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Project Description:
A large number of steel bridges within the national inventory are affected by distortion-induced fatigue cracks. Repairs
for this type of failure can be very costly, both in terms of direct construction costs and indirect costs due to disruption of
traffic. Furthermore, physical constraints inherent to connection repairs conducted in the field sometimes limit the type of
technique that may be employed. The goal of the proposed research is to investigate the relative merit of novel repair
techniques for distortion-induced fatigue cracks.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Project Meetings
Weekly research group meetings have continued to take place this quarter.
Contract Status
The contract is in-force, and operating on an end date of August 31, 2013.
Technical Updates
1. 30 ft. Three-Girder Specimen
Experimentally, four trials have been performed on the 30 ft. bridge specimen. Trial 5 is currently underway in the
laboratory. Figures of crack growth can be seen in the images provided in Tables 1 and 2. Table 1 depicts cracking
patterns in the North Girder, and Table 2 depicts cracking patterns in the South Girder. A summary of the cracking
patterns resulting during the various trials is provided following Tables 1 (North Girder) and 2 (South Girder).
Table 1: Cracking patterns for Trials 1 – 4 for the North Girder
Trial 2

Trial 3

Interior, North Girder, Left
Side

Trial 1
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Trial 4

Interior, North Girder, Right
Side
Exterior,
North Girder

N/A

N/A

N/A

Table 2: Cracking patterns for Trials 1 – 4 for the South Girder
Trial 2

Trial 3

Interior, South Girder, Right Side

Interior, South Girder, Left
Side

Trial 1
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Trial 4

Exterior, South Girder
Trial 1
Trial 1 consisted of the unretrofitted bridge subjected to cyclic loading between 6 - 60 kips. Cracking was first
noticed at 20,000 cycles. These were allowed to continue propagating until 150,000 cycles was reached. At this point,
the longest crack in the bridge was 1-in. long.
Trial 2
After cracking reached 1 in., the double angle and back plate retrofit was applied to the bridge in the top web
gaps of both the North and South exterior girders, as shown in Figures 1-3. It should be noted that crack-arrest holes
were not drilled at the tips of the cracks in this test trial, to produce the most demanding test for the retrofit.

Figure 1. View of double angles and backing plate retrofit on
interior face of an exterior girder.

Figure 2. View of double angles and backing plate retrofit on
interior face of an exterior girder.

Figure 3. View of double angles and backing plate retrofit on exterior face of an exterior girder (backing plate shown)

After the bridge was subjected to 1.2 million cycles cycling between 6 - 60 kips in the retrofitted condition, the retrofit was
removed and the bridge was inspected for cracking. No crack growth was noted on the interior face of the south girder;
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3

however, the through-thickness crack grew /8 in. Some crack growth was also noted in the cracks on the interior face of
5
11
the north girder. On the left side of the stiffener, cracking extended from /16 in. to /16 in., while on the right side of the
3
3
stiffener, cracks grew from /8 in. to /4 in.
Trial 3
In Trial 3, the same double angles and backing plate retrofit was applied to the north and south girders, however,
the cyclic loading was increased to 8 - 80 kip. It should be noted that, again, crack-arrest holes were not drilled at the
crack tips, in an attempt to create a very demanding test of the retrofit. Once the retrofit was removed, cracks were
inspected, and it was found that the crack lengths had modestly increased. On the south girder, spider cracking on the
1
3
stiffener left side increased by /4 in. and the increase in the through-thickness crack was found to be /16 in. Spider
7
crack growth seen on the left side of the stiffener was found to be /16 in., while the right side of the stiffener experienced
1
/4 in. crack growth.
Trial 4

1

Since additional crack growth occurred in Trial 3, /4-in. dia. crack-arrest holes were drilled at the crack tips to
smooth out the sharp cracks. In Trial 4, cycling was induced between 10 - 100 kip. The crack-arrest hole diameter was
intentionally kept small so as to maintain demanding test parameters.
At approximately 650,000 cycles, a faint clicking noise was noticed coming from the connection stiffener in the
north girder. After inspection, no change in bridge response was noticed. While under inspection at 1.061 million cycles,
the cross frame between the north and center girders was found to be cracked through the depth of the connection tab
plate, as seen in the following images. It appears that the crack started at the bottom corner of the weld toe where the
angle framed into the tab plate.

Figure 4. View of crack in the cross frame table plate
before removal of the cross frame

