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Summary

Due to the increasing traffic and life loading fatigue becomes of high relevance in order to maintain
the integrity of existing steel bridge structures. Poor construction details which used to be regarded
as less important when applied e.g. to road bridges are nowadays often the starting point of fatigue
cracks. Repair and strengthening of welded details are thus of great importance in order to extend
the life time and safety of existing bridges. For welded details under fatigue loading one effective
possibility to do thisisthe application of local post-weld treatment methods. This paper presents the
application of a relatively new post-weld treatment method called “Ultrasonic Impact Treatment”
(UIT). The paper summarizes the results obtained on a series of experimenta fatigue tests where
UIT has been applied in order to extend the life time of partially damaged non load carrying fillet
welded joints.

Keywords. Fatigue cracks, post-weld treatment methods, fatigue life extension, welded joints,
strengthening of welded structures, ultrasonic impact treatment

1. Introduction

Fatigue is an important issue for the design and maintenance of steel structures subjected to cyclic
loading as e.g. bridges, cranes, ships, pressure vessels etc. Especially for bridge structures the
aspect of fatigue becomes of magjor importance due to the ever increasing amount of life loading
and/or axles loads as indicated e.g. in Fig. 1 and 2 presenting the development of the average daily
traffic volume and axle loads on German highways within the last 50 years [1]. Another point that is
responsible for this situation is the fact that in former times poor construction details which used to
be regarded as less important when applied to road bridges nowadays become the starting point of
fatigue cracks due to the increased traffic volume.
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As fatigue cracking can remarkably affect the structural function, durability and safety of bridge
structures, operators and owners of bridges are more and more faced on looking for reliable,
effective and low priced measures to repair and/or strengthen fatigue prone details in order to
extend their life time.

Through the advent of the new post-weld treatment technology “Ultrasonic Impact Treatment” (UIT)
an advanced method is nowadays available to improve the fatigue life of welded structures not only

for new manufactured structures but also for the repair and strengthening of existing structures. In

order to quantify the effectiveness of this new method especially for the latter field of application,

fatigue testing was carried out on a partially damaged welded transverse stiffener detail in order to

quantify the fatigue life extension.

2. Repair and/or strengthening of existing structures

21 Genera

Whether a structure has to be repaired or strengthened mainly depends on the given fatigue damage
situation. If fatigue cracks are detected in a structure retrofit measures have to be undertaken to
repair the cracked structural members. If the structure itself or certain details are evaluated to be
sensible to fatigue and having no or just shallow cracks, the fatigue performance may be increased
by applying adequate strengthening measures. A summary of existing fatigue and repair cases of
fatigue loaded welded structures are given e.g. in[2] - [4].

2.2 Repair and strengthening measures

The following contains a list according to [2] summarizing the most important repair and
strengthening methods:

» removal of cracks

» re-welding

= surface treatments (grinding, shot peening, air hammer peening, TIG dressing, UIT)
= adding plates or fiber reinforced plastic strips (FRP strips)

= bolted splices

= shape improvement

= stop holes

Although there are various repair and strengthening methods available and documented,
fundamental research on the effectiveness and on the most suitable area of application of these
methods is rarely available. It is e.g. common practice to assume that repaired welded details will
have the same fatigue resistance as the original ones, which is not sufficiently verified up to now.
The situation becomes even more complicated when applying strengthening methods: the question
e.g. arises how much the service life time of a structures can be extended depending on the existing
rate of damage. The experimental study described in the following aimsto give afirst answer to this
problem for the application of UIT to extend the life time of existing structures.

