




https://intrans.iastate.edu/




https://bec.iastate.edu/
















































































































































































































































 

123 

SG10-S is the gauge located on the center tie bar of the south approach slab. The plot of strains 

in SG10-S versus temperature in Figure 4.39 shows a curve very similar in shape to the one 

produced by the crackmeter joint measurements seen previously. A comparison with the strain 

data taken from the finite element modeling activities is available in Chapter 5.  

  

Figure 4.39. Story County 118—SG10-S measured strains 

4.3.5. Story County 118 Construction Issues 

Several issues arose during the construction of the Story County 118 bridge that were observed 

while installing sensors both during construction and after opening of the bridge. The many 

issues apparent during construction of the bridge give credence to claims that poor approach slab 

performance in terms of settlement is commonly due to poor construction (Yasrobi et al. 2016, 

Dupont and Allen 2002). Improperly constructed bridge elements do not develop problems over 

time; rather, the problems are present from the very beginning and can impact service life 

immediately.  

In the case of Story County 118, a section of the concrete barrier rail was placed on the approach 

slab to allow for drainage continuity and to direct water away from the bridge abutments and 

deck joints. The plans show the concrete curb formed up to the end of the barrier to create a 

continuous vertical surface. However, it appears that the formwork used for the barrier end has 

left a gap in the curb where it meets the barrier at each of the four corners of the bridge (Figure 

4.40). Water will run through this gap into the embankment closer to the abutment than desired 

and avoid erosion control measures. 
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Figure 4.40. Story County 118—curb gap at the barrier end (typical) 

The Story County 118 bridge was opened to traffic with an open joint lacking joint filler at each 

end of both barriers, as shown in Figure 4.41. However, the bridge plans indicate an E joint in 

the concrete barrier wall between the main section and the approach slab section (Figure 4.42). 

Crackmeters were installed at these locations since it was apparent that no further work would be 

completed. The open joints will allow snow and ice to fill the gaps, possibly expanding and 

damaging the surrounding concrete. The longitudinal rebar in the barrier appeared to be 

continuous across the joint in multiple locations, likely due to shifting during formation of the 

barrier. Vertical cracking appeared one month after bridge opening in the barrier near the joint 

location. 
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Figure 4.41. Story County 118—open barrier joint (typical) 

 
Iowa DOT 

Figure 4.42. Iowa DOT E joint 

The approach slabs were poured directly onto the modified subbase fill without the use of the 4 

mil polyethylene sheeting specified in the approach plans (Figure 4.43). Due to the large 

aggregate used for the modified subbase, there is a concern the concrete has penetrated the voids 

around the individual pieces and will cause an interlocking effect when the slab attempts to slide. 

This potential issue will become more apparent as time goes on and the tied approach connection 

is forced open by a slab that will not move as it was designed. 
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Figure 4.43. Story County 118—approach slab modified subbase condition immediately 

before concrete pouring 

The cause for most concern was a large void under the south abutment discovered in January 

2019 while attaching wires to the bridge exterior (Figure 4.44). A large portion of soil support 

under the northwest corner of the south abutment had eroded, leaving a large space many feet 

deep in the abutment footprint and at least 1 ft tall. 

 

Figure 4.44. Story County 118—large void under the south abutment corner 
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Rebar was clearly visible protruding from the bottom of the abutment, along with one of the 

foundation piles (Figure 4.45). A ribbed drainpipe ended directly at the void location, but it was 

unclear where it came from or if it was the reason for the erosion. The Iowa DOT was notified of 

the issue and inspected the area of concern. 

 

Figure 4.45. Story County 118—visible exposed rebar and foundation pile 

4.4. Polk County 120 

Polk County 120 is a reconstruction bridge located in Polk County, Iowa, and was chosen for 

monitoring due to its tied approach slabs. The improvement work was for outside widening and 

repairs to the westbound of existing twin 710 ft 6 in. long by 62 ft 4 in. wide prestressed concrete 

bridges on I-80/I-35 over the Des Moines River. The skew angle of the bridge is 15 degrees. 

Also, the bridge uses semi-integral abutments at both ends, with approach slabs attached using 

tie bars. Each approach slab is supported by an inverted-T sleeper slab at the other end (Figure 

4.46). The sleeper slabs exist to support the end of the approach slab away from the deck and 

minimize the effects of settlement of fill below the slab.  
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Iowa DOT 

Figure 4.46. Polk County 120—approach slab section and dimensions 

The instrumentation plan can be seen in Figure 4.47. Both the west and east end of the bridge 

were outfitted with identical sensors. Due to the symmetric nature of the bridge, it was expected 

that the behavior at both ends would be identical. Strain gauges were placed throughout the slab 

across the width and at both ends near the abutment. These gauges were expected to capture 

axial strain and force in the slab due to temperature effects, along with any bending.  

 

Figure 4.47. Polk County 120—approach slab instrumentation plan 

Two strain gauges were also placed on the tie bars connecting the approach slab to the abutment 

in an attempt to capture the axial forces in those bars, as shown in Figure 4.48. A total of eight 

strain gauges were placed in each approach slab. Two crackmeters were installed at each bridge 

end to measure joint movement of both the abutment-to-approach-slab joint and the approach-

slab-to-sleeper-slab joint. 
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Figure 4.48. Polk County 120—strain gauges in tie 

4.4.1. Polk County 120 Strain Gauge Installation Process 

Strain gauges were installed in a layout similar to that of the previous bridges. Eight strain 

gauges were zip-tied to longitudinal bars to measure strains in the longitudinal direction. Two 

gauges were placed on the bars tying the approach slab to the bridge abutment. The tie bars are 

bent where they exit the abutment, and strain gauges were attached as close to the joint as 

possible to measure axial strains in the bars (Figure 4.49). 

 

Figure 4.49. Polk County 120—strain gauges installed on the longitudinal rebar and tie 

bars 

4.4.2. Polk County 120 Crackmeter Installation Process 

Four crackmeters were placed over the joints between the approach slab and the abutment 

(Figure 4.50). The installation process consisted of placing a foam block prior to the concrete 
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pour to create a pocket so that the crackmeter could be placed later. A metal cover was used to 

close the pocket and protect the crackmeter after installation. 

  
(a) Foam placed for crackmeter installation (b) Crackmeter installation 

Figure 4.50. Polk County 120—crackmeter installation across the abutment-to-approach-

slab joint 

4.4.3. Polk County 120 Datalogger Installation 

After all of the instrumentation was installed, the wires from all sensors were tacked to the 

bridge to organize them, and the lengths were cut at a central location that would be the future 

location of the datalogger. The datalogger was installed on November 19, 2020, in reasonable 

temperatures and without any precipitation. 

4.4.4. Polk County 120 Data Collection and Processing 

Data were retrieved from the datalogger on March 19, 2023. Air temperatures were taken by the 

datalogger itself, which was placed on the abutment face, protected from sunlight. The minimum 

air temperature reached was -8°F on February 16, 2021, and the maximum air temperature of 

91°F was reached on July 23, 2022 (Figure 4.51). Concrete temperatures in the east and west 

ends were taken by averaging the strain gauge temperatures and are included in the plot with the 

air temperatures. Concrete has a thermal lag due to its insulation properties and does not react to 

changes in air temperature immediately. The maximum temperature in the approach slab was 

97°F, 6°F higher than the maximum air temperature; the minimum temperature in the approach 

slab was 10.5°F, 18.5°F higher than the minimum air temperature. 
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Figure 4.51. Polk County 120—air and concrete slab temperatures 

Figure 4.52 and Figure 4.53 show joint expansion versus concrete temperatures to visualize joint 

movement with expansion and contraction of the bridge. Positive values correspond to bridge 

contraction, in which the approach slab pulls away from the sleeper slab. As can be seen in the 

figures, overall the joints between the approach slabs and sleeper slabs appear to be functioning 

correctly in terms of the movement that is supposed to be accommodated at those locations. The 

movement between the approach slab and the abutment was found to be significantly low, 

indicating a good connection. A strong linear relationship with temperature for gauges EAC4 and 

WAC4 indicates that the joint opens and closes depending on expansion and contraction of the 

bridge. As the temperature decreases, the bridge contracts and pulls on the approach slab, 

inducing tension.  

