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SUMMARY 

This is a case study of the I-10 

bridges over the Pascagoula 

River in Jackson County, 

Mississippi. The two-girder 

system has a unique framing 

plan where upper and lower 

lateral braces are used to 

provide a load path for wind on 

16-foot deep box girders.  The 

upper lateral bracing pattern is 

not uniform across the structure 

and some bays see force 

couples develop as live load 

moves across the bridge. As 

live load moves across the 

bridge, the upper lateral braces 

cycle between tension and 

compression, causing the 

bracing and connection plates 

to produce out-of-plane 

bending moments on the 

floorbeam.   

 

Starting in 2013, cracks have 

been observed in the floorbeam 

webs at the tip of the upper 

lateral bracing tab plate and in 

the weld between the 

floorbeam web and the upper 

lateral bracing tab plate.  The 

layout of the unique upper 

lateral bracing installed for 

wind load has created live load 

fatigue cracks in the main 

structural members.  Placement 

of these braces was intended to 

carry wind load, but the unique 

framing system combined with 

the mis-fabricated detail has 

created fatigue cracks for loads 

that were not likely considered 

in design. 
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FATIGUE CRACKING FROM UNEXPECTED CONDITIONS 
 

INTRODUCTION 

Location 

The Westbound (65.4A, Bridge ID 11800) and 

Eastbound (65.4B, Bridge ID 11801) Bridges carry 

Interstate I-10 traffic over the Pascagoula River 

north of Pascagoula, Mississippi shown in Figure 1.  

The total structure length is 20,929 feet long and 

consists of 329 prestressed concrete beam spans 

with one steel main span and one three-span 

continuous beam span.  The focus of this report is 

on the 350-foot main span consisting of two 16-foot 

deep steel box girders. As of 2012, current AADT 

was 24,500 with 31% trucks. Each bridge is striped 

to carry two lanes of traffic. 

 

 
Figure 1 - Location Map 

The spans are oriented from west to east.  Box 

girders are numbered 1 and 2 from north to south.  

Floorbeams (FB) are numbered from 1 to 22 from 

west to east.  Stringers are numbered 1 to 11 from 

north to south.  Framing plans showing the upper 

lateral bracing for the Westbound and Eastbound 

bridges are shown in Figure 2 and Figure 3, 

respectively.   The lower lateral bracing at the 

bottom of the box girder is K-bracing and is shown 

in Figure 4.  The bracing layout is important in the 

analysis of the structural behavior. The two steel 

box girders and floorbeam system are designated as 

fracture critical members due to a lack of load path 

redundancy. 

 

 
Figure 2 - Westbound bridge framing plan 

(upper lateral bracing shown) 

 
Figure 3 - Eastbound bridge framing plan 

(upper lateral bracing shown) 

 
Figure 4 - Eastbound and Westbound bridge 

framing (lower lateral bracing) 

History of Structure 

Both bridges were originally completed and opened 

to traffic in 1976.  Each bridge consists of two 

welded box girders with overall dimensions of 16’-

0” deep by 4’-0” wide and 350’-0” long.  The box 

girders are spaced 49’-0” center-to-center.  The box 

girders are connected with twenty-two transverse 

floorbeams typically spaced at 16’-8” along the 

length of the box girder. Average floorbeam depth 

is 5’-3” and floorbeams are connected 

approximately 1’-4” from the top of the box girder 

web.  Bottom lateral bracing connects near the 

bottom of the box girder.  Upper lateral bracing 

connects near the top of the floorbeam.  The upper 

lateral bracing is connected with bolts to the web of 

the box girder and welded to the floorbeam web.  

Eleven longitudinal stringers run the length of the 

structure and are placed 4’-2” apart.  The W16x40 

stringers sit on top of the floorbeams and are 

connected with two bolts per stringer.  The bolts 

have slotted holes in the bridge longitudinal 

direction, allowing the stringers and deck to move 

independently of the girders and floorbeams.  This 

allows the deck system to “float” which means the 

deck does not participate in longitudinal load 

transfer.   The original deck was constructed with a 

5 ¼” steel open grid decking and was non-
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composite with the stringers. 