Figure 5. View of cracked tab plate after cross frame
removal

After inspection of the web gap regions, it was noticed that the north girder through-crack developed between the two
drilled crack stop holes. On the south girder, minimal crack growth was seen in the through web crack while the spider
7
crack on the right side of the south girder grew through the ¼-in. dia. crack-arrest hole and /16-in. beyond the hole. At
the tip of this extended crack, a ½-in. dia. hole was drilled for the start of the next trial (Trial 5).
Three points are worth noting regarding Trial 4:
(1) While cracking did propagate during this test, the load demand was quite severe. Additionally, the crackarrest holes were much smaller than is commonly used the field, and were purposefully installed as such to
create a demanding test.
(2) Only minimal crack propagation was sustained within the top web gap regions, and a significant crack was
produced in the connection between a cross frame member and tab plate. This indicates that the location
most susceptible to cracking was shifted from the sensitive web gap regions to a detail that is generally not
highly susceptible to fatigue cracking. This finding indicates that a high level of protection was provided to the
web gap regions.
(3) Because the cross frame tab plate cracked through, uneven load distribution occurred in the web gap regions.
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Therefore, the south girder likely experienced much higher stress ranges than would have been induced had
the north cross frame been undamaged. Because of this, crack growth in the south girder should not be
taken as indicative of the 10 – 100 kip load range.
Following discovery of the damaged cross frame, the cracked cross frame was removed from the bridge and
repaired. The repaired cross frame was exchanged with an undamaged cross frame from the end support
region of the bridge. Trial 4 was halted, due to the fact that load redistribution occurred when the cross frame
cracked. Therefore, Trial 4 is not considered to be a controlled test of the retrofit’s effectiveness, in that the
retrofits in the North and South girder likely experienced varying and unequal stress levels; however, Trial 4 still
has merit in that it showed that the retrofit was capable of shifting the “fragile” location in the bridge to a region
outside the web gap region.
2. 9 ft. Girder Specimens
Testing has continued on Specimens 3 and 4, both of which have been previously subjected to multiple test trials.
Specimen 3
This quarter, Specimen 3 was retrofitted with a steel-CFRP sandwich composite. Specimen 3 had a crack extending 14in. into the web, and a 21.5-in. long crack between the flange and web at the onset of testing. Therefore, this specimen
was severely distressed and posed a significant demand for a retrofit. CFRP fabric, 1/16-in thick, was applied to the
interior and exterior sides of the girder as shown in Figures 6-8. The CFRP bridged the vertical cracking between the
stiffener and the girder web. After the CFRP was in place (bonded to the specimen with West 105 resin), two 19-in. long
1
steel angles were placed between the interior face of the web and the connection stiffener, and a 24”x24”x /2” steel
backing plate was placed over the CFRP on the fascia side of the girder. The CFRP was allowed to cure under the
applied steel elements.
The specimen was subjected to fatigue for 1.2 million cycles at a load range of 0.1 - 5.7 kips, after which, the retrofit
was removed and cracks inspected. No crack growth was noted.

Figure 6. View of the steel-CFRP sandwich retrofit applied to
Specimen 3 (interior face of girder; left side of connection stiffener)
– steel angle has been removed from the CFRP in this view
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Figure 7. View of the steel-CFRP sandwich retrofit applied to
Specimen 3 (interior face of girder; right side of connection
stiffener) – steel angle has been removed from the CFRP in this view

Figure 8. View of the steel-CFRP sandwich retrofit after both the steel and CFRP components
of the repair have been removed from Specimen 3 (fascia side of girder)

Specimen 4
Specimen 4 was fatigue tested with a load range of 1 - 3 kips with a series of small-diameter crack-arrest holes this
quarter. The purpose of this particular test sequence has been to gain a greater understanding of crack-arrest hole
performance under distortion-induced fatigue loading. To accomplish this, cracking was allowed to develop, and then
1
very small crack-arrest holes were drilled ( /4-in. dia.). The specimen was then subjected to fatigue testing, and crack
propagation was observed in the left vertical crack on the stiffener side (Figure 10), and in the flange-to-web weld crack
(Figure 9). For those cracks that reinitiated at the crack-arrest holes, the cracks were allowed to propagate a small
distance. Then, ½-in. dia. crack-arrest holes were drilled at the tips of the newly propagated cracks. Currently,
Specimen 4 is being cycled again and monitored for crack reinitiation and propagation.

Black: Original cracks’ length
Green: Initial crack-stop holes
Red : New crack-stop holes

Figure 9. Schematic of crack-arrest holes on fascia side of Specimen 4
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Figure 10. Schematic of crack-arrest holes on interior side of Specimen 4

Anticipated work next quarter:




Fatigue testing will continue on the 30-ft bridge. Evaluation of the double angles with backing plate
1
repair will be continued, and will include slightly larger ( /2-in. dia.) crack-arrest holes as necessitated. A
finite element parametric analysis is being performed to investigate various retrofit configurations.
Fatigue testing of Specimen 3 is complete. A new specimen (Specimen 5) will be installed in the test
setup.
Fatigue testing of Specimen 4 will continue, with the goal of better understanding the performance of
crack-arrest holes in distortion-induced fatigue.

Significant Results:
The angles with backing plate retrofit is performing well under demanding fatigue loading in the 30-ft bridge
setup. Some crack propagation has been noted while the retrofit is in place, however, it should be noted that
the retrofit thus far has been applied over cracks that either had no crack-arrest holes, or very small crackarrest holes (1/4-in. dia.). Testing taking place this quarter will include slightly larger crack-arrest holes (1/2-in.
dia.) for the cracks that did reinitiate through the 1/4-in. dia. crack arrest holes. Additionally, a crack was found
to have formed in a cross-frame tab plate, indicating that the angles with backing plate retrofit was capable of
protecting the web gap to the extent that a significant crack was forced to a less sensitive region.
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that might
affect the completion of the project within the time, scope and fiscal constraints set forth in the agreement, along
with recommended solutions to those problems).
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