 

Figure 4.52. Polk County 120—measured longitudinal bridge expansion at east end 
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Figure 4.53. Polk County 120—measured longitudinal bridge expansion at west end 

Plots of data from each gauge are not included here for the sake of brevity, but a representative 

set of data from gauges EA5 and EA6 at the east and west abutments can be seen in Figure 4.54 

and Figure 4.55. It was found that the recorded strains ranged from -150 to 160 µε.  

 

Figure 4.54. Polk County 120—measured strains, EA5 and EA6  
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Figure 4.55. Polk County 120—measured strains, WA5 and WA6 

A linear trend was found between strains and temperatures, which was also observed for the 

gauges in other locations (Figure 4.56 through Figure 4.59).  

 

Figure 4.56. Polk County 120—measured strains, EA7 and EA8  
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Figure 4.57. Polk County 120—measured strains, WA7 and WA8  

 

 

Figure 4.58. Polk County 120—measured strains, EA10 and EA11  
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Figure 4.59. Polk County 120—measured strains, WA10 and WA11  

The plots of strains versus temperatures in the abutment ties can be seen in Figure 4.60 and 

Figure 4.61. As can be observed in the figures, the strains ranged from -135 to 155 µε, indicating 

a good connection between the abutment and the approach. 

 

Figure 4.60. Polk County 120—measured strains in the ties, EA4 and EA9  
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Figure 4.61. Polk County 120—measured strains in the ties, WA4 and WA9  

4.5. Butler County 118 

Butler County 118 is a new construction bridge located on IA 3 over the West Fork Cedar River 

in Butler County, Iowa. The bridge is 498 ft long and 44 ft wide with five spans and a skew 

angle of 15 degrees. It was selected for monitoring due to the adjusted design used for one of the 

abutments.  

In this bridge, the west abutment was designed as an integral abutment, while the east abutment 

was constructed as a semi-stub abutment. In the design process, the second pier was fixed such 

that the presumed thermal expansion length to the east abutment was 325 ft. If this bridge were 

symmetrical with respect to the fixed pier/east abutment, the bridge length would equal 2 × 325 

ft = 650 ft, which, according to current practice, would require stub abutments. However, the 

design team wanted to choose an abutment type for the east side of the Butler County 118 bridge 

that had the potential to replace stub abutments for even longer structures (e.g., +1,000 ft bridge 

lengths). Therefore, they developed the semi-stub abutment for this purpose featuring the 

following details: 

• The approach slab is tied. 

• An inverted-T sleeper slab is used similar to that used in Road Design Standard BR-205. The 

sleeper slab has a spread footing with no pile support. 

• The expansion joint at the sleeper slab is a preformed, precompressed, self-expanding sealant 

system with a silicone precoated surface. 

• The abutment wings are pushed out, and the barrier rail is mounted on the approach slab 

rather than the wings. 

• The gap between the abutment diaphragm and backwall is 7 in. to provide some working 

room for the contractor, considering the total estimated thermal movement of 2.5 in. 

• The approach slab was designed not to bear on the backwall. This should help to prevent a 

pivot point that would be detrimental to the approach slab tie bar and would likely open the 

gap between the approach slab and the bridge deck, creating more leakage. Two layers of 1 
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in. by 2 ft wide resilient joint filler for the full width of the approach slab are incorporated to 

maintain the gap between the top of the backwall and the approach slab. 

• The backwall is simply designed to keep earth pressure off of the superstructure, which 

should help prevent ratcheting for skewed bridges. 

• At a minimum, the backwall is designed for at-rest horizontal earth pressure and a horizontal 

live load surcharge (even though it is unlikely that a live load surcharge would ever be 

present).  

• To prevent fill from spilling from between the top of the backwall and the approach slab onto 

the beam seat, a butyl rubber membrane was fastened with waterproof adhesives to the soil 

surface of the backwall all the way to the bottom of the resilient joint filler. 

• Hooked bars in the joint filler and butyl membrane were used to attach those components to 

the embankment fill so they would not be displaced when the approach slab concrete was 

poured.  

The overall configuration of the east approach slab as well as the east and west abutment sections 

are provided in Figure 4.62. 

 
East approach slab section 

   
West abutment East abutment 

Iowa DOT 

Figure 4.62. Butler County 118—approach slab section and dimensions 
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The instrumentation plan can be seen in Figure 4.63. Both the west and east ends of the bridge 

were outfitted with identical sensors. Six strain gauges were placed throughout the slab across 

the width and at each end near the abutment. Another four strain gauges were placed close to the 

approach-slab-to-sleeper-slab joint at each end. These gauges were expected to capture axial 

strain and force in the slab due to temperature effects, along with any bending. A total of ten 

strain gauges were placed in each approach slab. Two crackmeters were also installed at each 

bridge end to measure movement in the approach-slab-to-abutment joint. 

 

Figure 4.63. Butler County 118—approach slab instrumentation plan 

4.5.1. Butler County 118 Strain Gauge Installation Process 

Strain gauges were installed in a layout similar to that used for the previous bridges. Ten strain 

gauges were zip-tied to the top and bottom longitudinal bars to measure strains in the 

longitudinal direction. Figure 4.64 shows some photographs from the strain gauge installation 

process on the Butler County 118 bridge.  
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East side West side 

Figure 4.64. Butler County 118—strain gauges installed on the longitudinal rebars 

4.5.2. Butler County 118 Crackmeter Installation Process 

Two crackmeters were placed over the joints between the approach slab and the abutment 

(Figure 4.65). The installation process consisted of placing a foam block prior to concrete 

placement to create a pocket so that the crackmeter could be placed later. A wooden cover was 

used to close the pocket and protect the crackmeter after installation. 

  
Foam placed for crackmeter installation Crackmeter installation 

Figure 4.65. Butler County 118—crackmeter installation across the abutment-to-approach-

slab joint 

4.5.3. Butler County 118 Datalogger Installation 

After all of the instrumentation was installed, the wires were run though the bridge ends to 

dataloggers placed at west and east ends. The dataloggers were installed on October 21, 2021, in 

reasonable temperatures and without any precipitation. 
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4.5.4. Butler County 118 Data Collection and Processing 

Data were retrieved from the datalogger on May 30, 2023. Air temperatures were taken by the 

dataloggers, which were placed on the abutment faces, protected from sunlight. The minimum air 

temperature reached was -10°F on January 26, 2022, and the maximum air temperature of 88°F 

was reached on May 12, 2022 (Figure 4.66). Concrete temperatures in the east and west ends 

were taken by averaging the strain gauge temperatures and are included in the plot with the air 

temperatures. Concrete has a thermal lag due to its insulation properties and does not react to 

changes in air temperature immediately. The maximum temperature in the approach slab was 

98°F, 10°F higher than the maximum air temperature; the minimum temperature in the approach 

slab was 2.8°F, 12.8°F higher than the minimum air temperature. 

 

Figure 4.66. Butler County 118—air and concrete slab temperatures 

Figure 4.67 and Figure 4.68 show approach-slab-to-bridge-deck joint expansion versus concrete 

temperatures to visualize joint movement with expansion and contraction of the bridge. Positive 

values correspond to bridge contraction, in which the approach slab pulls away from the sleeper 

slab. The movement between the approach slab and the abutment is between -1.2 to 1.0 in. at the 

east side and between -0.3 to 0.8 in. at the west side. A strong linear relationship with 

temperature indicates that the joint opens and closes with the movement of the bridge. 