Both bridges had the open grid deck replaced in 

1991.  To keep a similar profile grade, the existing 

stringers were replaced with W14x38 beams and a 

new 7” thick concrete, non-composite slab was 

placed.  The additional weight added to the 

structure from replacing the deck causes an increase 

of about 40% in dead load.  The increased slab dead 

load is approximately 1000 kips. The new total 

dead load of the structure is approximately 3500 

kips.  

In 2013, cracks were discovered at the intersection 

of the upper lateral bracing tab plates and the 

floorbeam webs.  The lateral bracing connection 

plate is bolted to a tab plate that is welded to the 

floorbeam web and also bolted to the face of the box 

girder web, as shown in Figure 5. Typical crack 

location and information is shown in Figure 6.   

 

 
Figure 5 - Upper lateral bracing connection 

plates 

According to the September 2014 inspection report, 

there were no new cracks noted and the existing 

cracks did not propagate.  The bridges were 

inspected again in September 2015 and some of the 

crack lengths had propagated.  Those crack lengths 

are shown in bold and designated with an asterisk 

symbol (*) in Table 1. 
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Figure 6 - Crack locations as depicted in the MDOT Inspection Reports
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Table 1 - Crack Lengths noted in the 2014 and 2015 Inspection Reports 

Westbound - Bridge ID 11800 

Structure Number 65.4A 

Floorbeam Girder 
2014 Inspection 2015 Inspection 

Crack Length Crack Tip Location Crack Length Crack Tip Location 

1 2 +/- 1/2" toe of weld +/- 1/2" toe of weld 

3 1 +/- 1/2" floorbeam web +/- 1/2" floorbeam web 

18 2 +/- 1/2" toe of weld +/- 1/2" toe of weld 

20 1 +/- 2 1/2" to 3" floorbeam web +/-4" * floorbeam web 

22 2 +/- 1/2" toe of weld +/- 1/2" toe of weld 

      

Eastbound - Bridge ID 11801 

Structure Number 65.4B 

Floorbeam Girder 
2014 Inspection 2015 Inspection 

Crack Length Crack Tip Location Crack Length Crack Tip Location 

3 2 +/- 2" floorbeam web +/- 6" * floorbeam web 

16 2 +/- 1/2" floorbeam web +/- 4" * floorbeam web 

20 2 +/- 1/2" floorbeam web +/- 4 1/2" * floorbeam web 

22 1 +/- 1/2" toe of weld +/- 1/2" toe of weld 

* Crack lengths have propagated between 2014 and 2015 

 

The inspection reports indicate that the bolts in the 

upper lateral bracing connections at FB 2 and FB 21 

have been intentionally loosened.  Although the slab 

is a floating slab, the inspection report noted the 

exterior stringer to floorbeam bolts have been 

intentionally loosened.  The time the bolts were 

loosened is unknown. 

PURPOSE AND SCOPE OF 

STUDY 

The purpose of this study was to evaluate and 

recommend a solution for the cracks located in the 

floorbeam web and weld at the tip of the lateral 

bracing tab plate.   

Review of Existing Data 

A review of the existing inspection reports, original 

plans and deck replacement plans was performed.  

Plan views of the crack locations are shown in Figure 

7 and Figure 8.  The red squares indicate crack 

location.  The green circles indicate the locations 

where the cracks propagated between 2014 and 2015. 

Potential causes for cracking were identified and were 

evaluated as part of this study.  The list of potential 

causes for cracking include: 

•  Increased dead load from the deck replacement 

• Modified deck stiffness as a result of the deck 

replacement 

•  Cyclic loading from live load 

•  Cyclic loading from wind load 

•  Cyclic loading from uniform temperature 

• Cyclic loading from temperature gradient on 

southern-most box girder. 

 

 
Figure 7 - Westbound Crack Locations 

 
Figure 8 - Eastbound Crack Locations 

Original Design Intent 

Following the existing plan review, it was noted that 

the original design intent was to weld the upper lateral 

bracing tab plate to the floorbeam web and the first 

transverse stiffener as shown in Figure 9.  The 

pictures shown in the inspection report indicate that 
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the lateral bracing tab plate stops short of the 

transverse stiffener and is not welded to the transverse 

stiffener as shown in Figure 10.  As part of the review, 

the welded connection between the tab plate and the 

transverse stiffener, as proposed in the original plans, 

will be investigated. 