3. Ultra Sonic Impact Treatment (UIT)

3.1 Genera

The “Ultrasonic Impact Treatment” (UIT) is a relatively new and promising post-weld surface
treatment technique that was first invented and patented in the 1970s under the guidance of
STATNIKOV [5]. The UIT method involves a deformation treastment of the weld toe by a
mechanical hammering at a frequency of around 200Hz superposed by ultrasonic treatment at a
frequency of 27 kHz. The objective of the treatment is to introduce beneficial compressive residual
stresses at the weld toe by plastic deformation of the surface and to reduce stress concentration by
smoothening of the weld toe profile. The UIT equipment is shown in Fig. 3 and 4. The equipment
comprises a relatively lightweight handheld tool and an electronic control box containing the
ultrasonic generator. The tool is easy to operate and there are several kinds of heads and tips
available which can be chosen on the basis of the surface condition and weld detail to be treated.
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Fig. 3 Ul T-equipment Fig. 4 Pin of Ul T-equipment

3.2 Benefitsof UIT

The operation of UIT is much more comfortable and effective compared to conventional hammer
and needl e peening methods because of the high frequency with low vibrations and noise evol ution,
leading to a high quality assurance. Compared to other strengthening measures UIT is very simple
inuse: it can be applied in minutes, it offers a high accessibility including e.g. overhead application
and it does not require any bridge traffic to be detoured or altered. These features thus give UIT a
great potential use especially as a retrofit measure to improve the service life time of existing
structures.

3.3 Enhancement of fatigueresistanceusing UIT

Severa investigations mostly in the U.S. showed a substantial enhancement in the fatigue
performance for different welded construction details by UIT, see e.g. [6], [7]. Based on these
existing and successful studies on UIT an extensive testing and research program was initiated at
the University of Stuttgart and Weimar that aims to increase the application of high strength steels
in bridge structures by applying modern post-weld treatment methods like TIG dressing or UIT to
enhance the fatigue resistance, see [8], [9]. High strength steels are most suitable for the application
of post-weld treatment methods like UIT as they can build up high compressive residual stresses,
that suppresses the fatigue crack initiation and thus increase the fatigue resistance. Fig. 5 shows as
an example of the aforementioned research program results of some residual stress measurements
adjacent to the weld obtained by hole drilling before and after the application by UIT. It can clearly
be seen, that the residual stress pattern is shifted from the tensile region — as it is typically the case
in the as-welded state — to the compressive region and that the stress level amost reaches yield
stress on the surface. Similar results are also reported in [6]. First fatigue test results carried out on
small scale test specimens according to Fig. 8 for the steel grade S460 in the as-welded state and for
UIT treated specimens after manufacturing can be seen in Fig. 6. The tests were conducted with a
constant amplitude stress range and a stress ratio of R = 0.1. The test results given in the SN
diagram reflect mean life lines obtained by linear regression analysis. It can be observed that there
is a significant enhancement of the fatigue r&astance by UIT compared to the as-welded state. In
the given example the fatigue strength at 2-10° load cycles could be improved up to 100% through
the application of UIT compared to the as-welded state. Additional test are underway to verify this
results also for other steel grades and for full size girder tests[9].



N IABSE SYMPOSIUM LISBON 2005 4

400 1.000
Ng - JM\ -
> —O——o— e
E o= aS‘Wd dw —-— uIlT tr%tw g ................. L &
§ 0 E ~ hd @ e
4 02 04 06 08 10 o O~ .o “
7 ——
T -200 o~ o
3 100 _
8 /—‘—"
= -400

O as-welded
600 20 | ® UIT treated after manufacturing
depth from surface [mm] 100.000 N[] 1.000.000 2.000.000

Fig. 5 Residual stresses adjacent to the weld [9] Fig. 6 SN diagram[8]

4. Experimental studies

4.1 Scope

According to the above mentioned benefits UIT seems to be very much effective as a strengthening
method to extend the service life of fatigue loaded welded details in the field of bridge structures.
However, except for very few investigations [10], [11], al of the existing studies are focusing so far
on improving the fatigue resistance of new manufactured/fabricated welded details. Based on this
situation a small experimental program was initiated in the frame of a diploma thesis [12] in order
to quantify the effectiveness of UIT as a strengthening measure to extend to the life time of partialy
damaged details typical in existing structures.