 

141 

 

Figure 4.67. Butler County 118—measured longitudinal bridge expansion at east end 

 

Figure 4.68. Butler County 118—measured longitudinal bridge expansion at west end 

Figure 4.69 shows the strain versus temperature plots of the sensors close to the approach-slab-

to-sleeper-slab joints. All of the graphs follow an almost linear trend, indicating high tensile 

strains corresponding to low temperatures and high compressive strains corresponding to high 

temperatures. The strain recordings in the middle part of the joint and the corners cover similar 

ranges from -160 µε to 130 µε.  
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East Approach Slab Middle Part 

 
West Approach Slab Middle Part 

 
East Approach Slab Corners 

Figure 4.69. Butler County 118—measured strains at the approach-slab-to-sleeper-slab 

joint 
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The strain data versus temperature plots at the joints between the approach slab and the bridge 

deck for the middle part of the approach slabs are shown in Figure 4.70. The bottom bars at both 

ends show normal behavior, with linear trends that correspond reasonably to high and low 

temperatures. The east side bottom bars show strains ranging from -80 µε to 180 µε, which is a 

slightly larger range compared to the west side bottom bars.  

 
East Approach Slab 

 
West Approach Slab 

Figure 4.70. Butler County 118—measured strains at the approach-slab-to-bridge-deck 

joint, middle 

Figure 4.71 presents the same plots for the acute and obtuse corners of the approach slabs. The 

east side corners show different patterns with respect to temperature. The top and bottom bars at 

the acute corners show almost linear behavior. The bottom bars mainly show compressive strains 

after the first cycle of cold and warm temperatures, while the top bars are mainly in tension even 

at high temperatures. As such, the strains in the bottom and top bars of the acute corners range 
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Figure 5.51. Shelby County 118—model geometry and boundary conditions 

5.4.2. Shelby County 118 FE Results 

The objective of the Shelby County 118 FE analysis was to further examine the effect of skew on 

a tied approach connection. As described in Section 6.2.3, a parametric study was completed 

using the Story County bridge as a base model and analyzing skews of 0, 15, and 30 degrees. It 

was found that the forces and stresses in the tie bars are, in general, distributed evenly across the 

tied joint for a rectangular slab with no skew. As the skew increases, the force distribution shifts 

and a gradient forms across the joint. The Shelby County 118 FE analysis examined the same 

concept for an extreme case of skew of 55 degrees.  

The load-displacement curve presented in Figure 5.52 shows that the total force required to pull 

the slab during bridge contraction is 240 kips. The maximum shear force in any single one of the 

22 tie bars is 16.8 kips, and the minimum is 4.1 kips. As expected, the maximum shear force 

occurs in the end bar at the acute bridge corner.  
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Figure 5.52. Shelby County 118—load displacement plot 

The maximum principal concrete stress in the surface of the approach slab is shown in the 

contour plot in Figure 5.53. The contours follows the trends seen in the parametric study on skew 

angle for the Story County bridge. The maximum value occurs along the side of the slab on the 

longer side corresponding to the acute slab corner. The stress of 235 psi does not exceed the 

rupture modulus of 480 psi per the AASHTO LRFD Bridge Design Specifications. 

 

Figure 5.53. Shelby County 118—maximum principal stress 
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Trends in the force required to pull the slab are generally evident in the von Mises stress 

experienced by the tie bars. In the case of vertical bars, the shear force in the longitudinal 

direction accounts for the majority of the total stress. The von Mises stress distribution for all 22 

bars is presented in Figure 5.54.  

 

Figure 5.54. Shelby County 118—von Mises stress distribution 

The stress distribution shows that the stress after the application of gravity to the model (the first 

loading step) is under 5 ksi for every bar. Some axial force remains in the bars during bridge 

contractions, as the maximum axial force in any single bar reached 8.7 kips. The transverse shear 

in the direction perpendicular to the bridge centerline shows opposite signs for bars at either end 

of the joint, since the slab contracts and attempts to pull the bars toward the middle. The von 

Mises stress in the bars ranges from 27.8 ksi to 1 ksi, illustrating a significant difference in 

magnitudes among the bars across the joint. Although the magnitudes observed in the Story 

County and Shelby County bridge models are not directly comparable due to differences in slab 

size and the number of tie bars used, the distribution plots for the Story County 30 degree skew 

model and the Shelby County 55 degree skew model both show that bar stresses are distributed 

throughout the range between maximum and minimum stresses. 

5.5. Washington County FE Model 

5.5.1. Purpose and Background 

An important aspect of determining future changes to design details is the review and monitoring 

of previously built structures. During the routine inspections performed each year on Iowa’s 

bridges, it has been noted that the approach slabs for a specific bridge in Washington County, 

Iowa, are experiencing issues such as spalling. As this bridge, which consists of precast approach 

slabs tied to an integral abutment, fits the scope outlined for this project, it was identified as a 
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useful subject for further inspection. As shown in Figure 5.55, the approach slabs for this bridge 

have experienced severe spalling directly above the tied connection dowels between the 

abutment and the approach slab. 

 

Figure 5.55. Washington County—south approach slab spalling location 

The information found in the literature review indicates that this type of concrete failure at the 

connection point is possibly due to excess settlement. As the slab settles, it begins to rotate 

around the corner of the abutment seat. It is theorized that this behavior creates tensile stresses 

within the embedded connection dowels as the dowels attempt to hold the two pieces of concrete 

together. In turn, this could possibly create areas of high tensile stress concentration, which may 

result in concrete failure and pull-out of the connection dowels from the concrete. It was 

determined that a finite element investigation into the impact of settlement on this failure area 

may provide insight into why this failure occurred. 

5.5.2. Design Details 

Bridge 606890, the subject of this study, is a pretensioned prestressed concrete beam bridge with 

a total span length of 180 ft 6 in. and a width of 40 ft. The location is shown in Figure 5.56.  
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Figure 5.56. Bridge 606890 location map 

The bridge was originally built in 1997 with integral abutments following Iowa DOT design 296. 

In 2012, the current tied approach slabs were installed following Iowa DOT design 210. The 

approach slab itself features six precast slabs connected to one another via dowels (Figure 5.57), 

and the slab adjacent to the abutment is connected to the integral abutment via angled dowels 

(Figure 5.58).  
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Figure 5.57. Washington County—general layout of precast panels 

 

Figure 5.58. Washington County—layout of precast panels at abutment 

There is no sleeper slab present in this design, and the slab is intended to slide across the 

underlying subbase as the bridge expands and contracts throughout the year. It is important to 

note that the design details utilized for this approach slab are not completely indicative of the 

standard design details used in most Iowa DOT approach slabs. Compared to those used in the 
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Story County and Jasper County models, these approach slabs use fewer connection dowels, a 

stronger (5 ksi) precast concrete, and a subbase consisting of a 2 in. sand cushion, which may be 

subject to higher levels of settlement compared to the standard modified subbase used for most 

approach slabs. 

The tied dowels consist of eighteen 3/4 in. stainless steel bars embedded at an angle into both the 

approach slab and the abutment paving notch, and the approach slab itself rests upon a 2 in. sand 

cushion (Figure 5.59). The tied dowels are specified as having a 7 in. embedment into the 

approach slab and a 10 in. embedment into the abutment. The exact angle of the dowel itself is 

not given in either this plan set or the Iowa DOT design standard and was assumed based on the 

angle used in the Story County bridge. The required cover for the tied dowels is also not 

specified; it was assumed to be 2 in. per the standard cover specified in the general notes of the 

plan set. The abutment consists of 3.5 ksi concrete, and the precast approach slab panels consist 

of 5 ksi concrete.  