 

 
Figure 9 - Original detail of upper lateral bracing 

connection to floorbeam web and stiffener 

 
Figure 10 - As constructed upper lateral bracing 

connection to floorbeam web and stiffener 

Structural Analysis 

The structural analysis of the main steel spans was 

performed using CSi Bridge software.  A three 

dimensional model of the entire bridge was created 

using a combination of frame elements and shell 

elements.  Only the Westbound bridge was modeled 

since the two bridges are mirror images with similar 

loading.  Box girders were modeled as shell elements 

and the floorbeams and bracing members were 

modeled as frame elements.  The purpose of modeling 

the box girders as shell elements was to accurately 

pick up all the axial load in the upper lateral bracing.  

Shell elements allow floorbeams and lateral bracing 

to be connected to the inside face of the web.  The CSi 

Bridge model is shown in Figure 11.   

 

Figure 11 - CSi Bridge Model 

 

The bridge dead load was analyzed with the original 

stringers and deck system and with the current 

stringers and deck system.  Additional loads analyzed 

include the HL93 live load, fatigue truck, wind load, 

and temperature loads.  A moving load analysis was 

used to determine the live load locations that 

produced the greatest force range in the upper lateral 

braces at FB 3.  The analysis was performed with all 

upper lateral bracing active and again with the upper 

lateral bracing between FB 1 and FB 3 and FB 20 and 

FB 22 removed.  Results from the global bridge 

model were then used in a detailed finite element 

model. 

 

Note that results presented herein for live load or 

wind load do not include dead load or other 

permanent loads or load factors.  Fatigue cracks are 

caused by transient loads.  When analyzing results, 

the demands and stress ranges presented are for the 

transient load under investigation only.  The 

connection is in tension under permanent load. 

Finite Element Analysis 

A three-dimensional finite element analysis (FEA) 

model was developed in Lusas to determine the 

magnitude of localized stresses in the connections 

between the upper lateral bracing connection plate 

and the floorbeam web. The detailed model included 

part of one girder, part of FB 3, and the adjacent 

lateral bracing.  With the exception of the lower 

lateral bracing, all members were modeled with shell 

elements.  This allowed a detailed model to be 

developed, including the lateral bracing connection 

plates and the gap between the tab plate and the 

floorbeam stiffener, where cracks have occurred.  

Loads from the CSi Bridge model were applied to the 

FEA model to analyze the connection as fabricated. 

The FEA model is shown in Figure 12. 
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Figure 12 - FEA model of FB 3 

Conceptual Design Retrofits 

Retrofit concepts were developed and include the 

following: 

•  Remove the upper lateral bracing to remove the out-

of-plane bending moment on the connections.   

•  Rigidly connect the lateral bracing connection plate 

to the transverse stiffener as indicated in the original 

design drawings using a field bolted connection 

retrofit. 

EVALUATION 

As part of this study, the history of the structure and 

the changes that have occurred since the original 

design have been considered since all changes 

potentially play a role in the crack development and 

growth.  The evidence in the field indicates that the 

cracks are likely from a cyclic load.  Looking at the 

standard fatigue details, the lateral bracing tab plate 

weld to the web of the floorbeam is categorized as a 

Category E fatigue detail per AASHTO LRFD.  The 

floorbeam web cracking that has been observed in the 

field is consistent with this fatigue detail per 

AASHTO.  This detail has an allowable stress range 

of 4.5 ksi for infinite life with Fatigue I loading.   

As the upper lateral braces cycle from tension to 

compression, the force travels through the lateral 

bracing connection plate and tab plate, causing the 

floorbeam web to bend as shown in Figure 13.  This 

behavior is known as distortion-induced fatigue.  Due 

to the omission of the tab plate-to-stiffener weld 

during construction, there is a gap between the lateral 

bracing connection and the stiffener, creating a weak 

point in the connection susceptible to large out-of-

plane bending cycles resulting in fatigue cracking.  As 

the braces cycle between tension and compression, 

the web bending changes direction. 

