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1. Introduction

This article is based directly on the introductasticle which is focused on the
theoretical background. The application part diseasparticular details of steel structures
and bridges and selecting the steel structureshaddes that have been investigated into.
Because input data in theoretical relations suffan uncertainties and a certain reliability
is required throughout the designed service lifebpbilistic methods have been used. Input
data gained from experiments have been used fdrardgimg specific methods. A particular
attention has been paid to the selection of ingmedntervals with the aim to monitor the
growth of fatigue cracks.

2. Input datain probabilistic solutions with the focus on flanges

Mainly tension flanges have been chosen for apjdica of the theoretical solution
suggested in the studies. Depending on the positidhe initiation crack, it is possible to
monitor the crack propagating from the edge oram&f(Fig. 1). Regarding the frequency,
weight and concentration of stresses, those latatiank among those with the major
hazard of fatigue cracks appearing in the steetstres and bridges.
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Fig. 1: Characteristic propagation of cracks: (ajif the edge, (b) from the surface
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2.1. Propagation of cracksfrom the edge and surface

A flange without stress concentration is used famflonting the both cases depending
on the location of the crack initiation. The eveats different in calibration functiortg,) ,
which are in many publications of their authors Nemn and Raju, and cross section
degradations that appear during the crack propayati

The surface of the crack that deteriorates they#amith thet thickness is assumed to be
Ac=a.t. If the designed stress in the flande,.x is increased by the deterioration of the
original cross-sectioAy, then:

a-max'LS f (1)
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wheref, is the yield stress. The acceptable crack aizis possible to define from (1) (see
[1]) . It is rather difficult to describe the suckapropagation analytically, because a semi-
elliptic crack changes its shape during the cradpagation. The derived formula:
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was published in [5]. It is impossible to descrithe crack size explicitly. Therefore, a
numerical iteration is used to calculate the aaaptcraclay.

Based on the parametric probability study [5], seasitivity of the crack propagation
has been confronted for the same input conditiorteé both methods. The most important
result of the confronting study is that the detexiimn of the same flange for the crack
propagating from the edge grows approximately foues faster than the crack propagating
from the surface. The propagation rate does notmipn dimensions of all flanges where
the parameters were monitored.

2.2 Range stressintensity factor

Input values of the range in the stress rate aoeffi AK are typically random. If the
material constanim is not taken into account (the investigation ithds constant is
conducted within the metallurgical engine), theuinguantities include the constant stress
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rangedo in the point of creation and the propagation of fdigue crack. The constant
quantity is derived using Palmgrem — Miner hypoihdsom a spectrum of effects of
variable loads as an equivalent stress rangeelhtiminal stress in the place of the crack
dislocated by non-linear course of the stress, thismecessary to investigate into the stress
range for various stress concentrations. The strasge is influenced then by the real
course of the stress. This, however, does not rfedrihe initiation crack is located just in
the hot spot stress. All those inputs are loaddd eértain inaccuracies resulting from the
exact calculation and random occurrence in redlityrder to create a realistic opinion on
the data and processes that are investigated selgaraeasurements have been carried out
in a new highway bridge (spectra of effects froaffic loads have been investigated into).
The load carrying system consists in the continuausposite bridge with four steel beams.
Detail on the lower flange inductive sharp stremscentration is on Fig.2.

2.3 Experimental measurementsin the bridge

The gauges were located in line with recommendsfiBh(see Fig. 3). The measurements
were carried out in five time intervals during amerking day. A Rain-flow counting method
was used to analyze the strain gauge data. The glaig need to be calculated until the stress
peak. It is recommended to use two or three galgjes distances shown in Fig.3. The linear
extrapolation from two gauges gives a shape gearakstress. Three gauges are either square
or cubical extrapolation for the real course ofdtress. Fig. 4 shows measurement records for
one out of five series. There are the extrapolatlmsth for compression and tension stresses.
Because shapes of the measurement records are ratitom, it was not possible to
extrapolate the real course of the stress spdbifitar each case. To provide a kind of
concept, the weighed average was calculated. Boéting courses are shown in Fig. 4.
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For the sake of clarity, the stresses are relaete‘dltmwska —_9  wherecis the stress
aref

in the measuring point angd is the stress from control gauges that pick upni@inal
stress. The histograms for the records near thessstpeak (Fig. 5have the normal
distribution. They are different, and the distribat of compression shows a considerably
higher variance. The vehicle selection of monitgriraffic which influences the fatigue
crack difficulties. Heavy vehicles should be meng&d. In one series of the measurements,
2284 vehicles crossed the bridge, 282 vehicles sslexted.
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Fig. 6: Comparison of measured stress (selectioth=EM stress

2.4 Confrontation of calculation simplifications with experiment

The confronting of calculation simplifications amdrification in real conditions has
proved to be very useful. FEM was used to calcula¢estress concentration in the detail.
The relative course of the stress concentrati@hdsvn on Fig. 6The course of the relative
stress is same for both the compression and temsidrdepends only on the geometry of
the detail. Fig. 6 shows three lines of the stasgse. A is the course of the stress in the
flange in the place where the transverse weldmemtonnected, while B and C are the
courses of the stress in the flange in the distarfice and 10 mm, respectively, from the
geometric joint of the two weldments. The stressiemined during the measurements are
transformed into the graphic description for sixsinsignificant heavy trucks (identified as
an experimental origin EXP). The measurement resatticate in both cases that the real
stress concentration is lower than that obtainechther simple numerical calculations.