 

Figure 5.59. Washington County—longitudinal section of approach and abutment 

All reinforcing steel for the bridge, abutment, and approach slab is indicated as 60 ksi steel 

(Figure 5.60). Connecting each of the precast panels is a set of EF joints with 1 1/2 in. plain 

round dowels with an expansion tube. 
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Figure 5.60. Washington County—rebar layout for Panel 1A 

5.5.3. Finite Modeling Procedure 

A base finite element model for the tied approach slabs in Bridge 606890 was created following 

the correlations and precedents set by the previous studies described in Sections 6.1 through 6.3 

comparing field data to finite element models. By following a similar set of finite element 

modeling procedures and design considerations, it is reasonable to assume that, should these 

models exhibit behavior and stress distributions similar to those observed in the previous studies, 

the values given in the output should be an accurate representation of this approach slab. The 

goal of this study was to simulate and investigate the effect of the approach slab’s settlement on 

the performance of the approach slab. Specifically, a key area of focus was the joint connecting 

the approach slab to the abutment, where clear signs of concrete failure occurred. Keeping with 

the previous studies, these models and their subsequent analyses were created and run in 

ABAQUS. 

Instead of modeling the entire bridge, an effort that would drastically increase the runtime of the 

analysis, the base model for this approach slab consisted of the approach slab, the uppermost part 

of the abutment, the longitudinal and transverse slab reinforcement, the sand cushion beneath the 

slab, and the tied dowels connecting the abutment and the approach slab. The sand cushion was 

modeled via a thin shear layer and a series of linear springs, as with the Jasper County and Story 
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County models. The purpose of this model was to represent the approach slab, abutment, and 

connection as they were installed and currently operate in the field. Therefore, all approach slab 

elements were drawn with respect to the approach’s plan set, and the abutment dimensions were 

obtained from the bridge’s original plan set. 

To simplify the geometry of this model, approach slab segments 1A, 2A, and 1S and the two 

shoulder slabs were drawn as one uniform mass. Since the segments were designed to function as 

a continuous slab following installation, this was intended to give an accurate representation of 

the approach slab’s geometry. In addition, the shape of the complete slab was approximated with 

all sides at right angles to allow for better meshing. Because the main concerns of this model 

were the concrete and tied dowels near the slab-abutment connection, the precast segments on 

the other side of the EF joint were ignored, as a majority of the critical stress in the model should 

be a result of the applied movement from the bridge deck. The final shape of the approach slab is 

41 ft 10 in. wide and 15 ft 8 1/2 in. long at the EF joint with a depth of 10 in. throughout the slab. 

As noted above, the abutment geometry was drawn based on the original plan set from 1997. In 

an effort to simplify the model, the abutment geometry focused on the integral section and the 

approach slab seat; the abutment was cut below these areas of study and replaced with a 

boundary condition to simulate the support its embedment in the soil would provide. 

To fully represent the impact of the reinforcing steel, all reinforcement was drawn with wire-

truss elements to allow for a more useful model of stress distribution throughout the slab (Figure 

5.61). In addition, each of the 18 connection dowels were modeled as wire-beam elements to 

allow for the full transmission of forces between the integral abutment and the approach slab. 

 

Figure 5.61. Washington County—rebar and connection dowels 
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Per the 2012 plan set for the approach slab, the compressive strength for this concrete was 

modeled as 5,000 psi. In addition, a Young’s modulus of 3,605 ksi and a Poisson’s ratio of 0.3 

were used for linear-elastic behavior, and a density of 150 pcf was used for the slab concrete. Per 

the original plan set from 1997, concrete with a compressive strength of 3,500 psi was used for 

the modeled abutment. The material properties for the sand were determined based on standard 

values used by the Iowa DOT and numbers found in other literature. 

To further cut down on analysis runtime, each model part was meshed separately (Figure 5.62). 

In addition, this allowed for the areas of particular interest (the approach slab and the dowels) to 

be meshed finer than the rest of the model, creating a more accurate representation of the internal 

stresses and strains within these critical parts. The connection dowels and concrete slab were 

meshed on a 1 in. grid, the abutment on a 4 in. grid, and the sand layer on a 2 in. grid. 

 

Figure 5.62. Washington County—general layout and meshing of model components 

Loading for this model consisted of gravity and the maximum number of HL-93 load trucks that 

the approach slab would experience in the field. In this case, the maximum loading scenario for 

this approach slab would consist of two HL-93 trucks driving across the approach slab 

simultaneously. Each truck was modeled as two distributed strip loads of 36 kips each, totaling 

72 kips for each truck (Figure 5.63). By evenly distributing these loads across the entire length of 

the slab, the analysis results were expected to be more representative of a slab settling slowly 

over time. Utilizing the same approach for the Jasper County and Story County models, a bed of 

linear springs was used to model the settlement of the slab as the loading condition was applied. 
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Figure 5.63. Washington County—loading scenario 

5.5.4. Finite Element Study and Results 

As with the previous analyses, an initial baseline model was run to determine how the model 

would behave assuming appropriate soil stiffness and minimal settlement. Following the stiffness 

values used for the previous models, a modulus of subgrade reaction of 250 pcf was used to 

calibrate the linear springs underneath the slab. This baseline model was run utilizing 

ABAQUS’s Concrete Damaged Plasticity behavior to document any failures within the concrete. 

As expected, this model displayed behavior similar to that of the Jasper County model. Because 

there is no sleeper slab to support the far end of the approach slab, the forces within the 

connection joint start to increase as soon as the slab begins to settle. Although the complete 

vertical displacement for this model only resulted in 0.014 in. at the far end of the slab, the 

maximum concrete tensile stresses within the connection joint were recorded as 181 psi (Figure 

5.64). Due to the fact that the concrete used in this approach slab has a strength of 5 ksi 

compared to the lower strength of 4 ksi for the concrete used in the previous two models, it was 

expected that the Washington County model would reach a higher tensile value prior to cracking 

or damage.  
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Figure 5.64. Washington County—stress concentrations on bottom of slab 

Peak stresses of note elsewhere in the model occurred in the concrete along the top surface of the 

slab (Figure 5.65), likely as a result of the connection dowels attempting to restrict the rotation of 

the slab at the abutment seat. However, the highest stress value reached was only 43 psi. 

 

Figure 5.65. Washington County—areas of tensile stress on top surface of approach slab 

Following the establishment of this base model, the stiffness value of the linear springs was 

reduced to simulate soil settlement in the model. However, as with the Jasper County model, the 

stress concentrations at the connection dowels led to failure at a mere 0.052 in. of settlement with 

a peak tensile stress of 524 psi (Figure 5.66). These results imply that significant forces are 

created in the connection joint should any settlement of the slab occur. This comes as a stark 

contrast to the voiding scenario observed with the Story County model, which is assumed to be 

supported on the far end by the sleeper slab.  
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Figure 5.66. Concrete failure in Washington County connection joint 

The stress concentrations and damage output provided by this FE model (Figure 5.67) may 

provide some insight into the failure observed in the Washington County field approach slabs.  

 

Figure 5.67. Washington County—stress concentrations in dowels and precast panels 
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While this model appears credible given the similarity of the failure observed in the model to the 

failure exhibited in the field, it is important to consider how the stress distributions in the 

approach slab would have developed in other circumstances. It is entirely possible that the stress 

concentrations displayed in the connection joint for the FE model are higher than those in the 

field slab. Unfortunately, the addition of damage parameters to the FE model creates an 

instability once several parts of the model begin to fail, and this leads to convergence issues.  