 
Figure 13 - Floorbeam web bending due to lateral 

brace forces 

The maximum and minimum brace forces are 

typically produced by loading the adjacent 

floorbeams.  Floorbeam deflections cause tension or 

compression in the brace.  The magnitude and 

direction of the force depend on the location of the 

load, the orientation of the brace, and if there is a 

parallel lower lateral brace. Influence diagrams 

indicate similar brace behavior across the length of 

the bridge.  Each brace cycles between tension and 

compression under live load.   

Additionally, all cracks that measured greater than 3” 

are located at floorbeam connections below the traffic 

lane on the right side of each respective bridge.  Based 

on traffic patterns, it would be expected that the far-

right lane would see more traffic, and therefore more 

fatigue cycles, than the far-left lane. 

X-Brace Behavior 

There are two types of typical brace behavior.  The 

first is for upper lateral bracing with lower lateral 

bracing in the opposite direction (upper and lower 

braces make an ‘X’ in plan view).  The crossing X-

braces occur in bays 2, 4, 6, 8, 10, 11, 12, 14, 16, 18 

and 20.  The influence diagram for this case is 

shown in Figure 14.  Influence diagrams use colored 

contours to indicate the load position that produces 

maximum and minimum effect in the selected 

member.  The red area indicates a load located at 

this position produced the highest compression force 

in the selected member.  Blue indicates the load 

position that produces maximum tension in the 

member. 
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Figure 14 - Influence diagram for upper lateral 

brace with opposing bottom lateral brace 

 

As the live load moves across FB 2, the floorbeam 

deflects down, lengthening the upper lateral brace 

under consideration, causing tension.  As the live load 

moves from FB 2 to FB 3, FB 3 deflects.  This 

deflection shortens the floorbeam and compresses the 

adjacent braces.  Moving the live load from FB 2 to 

FB 3 causes the brace force to cycle from tension to 

compression, creating a large fatigue stress range for 

a single vehicle. 

Global bridge behavior also induces tension and 

compression in the brace when the live load is 

positioned near midspan.  The direction of the force 

is dependent on the location of the live load.  Global 

bridge behavior also causes the brace to cycle from 

tension to compression, but not as severely as local 

behavior. 

Parallel Brace Behavior 

The second type of brace behavior is upper lateral 

bracing with lower lateral bracing in parallel. The 

parallel braces occur in bays 1, 3, 5, 7, 9, 13, 15, 17, 

19 and 21.  The influence diagram for this case is 

shown in Figure 15. The maximum compression in 

the brace occurs when the live load moves between 

FB 3 and FB 4.  Because the lower lateral bracing is 

parallel to the upper lateral bracing, a force couple 

develops.  The upper brace goes into compression and 

the lower brace goes into tension.  This is why tension 

is not developed when the load moves to FB 4; the 

force couple between the braces is still resisting the 

floorbeam deflection.  

 
Figure 15 - Influence diagram for upper lateral 

brace with parallel bottom lateral brace 

 

Global bridge behavior causes tension and 

compression in the brace when the live load is 

positioned near midspan.  The direction of the force 

is dependent on the location of the live load.  Global 

bridge behavior causes the brace to cycle from tension 

to compression.  Local behavior causes the highest 

compression forces and does not produce any tension. 

Forces in the upper lateral bracing members are lower 

at midspan and increase toward the bearings.  Forces 

in members adjacent to the pinned bearing are higher 

than forces in members adjacent to the free bearing.  

The fixity of the bearings increases the differential 

deflection between floorbeams at the bridge ends, 

increasing the force induced in the lateral bracing.  In 

comparison, the floorbeams near midspan can deflect 

together, which reduces the load in the lateral bracing. 

The floorbeams with the most severe cracking are 

located at FB 3 and FB 20.  The analyses have shown 

the lateral bracing at these locations have the largest 

stress range due to live load, which is consistent with 

the documented cracking.  In comparison, the end 

floorbeams only have one lateral brace and half of the 

tributary area.  Therefore, the stress range due to live 

load is lower at FB 1 and FB 22 than at FB 3 and FB 

20, even though FB 1 and FB 22 have rigid vertical 

supports. 