No general conclusions can be drawn from the only measurement. This, however,
proves that it is rather difficult to determine ethathe range of stresses contributing to the
fatigue crack propagation.

3. Comparison example

The measurements and assessment can be usedsas @ibthe comparison during the
inspections where the reliability should be providshould be pointed out that it was
impossible to validate all inputs in practice witlthe relatively short measuring intervals.

Realistic are the geometric shape (and also th&segections), the yield strength of the
materialf, with the mean value 280 MPa, the nominal desigesstof extreme responses
Omax With the mean value 200 MPa, the material consta a C=2,2.10" (the mean
values) and the constant stress radgeresulting from the measured spectrum of load
responses for the standard traffic. It is an edeitato the effects of the heavy vehicles

90



91

(Lorries) Ag =Ao. C30MPa [3]. Inaccurate inputs include the expected lengjftithe

measurable cracks=10 mm, the number of load cycles of the heavy alekiper year
N=1.1¢ and, in particular, the size and exact locatiothefinitiation cracla,. The selected
mean valuea, = 0.2 mm with the log-normal distribution repretsera considerable
asymmetry of the histogram where the variance tiserahigher forag>0,2 mm [2]. Other
input quantities have the normal division. The resfl reliability is expressed in the
technical practice as a reliability indg%2 that corresponds to the failure rate of cca.
P=0,0228.
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Fig. 7: Dependence of the failure probabiyon operation years of the bridge and
determination of inspection intervals for the desig failure probability,;=2,277.1C.

The influence of short cracks in the spectragis rather small in the context of other
uncertainties [2]. What is more important is théneated mean value and, in particular, the
maximum size that is accepted during the fabricatiod remains without any requirements.

In the parametric study based on Monte Carlo, teamvaluea, was monitored from
0.2 to 0,5 mm. The maximum ranged from 2.0 to 3/@.nThis was included into the
calculation by bounding the log-normal distributidrhe first inspection interval for those
cases was chosen for 18 and 24 years. The shimterstal was chosen for the meays0.2
mm andag ma=3.0 mm. The longest interval was chosen for theama=0.2 mm and
ma=2,0 mm. The future inspection intervals were chobased on the conditional
probability for the measurable crack s&e10.0 without any cracks revealed. The intervals
ranged from 6 to 7 years and repeated periodicalyle the periods between the intervals
shortened slightly.

The comparison of the results with those obtaingddBFPM for the first inspection
times has proved a rather good agreement. Diffeeraeze evident in other inspections
when the intervals are considerably shorter ifdfaeks are not found out. This is evidently
for the first inspection after 20 years. Figshbws the results of this method. The difference
is evident for the first interval (5 years) and #ezond interval that is shortened to 2 years.
The other intervals were 1.50 and 1.0 year. Thenals for further inspections converged
rapidly to zero.

In DDFPM it is possible to use better the condigioprobability for the determination
of future inspection times. It is possible to detigre the time at which the expected
probable size of the initiation crack was not deiaed correctly for a specific case (the
crack size is small or there is not any crack).
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4. Conclusion

The acceptable fatigue crack might be properly lef size, in cross-sections and
elements of steel structures and steel bridgegmedifor the combined extreme loads, as a
result of gradual degradation when the requirechbidity is reached at the end of the
designed service life of the structure.

The probabilistic methods should be used for thvestigation into the propagation of
the fatigue crack until the acceptable size is hedcbecause the input variables include
uncertainties and reliability should be taken iat@ount. The most important inputs are the
initiation crack size and the acceptable crack size

The new standard method is the damage tolerandeotheDamage is caused there by
an initial defect that has not been improvementdguirement procedures. The expected
crack size or non-existence should be revealeshgurispecial mode of inspections. Those
inspections are considerably more important thandsird inspections. This relates both to
individual time and quality of inspections.
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ACCEPTABLE FATIGUE CRACK SIZE - APPLICATION

Summary

This article continues discussing the acceptatilguia crack size in steel structures and
bridges. It is based on the theoretical part aradsdsith applications. A particular attention
is paid to degradation of an element in an ultintiaté state. The article should explain the
importance of the acceptable fatigue cracks ingieguidelines mentioned in standards.
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