Because these convergence issues do not allow the model to continue applying load after these 

failures, one option to further investigate stress distributions is to change the model to assume 

that the concrete in the slab exhibits linear-elastic behavior. Doing so would allow the model to 

continue to run following the point where the previous model failed due to tensile cracking. By 

noting the point at which different parts of the model reach appropriate levels of stress and strain 

to facilitate cracking, it is still possible to infer the point at which this approach slab begins to 

experience cracking at the connection joint. 

After reformatting the model to assume a linear-elastic concrete, no other convergence issues 

were noted. The linear springs were calibrated with the applied load to provide a theoretical 

settlement of 1 in. to match the assumed settlement that the Washington County approach slab 

underwent prior to being mudjacked back to its original height. Following the completion of the 

simulation, the far, unsupported end of the slab settled 0.96 in. (Figure 5.68). The maximum 

principal stresses occurred in the same areas as those in the original iteration of the model.  

 

Figure 5.68. Washington County—approach slab settlement 
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Aside from the stress concentrations observed at the connection joint, 1 in. of settlement resulted 

in a concrete tensile stress of 475 psi in the area above the paving notch, where cracking was 

observed in the field (Figure 5.69). The high amount of tensile stress in this area is likely a result 

of the connection dowels restricting rotation of the slab. As the slab settles on one side and the 

connection dowels prevent this rotation, the top of the slab is put in flexure and subject to stress 

concentrations. 

 

Figure 5.69. Washington County—stress concentrations after approach slab settlement 

Based on the results presented for the FE models of the Washington County approach slabs, it 

appears that excessive settlement played a role in the premature tensile cracking observed at the 

tied connection joint between the approach slab and the integral abutment. As the approach slab 

settled during its first year or two of service, the portion of the slab sitting on top of the paving 

notch attempted to rotate and move upward from the face of the abutment seat. Due to the 

restraint placed on this rotation by the steel dowels embedded in the concrete of both the 

approach and the abutment, stress concentrations formed in two areas. The first of these forces 

was the result of the embedded dowel pulling on the underside of the slab as it attempted to 

rotate upward. The results of the FE modeling indicate that the forces due to this behavior 

became evident quickly, which may provide evidence as to why this approach slab connection 

experienced such significant cracking so soon after its initial construction. The second set of 

forces, again resulting from the embedded dowels, did not become especially notable until the 

slab had settled a maximum of approximately 1 in. Again, these forces appeared roughly in the 

same area as the spalled concrete in the field slab. As such, it is likely that the combination of 

excessive settlement and the resistance provided by the connection dowels created high stress 

concentrations that resulted in the concrete cracking observed in the field slab. 
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS 

The objectives outlined in Chapter 1 provide a path to make important conclusions based on the 

completed work. The conclusions presented in this chapter are separated by the research task for 

which they were completed. 

6.1. Literature Review 

Much of the literature documented innovative approach slab and abutment details studied by 

other investigators with the goal of providing state DOTs and other transportation agencies with 

valuable information on the performance of said details. The main conclusions drawn from the 

comprehensive literature review described in this report are summarized below.  

Many states are currently attempting to find ways to achieve the benefits of integral and semi-

integral abutments while avoiding the issues associated with long bridges or high skew angles. 

One such example is the so-called Virginia Abutment used by VDOT, which employs an integral 

backwall separated from another backwall by a large void. A joint is placed at the end of the 

bridge, but the design prevents any water from reaching the bearings. The separation of the first 

backwall from the soil backfill eliminates most of the issues associated with integral abutments, 

especially for long bridges or those with high skews. The large void between the double 

backwalls allows easy drainage and maintenance, since it is large enough and open on the sides 

of the bridge to allow for clearing of debris. The concept of the Virginia Abutment would 

improve performance for bridges with conventional bearings, but it would not be necessary for 

situations where other abutment types would be acceptable that have less complexity in terms of 

constructability. 

The deck-over-backwall concept is another abutment and approach slab detail that aims to 

realize the benefits of integral construction, including the elimination of a traditional joint at the 

deck end while also trying to eliminate the expansion of the bridge into the backfill. Research 

conducted by MDOT provides an example of deck-over-backwall construction that uses a layer 

of expanded polystyrene between the backwall top surface and the approach slab. The Butler 

County 118 demonstration bridge documented in Section 5.5 incorporates the deck-over-

backwall concept at the east abutment. 

VDOT uses an abutment type hierarchy for new bridge designs. Based on length and skew 

limitations, the process prioritizes integral abutments, semi-integral abutments, the deck-over-

backwall concept, and finally the Virginia Abutment. The Iowa DOT provides a set of 

limitations on the use of integral abutments, but development of a similar hierarchy after 

finalizing investigation of new abutment details would prove beneficial in ensuring that a 

consistent and effective abutment type is chosen for a given project. 

Corbels used to support the approach slab should be avoided if possible. The use of a corbel 

increases the difficulty of attaining proper backfill compaction next to the abutment, a key 

component of minimizing approach slab settlement. The Iowa DOT J-series bridge standards are 
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an example of the use of a paving notch as a part of the abutment. However, Story County 118 

and the Iowa DOT H-series bridge standards include the use of a corbel. Corbels may not be 

eliminated easily for semi-integral abutment conversions in which the footing width of the 

existing abutment is predetermined. 

Inclined tie bars are recommended for use with semi-integral abutments to allow approach slab 

rotation at the tied joint. Backfill settlement under the approach slab inevitably leads to a rotation 

at the end of the slab, which is best accommodated by inclined bars that do not transfer moment. 

Buttresses and other bridge end guidance methods restrict thermal expansion to the longitudinal 

axis. Skewed bridges experience lateral earth pressure forces that cause rotation of the entire 

bridge superstructure after repeated thermal loading cycles. Transverse displacement complicates 

the behavior of tied approach slabs and other detailing aspects that may best be controlled by 

restricting expansion to the longitudinal axis.  

The Iowa DOT BR-205 Standard Road Plan includes the use of a sleeper slab to support one end 

of the approach slab. A perforated subdrain is used under the EF joint in one direction from the 

sleeper slab and behind the abutment in the other direction from the sleeper slab. A joint exists 

between the approach slab and sleeper slab for which there is no subdrain. The formed curb at 

the side of the approach slab and sleeper slab is not continuous over the joint. An example from 

the literature shows drain collector pipes placed at the base of the sleeper slab. The lack of a 

subdrain at the sleeper slab for a tied approach slab conflicts with the design intent of having the 

entire bridge expansion accommodated at that location. The large movements expected at this 

location increase the possibility of surface water infiltration over time. 

Approach slabs are designed to span the distance between the abutment and sleeper slab should a 

loss of support from the backfill occur. Sleeper slabs are placed on the same backfill material, so 

it follows that they may be susceptible to similar issues with settlement. It has been shown that a 

thicker approach slab (e.g., 16 in.) and sleeper slab supported by soil reinforced with two geogrid 

layers improved the road profile. Settlement of sleeper slabs was not found to be a critical 

parameter, but improvement of the soil support for the sleeper slab may be an option should the 

issue arise. 

The abutment backfill details for the bridges assessed during the field monitoring portion of this 

research use a geotextile layer placed behind the abutment before filling with porous backfill. 