Increased Dead Load 

When the open grid steel decking was removed and 

replaced with a 7” concrete deck, the weight of the 

structure increased resulting in a higher demand on 

the structure.  The negative moment at the ends of the 

floorbeams increases from about 80 k-ft to 160 k-ft.  

The increased dead load doubles the tension in the top 

flange and floorbeam web.  The weld termination 

point (approximately 1’-8” from the face of the box 

girder web) is in slight tension from axial and bending 

moment for a total dead load stress of 0.8 ksi under 

the original deck loading.   Tension stress in the 

floorbeam increased with the new loading to a 

maximum of 1.5 ksi. Even though this load is only 
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applied once, the change in stress, 0.7 ksi, does reduce 

the fatigue capacity and is considered a half-cycle in 

the life of the structure. 

Modified Deck Stiffness 

The original open grid deck design consisted of 

panels that were not rigidly attached to each other 

transversely.  There were gaps between the grid 

panels that allowed the structure to engage the upper 

lateral bracing.  The deck was replaced with a 

continuous concrete slab which adds transverse 

stiffness to the structure compared to the open grid 

deck system.  

The original bridge design assumed the deck system 

did not contribute to lateral load resistance.  One CSi 

Bridge model assumed no deck stiffness to 

approximate the original design conditions.  Another 

model was created that included the concrete deck 

stiffness in the transverse direction and allowed for 

movement in the longitudinal direction.  One of the 

solutions involves removing the upper lateral braces 

entirely.  The addition of the concrete slab reinstates 

the transverse stiffness that the upper lateral bracing 

provides but the stringers do not have shear studs.  

Any horizontal wind load applied to the barriers must 

be transferred through friction and localized positive 

connections between the stringers and concrete slab. 

When the deck was replaced, holes were drilled in the 

top of the web to allow reinforcing steel to connect 

the slab to the girder. Once the load is in the stringers, 

the bolts between the floorbeams and the stringers 

must transfer the load into the rest of the structure. 

Prior to removal of the braces, consideration shall be 

given for the temporary state of the structure if deck 

replacement of the entire structure will occur in the 

future.  Temporary lateral bracing may be required in 

the completely undecked state to maintain geometry 

control on the 16’-0” tall box girders. 

Cyclic Live Load 

As previously discussed, live load on the bridge 

causes the upper lateral bracing to cycle from tension 

to compression, bending the web between the lateral 

bracing connection and the floorbeam web stiffener.  

The existing connection detail was not built to the 

specifications of the design drawings and is 

susceptible to fatigue cracking. 

The FEA model confirmed high stress concentrations 

at the locations where cracking has been observed.  

Direct tensile stresses were compared since that is the 

stress component responsible for producing the 

cracks observed in the floorbeam webs.  The 

maximum tensile stress in the floorbeam web at the 

upper lateral bracing connection is shown in Figure 

16 and the maximum compression stress is shown in 

Figure 17.  As shown, the stress range is 17.3 ksi, far 

exceeding the infinite fatigue stress range of 4.5 ksi. 

 

  
Figure 16 - Maximum live load tensile stress in 

the floorbeam web (as-built condition) 

 
Figure 17 - Maximum live load compression 

stress in the floorbeam web (as-built condition) 

After the analysis of the existing condition was 

complete, another analysis was performed with the 

tab plate connected to the stiffener, as originally 

designed and detailed.  The maximum tensile stress 

diagram is shown in Figure 18 and the maximum 

compression stress diagram is shown in Figure 19.  
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The analysis found this additional connection 

eliminated the stress concentration in the floorbeam 

web.  As shown in the stress diagrams, the fatigue 

stress range is 0.6 ksi for the connection details as 

designed, which is below the finite and infinite 

fatigue stress ranges.  This has shown the connection 

as originally detailed would have been much less 

susceptible to fatigue cracking than the as-built 

condition. 