4.2 Test program

4.2.1 Test specimens

The fatigue tests have so far been conducted on small scale test specimens representing the common
fatigue critical detail of a transverse stiffener that is fillet welded to the tension flange, see Fig. 7.
The stiffeners were welded on both sides on the plates. All specimens were of steel grade S460M
according to EN 10025-4 [13]. The particular geometry of the specimensisgivenin Fig. 8.
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Fig. 7 Typical transverse stiffener detail of a Fig. 8 Geometry of the test specimens
stedl bridge

4.2.2 Fatigue test procedure

As afirst step of the fatigue test program as-welded details were loaded on a constant amplitude
stress range with a stress ratio of R = 0.1 until complete fracture of the specimens. This allowed the
definition of a reference S-N-curve for the aswelded details. Then in a next step similar test
specimens where loaded with the same constant amplitude stress range up to about 75 — 90 % of the
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life time of the as-welded details. This procedure thus aimed to simulate a certain amount of fatigue
damage as it is e.g. the case in real structures in service. After that the specimens were removed in
order to check for possible fatigue cracks at the toe of the transverse fillet weld to the flange. This
was done by visual inspection assisted with a 10x magnifying glass and the magnetic particle
inspection. For al test specimens no detectable fatigue cracks have been observed, meaning that
according to the accuracy of the above mentioned non-destructive testing methods possible fatigue
cracks have been smaller then 1.0mm to 1.5mm in depth. After the identification of the fatigue
damage the specimens were UIT treated and again loaded by the same constant amplitude stress
range until complete fracture.

4.3 Fatiguetest results

The fatigue test results are plotted in a log-log S-N-diagram in Fig. 9. The dashed and doted lines
represent again the S-N-curves for the as-welded condition and the UIT treated condition according
to Fig. 6, where the UIT treatment was performed just after manufacturing of the specimens,
meaning without any fatigue damage in advance.

The blank loops of the test data indicate the number of load cycles Nt when the as-welded
specimens were UIT treated. These numbers of load cycles were chosen to approximately
Nt=0.75-0.90 -Ng, whereby N is the number of load cycles at failure of the untreated as-welded
test specimens, reflected by the dashed line. This procedure allowed to simulate a certain amount of
fatigue damage as it is the case in real structures under service condition. The final fatigue failure
and lifetime N+tg of these specimens are displayed by the filled out black |oops. The number of load
cycles between the blank and black loops (N1 — N1) is thus the rate of the fatigue life extension of
the partially damaged details strengthened by UIT. According to these results the fatigue life of the
strengthened details could be extended in minimum by a factor of 2.5 of the time the specimens
were treated. This minimum life time extension factor also indicates that under the given situation
(provided there are no respectively shallow fatigue cracks) the fatigue resistance of the original
detail can be restored through the application of the UIT treatment.
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Fig. 9 Results of fatigue tests

5. Conclusions and Outlook

The work presented in this paper clearly indicates that UIT is an effective method to extend the
fatigue life of welded details, not only for new manufactured structures but also for existing
structures in service having a certain amount of fatigue damage. Especially for the latter application
it could be shown by an experimental test program that the life time of fatigue damaged transverse
stiffener detail could be extended at least by a factor of 2.5. This means that, for the given situation
having no or shallow fatigue cracks, the fatigue resistance of the strengthened detail has been
restored to the original one. Based on the existing test results further investigations are currently
underway to develop a numerical fatigue-life prediction model using the local notch stress approach
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for the crack initiation phase and the fracture mechanic concept for the crack growth phase.

Compared to other repair or strengthening measures for fatigue prone details UIT seems to be a
very economic solution as it is very simple in handling, quick in its performance on site and does
not disturb any flow of traffic during its application. These practical aspects in combination with the
technical feature to enhance the fatigue life will thus give UIT a great potential use by saving
substantial time and costs within the ever increasing field of rehabilitation of existing structures like
bridges.

In order to gain more knowledge on the effectiveness of various retrofit measures further studies are
required to quantify important aspects as e.g. the rate of existing damage respectively the crack size

or the effectiveness in rea large-scale structures in order to come up with similar engineering
design methods as they are available for new structures.
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