The geotextile is described as “permeable” per Iowa DOT IM 4196.01, which would allow for a 

hydraulic short circuit should drainage become blocked. Water would make its way underneath 

the abutment, possibly reaching the foundation piles. A geomembrane has been used in a similar 

manner to prevent such a hydraulic short circuit. However, the design choice of a geotextile may 

have been made in anticipation of blocked drainage to prevent accumulation of water behind the 

abutment. The choice of material should be evaluated with regard to the design intent. 
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6.2. Inspections 

Seven different bridge designs that used tied approach slabs, including nine different structures, 

were inspected for condition as it relates to service life. The 1/4 in. preformed tied approach 

joints used at every location measured between 3/8 in. and 1 5/8 in. The joints were found to be 

opening over time and not performing as intended. Decreased joint widths at the opposite ends of 

the approach slabs highlight the fact that the approach slabs are shifting away from the tied 

connection. Multiple bridges using the Iowa DOT BR-205 Standard Road Plan have been let 

within the past few years. The road plan includes the use of a tied approach with vertical paving 

notch dowels. Future inspections should be completed to determine the effectiveness of the tied 

approach joints. Ideally, inspections would take place at least one year after initial construction 

to allow the bridges to experience one full seasonal temperature cycle. 

The condition and performance of the joints between the wingwalls and the approach slab curbs 

appeared unsatisfactory on multiple occasions. Noted problems included a 6 in. deep void at the 

intersection of the approach to the deck joint and wingwall, separation of the approach slab and 

wingwall and opening of the joint, concrete cracking at the beginning of the approach slab curb, 

and frequent poor drainage resulting in buildup of debris at the beginning of the curb. The poor 

performance of the joints between the wingwalls and the approach slabs together with 

recommendations made based on a review of the literature indicate that barrier rails should be 

placed on top of the approach slab when the approach slabs are tied to the abutments. Strip seals 

are recommended for new construction of integral and semi-integral abutments. An example of a 

curb “kick-up” detail is provided, and a similar detail would be required to accommodate the 

continuous curb on the sleeper slab. 

Abutment drainage was largely free of debris and able to drain water from behind the abutments 

should it infiltrate the deck joints. A single bridge, 310 Jasper Southbound (reconstructed in 

2010), had drain exits for which the openings were reasonably close to the abutment and blocked 

by soil. 

6.3. Field Monitoring 

Field monitoring was completed for four different bridges in Iowa. The first was Jasper County 

118, a 184×28 ft bridge with a 45 degree skew. The Jasper County 118 semi-integral abutment 

conversion was designed with the intent that the west abutment would be fixed and the east 

abutment would be moveable. Bridge displacement data captured by displacement transducers 

show movements of similar magnitudes for both abutments. Displacement transducers installed 

perpendicular to the bridge centerline measured transverse displacements equal to 81% and 

120% of the longitudinal displacements for the semi-integral abutment bridge with a 45 degree 

skew. 

Earth pressure sensors installed on the Jasper County 118 semi-integral abutment backwall just 

under the approach slab provided the range of pressures. The maximum pressure reached the 

calculated passive pressure value. A full yearly temperature cycle would prove invaluable for 

monitoring earth pressures during a warming period of bridge expansion. 
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The second bridge included for monitoring was Story County 118, a 375×60 ft integral abutment 

bridge with a 15 degree skew. Superstructure expansion of the Story County 118 bridge was 

captured using crackmeters installed at the tied approach joints and the approach-slab-to-sleeper-

slab joints at both ends of the bridge. Displacement transducers require a fixed reference point, 

which would have been difficult to provide in this case given the fact that the Story County 118 

bridge was new construction and embankment settlement can alter displacement readings. By 

assuming that the sleeper slabs are fixed in place, all expansion of the sleeper slabs and the 

superstructure was accounted for. 

Crackmeters mounted on the Story County 118 bridge barrier rails measured movement in the 

tied approach slab joints without placing sensors on the road surface. While the initial data show 

that the joints experience cyclic opening and closing due to bridge expansion, the behavior is not 

simply a linear response. It is postulated that long-term monitoring may reveal additional joint 

expansion. 

The third bridge included for monitoring was Polk County 120 over the Des Moines River that 

featured a 710.5×62 ft bridge deck with a skew angle of 15 degrees. The concrete temperatures 

in the east and west ends taken by averaging the temperatures measured by the strain gauges 

were plotted against the air temperatures measured by the datalogger. Joint expansion versus 

concrete temperature was also plotted, with positive values corresponding to bridge contraction, 

in which the approach slab pulls away from the sleeper slab. The movement between the 

approach slab and the abutment was found to be significantly low, indicating a good connection. 

A strong linear relationship with temperature indicates that the joint opens and closes depending 

on expansion and contraction of the bridge. As the temperature decreases, the bridge contracts 

and pulls on the approach slab, inducing tension. 

The fourth bridge included for monitoring was Butler County 118, a new construction bridge 

located in Butler County, Iowa, with improved design features in its abutments. The bridge is 

498 ft in length and 44 ft in width with five spans and a skew angle of 15 degrees. The west 

abutment was designed as an integral abutment, while the east abutment was constructed as a 

semi-stub abutment. This design decision was made to explore the potential for using semi-stub 

abutments in longer structures, possibly exceeding 1,000 ft in length. 

Strain gauges were placed throughout the approach slab to measure strains induced by 

temperature effects and bending. Crackmeters were also installed to measure movement in the 

approach-slab-to-bridge-deck joint. Data collected from the bridge revealed patterns, particularly 

in the behavior of the top bars of the east approach slab. The joint expansion between the 

approach slab and the bridge deck showed a strong linear relationship with temperature. Also, 

the approach-slab-to-sleeper-slab joint graphs showed almost linear trends, indicating high 

tensile strains corresponding to low temperatures and high compressive strains corresponding to 

high temperatures.  

The strain gauges close to the approach-slab-to-bridge-deck joint in the middle part of the 

approach slabs showed normal behavior in the bottom bars at both ends of the approach slabs, 

but the top bars on the east side exhibited high tensile strains, especially during warm weather. 

The strain plots for the acute and obtuse corners of the approach slabs indicated different patterns 
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on the east side, with the top bars at the acute corners consistently in tension and the bottom bars 

at the obtuse corners exhibiting normal behavior. The behavior recorded for the top bars in the 

east approach slab might be due to several factors, such as the presence of a minor transverse 

crack at the joint with the abutment and the working room gap between the abutment diaphragm 

and the backwall. The working room gap could possibly lead to a detrimental pivot point and 

crack development, which may be exacerbated by live loads and settlement effects. 

6.4. Finite Element Analysis 

Finite element models of bridge ends were developed to study the effect of bridge thermal 

movement and the response of the approach slabs. Various parameters, such as approach slab 

friction, soil stiffness, tie bar style, and bridge skew, were systematically investigated through FE 

simulations. 

Load-displacement curves produced for the Jasper County bridge approach slab with a tied 

connection show a lateral force in the tied joint of a similar magnitude to the longitudinal force. 

The force develops very quickly, with only a fraction of the maximum displacement required to 

realize the movement of the slab in both directions. Tied joint design should therefore account 

for large lateral forces. As mentioned previously, limiting bridge expansion in the transverse 

direction using buttresses could eliminate transverse displacement of the slab. Moreover, the 

results of additional models indicated that there were stress concentrations at this connection 

point. However, this was not deemed concerning because the stress levels were still reasonably 

low. 

Comparisons of the Story County bridge model with field monitoring data show similar 

magnitudes of strain induced in the tie bars. However, tied approach joint expansion was slightly 

underestimated in the model. The model shows a deformation in the tie bars before the strain 

reaches a plateau and the entire approach slab begins sliding. In contrast, continuous opening of 

the joint was observed in the instrumentation data.  