 
Figure 18 - Maximum live load tensile stress in 

the floorbeam web (original detail) 

 
Figure 19 - Maximum live load compression 

stress in the floorbeam web (original detail) 

Upper lateral bracing members between FB 1 and FB 

3 and between FB 20 and FB 22 were released in an 

effort to stop crack growth observed at FB 3 and FB 

20.  The CSi Bridge model was analyzed with and 

without these braces to understand the overall bridge 

behavior and analyze the effect of removing these 

braces.  Upper lateral brace axial forces, with all 

braces active are shown in Figure 20.  Upper lateral 

brace forces with braces between FB 1 and FB 3 and 

between FB 20 and FB 22 inactive are shown in 

Figure 21. Comparing the upper lateral brace forces 

between the two models has shown that removing the 

braces as discussed only affects those braces.  The 

adjacent active brace experienced a slight increase in 

force.  The overall effect on the remaining braces was 

negligible.  It is important to note that releasing the 

braces between FB 1 and FB 2 has not completely 

removed the lateral load demand at FB 3 and FB 20.   

 

 
Figure 20 - Upper lateral brace axial forces, all 

braces active 

 
Figure 21 - Upper lateral brace axial forces, 

existing condition 

Cyclic Wind Load 

Wind loading of the bridge was evaluated.  The load 

in the braces increases as you move from the center 

of the bridge to the bearings.  The maximum load in 

the brace is 90 kips for a total force range of 180 kips 

on the upper lateral bracing.  Wind loading does cause 

high brace forces, but high wind events do not occur 
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with the same frequency as live loading.    Using the 

AASHTO Standard Specifications, 17th edition, 

2002, Section 10.3.2.3 indicates that a stress range of 

100,000 cycles for wind events.  Although this is not 

in the current AASHTO LRFD design code, 

consideration was given to this section since the 

magnitude of load in the brace was so high compared 

to the fatigue truck loading.  Per Table 10.3.1A, the 

allowable fatigue stress is 22 ksi for a Category E 

detail.  As shown in Figure 22, the actual stress in the 

web 30.62 ksi tension which exceeds the allowable 

range without the compression.  The total range for 

the wind loading is 61.24 ksi.  As shown in Figure 23, 

the stress range is greatly reduced to 0.68 ksi when 

the lateral bracing connection plate is connected to the 

floorbeam stiffener as originally designed.  Wind 

loads have contributed to the fatigue cracking. 

 

 
Figure 22 - Maximum wind tensile stress in the 

floorbeam web (as-built condition) 

 
Figure 23 - Maximum wind tensile stress in the 

floorbeam web (original detail) 

Cyclic Uniform Temperature Load 

Uniform temperature loading of the bridge was 

evaluated.  Uniform temperature loading does cause 

a slight increase in upper lateral brace forces.  

However, temperature loading is unlikely to cause 

brace members to cycle between tension and 

compression for a large number of cycles.  While 

uniform temperature loading may contribute to 

fatigue cracking, it is negligible.   

 

Cyclic Temperature Gradient Load 

These structures have a large surface area exposed to 

the sun on the south box girders, but the north box 

girder and the north side of the south box girder are 

shaded.  Temperature gradient loading of the bridge 

was evaluated and found to cause an increase in upper 

lateral brace forces.  However, temperature gradient 

loading is unlikely to cause brace members to cycle 

between tension and compression.  While gradient 

temperature loading may contribute to fatigue 

cracking, it is negligible. 

Evaluation Summary 

Based on the original plan review and field 

observations, the underlying cause of the floorbeam 

web cracking is due to the shortened tab plate and 

missing weld between the lateral bracing connection 

tab plate and the floorbeam transverse stiffener.  This 

connection detail is classified by AASHTO as 

Category E for fatigue. This type of detail has a low 

fatigue stress range threshold, making it susceptible 
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to fatigue cracking.  The omission of the weld 

between floorbeam stiffener and lateral bracing tab 

plate causes significantly higher stress levels per 

loading cycles from the upper lateral bracing axial 

loads.  Computer analysis has shown the connection 

cycles through a large stress range under typical live 

loading, exceeding the AASHTO stress range for a 

Category E detail.  The location of floorbeam web 

cracking is consistent with fatigue cracking for this 

detail. 

Replacing the original steel open grid deck with a 

concrete deck increased in the self-weight of the deck, 

thus increasing the tensile stress in the floorbeams.  