Furthermore, a series of FE models was generated to investigate how the Story County approach 

slabs would accommodate settlement and voiding conditions. A range of lengths, i.e., 5, 8, 10, 

13, and 16 ft, were used to gain insight into how the approach slab would fare when forced to 

span a variety of settlement trenches. The analysis revealed that the erosion void does not 

produce significant increases in tensile stress within the slab until the length reaches 

approximately 6 ft. Following this point, the results of the investigation determined that the 

approach slab would possibly experience tensile cracking at the connection joint with a 

settlement void length of 11 ft. It was also observed that transverse cracking would possibly 

begin to occur in the bottom of the slab with a void length of 16 ft. However, based on the void 

lengths observed in past studies, it is likely that the approach slab would be able to adequately 

span the voiding conditions typically observed in the field. 

Increasing the coefficients of friction between the concrete approach slab and soil only served to 

increase the total force required to pull the slab. The stresses in the tie bars also increased 

proportionally, while the force distribution across the bars remained relatively unchanged. The 
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uncertainties involved in estimating approach slab friction were shown to have minimal effect on 

how forces are carried by the bars. 

While soil stiffness did not affect the concrete or tie bar stresses during bridge contraction, it was 

found that stiffer soil can considerably increase concrete and tie bar stresses (i.e., maximum 

values) at the full range of thermal expansion. Inclined tie bars experienced lower stresses than 

vertical tie bars during bridge contraction while pulling the approach slab. Concrete stresses 

showed no notable trends with regard to bar orientation. 

Skew drastically changes the stress distribution in the tie bars across the tied approach joint. 

Force is shifted towards the acute approach slab corner/obtuse bridge corner. Stresses were 

simultaneously lowered in the obtuse slab corner, resulting in a greater range of stresses for 

increased skew angles. These results were consistent with the case of an extreme skew angle of 

55 degrees (which exceeds the current Iowa DOT skew limit of 45 degrees), for which the 

Shelby County bridge model exhibited a similar variation in stress in the tie bars across the width 

of the tied approach joint during bridge contraction. 

  

  



 

219 

REFERENCES 

Abu-Hejleh, N., D. Hanneman, T. Wang, and I. Ksouri. 2008. Evaluation and recommendations 

for flowfill and mechanically stabilized earth bridge approaches. Transportation 

Research Record: Journal of the Transportation Research Board, Vol. 2045, pp. 51–61.  

Aktan, H., and U. Attanayake. 2011. High Skew Link Slab Bridge System with Deck Sliding over 

Backwall or Backwall Sliding over Abutments: Part II. MDOT RC-1563. Western 

Michigan University, Kalamazoo, MI.  

Aktan, H., U. Attanayake, and E. Ulku. 2008. Combining Link Slab, Deck Sliding over Backwall, 

and Revising Bearings. MDOT RC-1514. Western Michigan University, Kalamazoo, MI. 

Arenas, A., G. Filz, and T. Cousins. 2013. Thermal Response of Integral Abutment Bridges with 

Mechanically Stabilized Earth Walls. Virginia Department of Transportation, Richmond, 

VA.  

Bakeer, R., N. Mattei, B. Almalik, S. Carr, and D. Homes. 2005. Evaluation of DOTD Semi-

Integral Bridge and Abutment System. Louisiana Transportation Research Center, 

Louisiana Department of Transportation and Development, Baton Rouge, LA. 

Biana, I. 2010. A semi-integral composite bridge of high skew. Bridge Engineering, Vol. 163, 

No. BE3, pp. 115–124. https://doi.org/10.1680/bren.2010.163.  

Bonczar, C., S. Brena, S. Civjan, J. DeJong, B. Crellin, and D. Crovo. 2005. Field data and FEM 

modeling of the Orange-Wendell Bridge. Integral Abutment and Jointless Bridges (IAJB 

2005), March 16–18, Baltimore, MD, pp. 163–173. 

Bonczar, C., S. Brena, S. Civjan, J. DeJong, and D. Crovo. 2005. Integral abutment pile behavior 

and design - Field data and FEM studies. Integral Abutment and Jointless Bridges (IAJB 

2005), March 16–18, Baltimore, MD, pp. 174–184. 

Briaud, J., R. James, and S. Hoffman. 1997. NCHRP Synthesis 234: Settlement of Bridge 

Approaches (The Bump at the End of the Bridge). National Cooperative Highway 

Research Program, Washington, DC. 

http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_syn_234.pdf.  

Cai, C.S., G. Z. Voyiadjis, X. Shi. 2005. Determination of Interaction between Bridge Concrete 

Approach Slab and Embankment Settlement. FHWA/LA.05/403. Louisiana 

Transportation Research Center, Louisiana Department of Transportation and 

Development, Baton Rouge, LA.  

Chen, Q., and M. Abu-Farsakh. 2016. Mitigating the bridge end bump problem: A case study of 

a new approach slab system with geosynthetic reinforced soil foundation. Geotextiles and 

Geomembranes, Vol. 44, No. 1, pp. 39–50.  

Chen, Q. 2007. An Experimental Study on Characteristics and Behavior of Reinforced Soil 

Foundation. PhD dissertation. Louisiana State University, Baton Rouge, LA.  

DeJong, A., W. Shi, B. Shafei, and T. Hosteng. 2021. Laboratory and numerical investigation of 

integral abutment connections with pile couplers. Engineering Structures, Vol. 248, 

Article No. 113159, pp. 1–12. 

DeJong, A., W. Shi, B. Shafei, and T. Hosteng. 2021. Integral abutment connections with 

grouted reinforcing bar couplers and ultra-high performance concrete. ASCE Journal of 

Bridge Engineering, Vol. 26, No. 8, Article No. 04021042, pp. 1–15. 

Dicleli, M., and S. Albhaisi. 2003. Maximum length of integral bridges supported on steel H-

piles. Engineering Structures, Vol. 25, No. 12, pp. 1491–1504. 

https://doi.org/10.1680/bren.2010.163
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_syn_234.pdf


 

220 

Dunker, K., and A. Abu-Hawash. 2005. Expanding the use of integral abutments in Iowa. 2005 

Mid-Continent Transportation Research Symposium, August 18–19, Ames, IA. 

Dupont, B., and D. Allen. 2002. Movements and Settlements of Highway Bridge Approaches. 

KTC-02-18/SPR-220-00-1F. Kentucky Transportation Center, University of Kentucky, 

Lexington, KY. 

Fell, D. 2022. Comparative analysis of bridge abutment types. Williams Honors College, Honors 

Research Projects. 1540. University of Akron, Akron, OH. 

Greimann, L., B. Phares, A. Faris, and J. Bigelow. 2008. Integral Bridge Abutment-to-Approach 

Slab Connection. Center for Transportation Research and Education, Ames, IA.  

Hassiotis, S., Y. Khodair, E. Roman, and Y. Dehne. 2006. Evaluation of Integral Abutments. 

FHWA-NJ-2005-025. New Jersey Department of Transportation, Trenton, NJ.  

Hoppe, E. K. Weakley, and P. Thompson. 2016. Jointless bridge design at the Virginia 

Department of Transportation. Transportation Research Procedia, Vol. 14 (2016), pp. 

3943–3952.  

Hoppe, E. J., and S. L. Eichenthal. 2012. Thermal Response of a Highly Skewed Integral Bridge. 

VCTIR 12-R10. Virginia Center for Transportation Innovation and Research, 

Charlottesville, VA.  

Horvath, J. S. 2005. Integral-abutment bridges: Geotechnical problems and solutions using 

geosynthetics and ground improvement. Integral Abutment and Jointless Bridges (IAJB 

2005), March 16–18, Baltimore, MD, pp. 281–291. 

IDOT. 2012. Memorandum: 2012 Integral Abutment Bridge Policies and Details. Illinois 

Department of Transportation, Springfield, IL. 

https://idot.illinois.gov/content/dam/soi/en/web/idot/documents/doing-

business/memorandums-and-letters/highways/bridges/abd-memos/abd123.pdf.  