This overall increase in tensile stress likely reduced 

the fatigue capacity of the connection.  Other 

contributing factors include wind and temperature 

loading.  However, live load is the primary cause of 

the fatigue cracking. 

PROPOSED SOLUTIONS 

The proposed solutions are to remove the upper 

lateral bracing, option 1, or attach the lateral bracing 

connection plate to the floorbeam stiffener as 

originally designed, option 2.  Considerations to 

arrest all the cracks in the webs and welds to avoid 

potential crack growth are present with both options. 

There are two different types of fatigue cracks that 

need to be addressed.  The first type are cracks that 

terminate in the floorbeam web.  The second type are 

cracks that are in the tab plate to floorbeam weld (do 

not penetrate the floorbeam web).  Floorbeam web 

cracks need to be arrested through the use of crack 

arrest holes.  Cracks in the weld between the tab plate 

and floorbeam will require the weld to be removed.  

If option 2 is selected, the tab plate will need replaced. 

Option 1: Removing the Upper Lateral 

Braces 

One solution to prevent crack growth or additional 

crack propagation is to remove the upper lateral 

bracing.  This will eliminate force transfer from the 

brace to the lateral bracing connection plate and 

significantly decrease out-of-plane bending in the 

floorbeam web at the tip of the lateral bracing 

connection plate.  Removing the upper lateral bracing 

will release most of the negative moment at the 

floorbeam to box girder connection and will decrease 

the tension in the top of the floorbeam web and reduce 

crack growth.  This solution will rely on the new 

concrete deck for lateral load transfer.  Since the 

existing deck is non-composite, the lateral force must 

be transferred through friction between the stringer 

and the slab.  In addition, the lateral force transfers 

from the slab to the structural steel through the bolts 

between the stringer and the lateral bracing.  Some of 

these bolts have been intentionally loosened. 

Advantages to this solution are: removing the load 

that is causing the floorbeam cracks and field work 

required is limited to member removal and crack 

repair.  Disadvantages to this solution are: the global 

bridge behavior will be modified from the original 

design and a bridge analysis; new load path analysis 

and member design checks may be required. 

Temporary lateral bracing may be required during a 

full deck replacement. 

Option 2: Bolted Connection Retrofit 

The as-built lateral bracing tab plate connection is 

missing a weld that was specified in the original 

design drawings.  One solution to prevent further 

floorbeam web cracking is to connect the tab plate to 

the floorbeam stiffener, as the original design 

intended.  A field-bolted connection retrofit concept 

is presented in the attached plans.  This solution 

would use new and existing bolt holes to connect 

angles to the tab plate and stiffener. The tab plates 

will increase the stiffness of the connection and 

provide an additional load path between the upper 

lateral brace and the floorbeam. 

Advantages to this solution are: global behavior of the 

bridge is not modified; full bridge analysis is not 

required and only selected locations need to be 

retrofit.  Disadvantages are: field work may include 

field measurements, field drilling new bolt holes, 

installing new angles and bolts, the load in the brace 

will still be present. 

Preferred Repair 

Option 1 was chosen as the preferred repair method.  

This option removed the upper lateral bracing. 

CONCLUSIONS 

This study has shown that there are two main 

contributing factors to the fatigue cracks that have 

appeared and propagated in the floorbeam web and 

welds between the tab plate and floorbeam.  The first 

contributing issue is the missing weld between the tab 

plate and floorbeam stiffener as shown in the original 

connection detail.  The connection as designed would 

not have the high stress cycles in the floorbeam web 

if the tab plate were connected to the floorbeam 

stiffener. 
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The second contributing factor is the increase in dead 

load from the concrete slab that replaced the original 

steel open grid deck.  The additional dead load has 

increased the tension demand on the floorbeams in an 

area that is already exceeding the recommended 

fatigue stress range.   

As previously discussed, cyclic live load is the load 

governing fatigue behavior causing distortion-

induced fatigue.  The fatigue stress range for a single 

live load event can exceed 17 ksi at the lateral brace 

connection location.  Wind and temperature do 

increase demands on the brace, but these loads do not 

occur in the high number of cycles that would be 

required to produce significant fatigue cracking. 