ITD. 2008. 11.6.1.3 Design Guidelines for Integral Abutments. Idaho Transportation 

Department LRFD Bridge Design Manual. Idaho Transportation Department, Boise, ID. 

Kaniraj, S. 1988. Design Aids in Soil Mechanics and Foundation Engineering. 10th Ed. 

McGraw-Hill India, Uttar Pradesh, India. 

Karim, R., and B. Shafei. 2022. Addition of partial-depth link slabs to bridge structures: Role of 

support conditions. ASCE Journal of Bridge Engineering, Vol. 27, No. 7, Article No. 

04022049, pp. 1–12. 

Karim, R., and B. Shafei. 2021. Performance of fiber-reinforced concrete link slabs with 

embedded steel and GFRP rebars. Engineering Structures, Vol. 229, Article No. 111590, 

pp. 1–12. 

Kim, W., and J. A. Laman. 2011. Seven-year field monitoring of four integral abutment bridges. 

Journal of Performance of Constructed Facilities, Vol. 26, No. 1, pp. 54–64.  

Kong, B., C. S. Cai, and Y. Zhang. 2016. Parametric study of an integral abutment bridge 

supported by prestressed precast concrete piles. Engineering Structures, Vol. 120, pp. 

37–48. https://doi.org/10.1016/j.engstruct.2016.04.034.  

LaFave, J. M., J. K. Riddle, M. W. Jarrett, B. A. Wright, J. S. Svatora, H. An, and L. A. 

Fahnestock. 2016. Numerical simulations of steel integral abutment bridges under 

thermal loading. Journal of Bridge Engineering, Vol. 21, No. 10. 

https://doi.org/10.1061/(ASCE)BE.1943-5592.0000919.  

https://idot.illinois.gov/content/dam/soi/en/web/idot/documents/doing-business/memorandums-and-letters/highways/bridges/abd-memos/abd123.pdf
https://idot.illinois.gov/content/dam/soi/en/web/idot/documents/doing-business/memorandums-and-letters/highways/bridges/abd-memos/abd123.pdf
https://doi.org/10.1016/j.engstruct.2016.04.034
https://doi.org/10.1061/(ASCE)BE.1943-5592.0000919


 

221 

LaFave, J. M., L. A. Fahnestock, G. Brambila, J. K. Riddle, M. W. Jarrett, J. S. Svatora, B. A. 

Wright, and H. An. 2017. Integral Abutment Bridges under Thermal Loading: Field 

Monitoring and Analysis. FHWA-ICT-17-017. Illinois Center for Transportation, 

University of Illinois at Urbana–Champaign, Urbana, IL.  

Lenke, L. R. 2006. Settlement Issues – Bridge Approach Slabs. New Mexico Department of 

Transportation, Albuquerque, NM.  

Long, J. H., S. M. Olson, T. D. Stark, and E. A. Samara. 1998. Differential movement at 

embankment-bridge structure interface in Illinois. Paper No. 98-1575. Transportation 

Research Record: Journal of the Transportation Research Board, Vol. 1633, pp. 53–60. 

Luna, R., J. Robison, and A. Wilding. 2004. Evaluation of Bridge Approach Slabs, Performance 

and Design. Missouri Department of Transportation, Jefferson City, MO.  

Maruri, R. F., and S. Petro. 2005. Integral Abutments and Jointless Bridges (IAJB) 2004 survey 

summary. Integral Abutment and Jointless Bridges (IAJB 2005), March 16–18, 

Baltimore, MD, pp. 12–29. 

Mekkawy, M. M., D. J. White, M. T. Suleiman, and S. Sritharan. 2005. Simple design 

alternatives to improve drainage and reduce erosion at bridge abutments. 2005 Mid-

Continent Transportation Research Symposium, August 18–19, Ames, IA. 

Miller, G. A., K. Hatami, A. B. Cerato, and C. Osborne. 2013. Applied Approach Slab Settlement 

Research, Design/Construction. FHWA-OK-13-09 2227. Oklahoma Department of 

Transportation, Oklahoma City, OK.  

Mistry, V. C. 2005. Integral abutment and jointless bridges. Integral Abutment and Jointless 

Bridges (IAJB 2005), March 16–18, Baltimore, MD, pp. 3–11. 

Nadermann, A., L. Greimann, and B. Phares. 2010. Instrumentation and Monitoring of Precast 

Bridge Approach Tied to an Integral Abutment Bridge in Bremer County. Bridge 

Engineering Center, Ames, IA. 

Nassif, H. H., T. Abu-Amra., N. Suksawang, Y. Khodair, and N. Shah. 2009. Field investigation 

and performance of bridge approach slabs. Structure and Infrastructure Engineering, 

Vol. 5, No. 2, pp. 105–121.  

Nassif, H., T. Abu-Amra, N. Shah. 2002. Finite Element Modeling of Bridge Approach and 

Transition Slabs. FHWA-NJ-2002-007. Center for Advanced Infrastructure and 

Transportation, Rutgers University, Piscataway, NJ. 

Oliva, M. G., and G. Rajek. 2011. Toward Improving the Performance of Highway Bridge 

Approach Slabs. CFIRE 03-10. National Center for Freight and Infrastructure Research 

and Education, Madison, WI.  

Olson, S. M., K. P. Holloway, J. M. Buenker, J. H. Long, and J. M. Lafave. 2013. Thermal 

Behavior of IDOT Integral Abutment Bridges and Proposed Design Modifications. 

FHWA-ICT-12-022. Illinois Center for Transportation, University of Illinois at Urbana–

Champaign, Urbana, IL. 

Olson, S. M., J. H. Long, J. R. Hansen, D. Renekis, and J. M. Lafave. 2009. Modification of 

IDOT Integral Abutment Design Limitations and Details. ICT-09-054. Illinois Center for 

Transportation, University of Illinois at Urbana–Champaign, Urbana, IL. 

Phares, B. M., D. White, J. Bigelow, M. Berns, and J. Zhang. 2011. Identification and 

Evaluation of Pavement-Bridge Interface Ride Quality Improvement and Corrective 

Strategies. Institute for Transportation, Ames, IA.  

Phares, B., and J. Dahlberg. 2015. Performance and Design of Bridge Approach Panels in 

Wisconsin. 0092-14-04. Wisconsin Department of Transportation, Madison, WI.  



 

222 

Potyondy, J. 1961. Skin friction between various soils and construction materials. Geotechnique, 

Vol. 11, No. 4, pp. 339–353. 

Puppala, A., S. Saride, E. Archeewa, L. Hoyos, and S. Nazarian. 2009. Recommendations for 

Design, Construction, and Maintenance of Bridge Approach Slabs: Synthesis Report. 

FHWA/TX-09/0-6022-1. The University of Texas at Arlington, Arlington, TX. 

Rende, N., and J. Donnelly. 2011. Approach Slab Assessment – Full Testing Program Report. 

WJE No. 2010.2389.2. Wiss, Janney, Elstner Associates, Inc., Northbrook, IL. 

Reza, F. 2013. Synthesis of Bridge Approach Panels Best Practices. MN/RC 2013-09. Minnesota 

Department of Transportation, St. Paul. MN.  

Robison, J. L., and Luna, R. 2004. Deformation analysis of modeling of Missouri bridge 

approach embankments. Geotechnical Engineering for Transportation Projects, 

Proceedings of GeoTrans 2004, July 27–31, Los Angeles, CA. American Society of Civil 

Engineers, Reston, VA. pp. 2020–2027.  

Schaefer, V. R., and J. C. Koch. 1992. Void Development under Bridge Approaches. Report No. 

SD90-03. South Dakota Department of Transportation, Pierre, SD. 

Seo, J., H. Ha, and J. L. Briaud. 2002. Investigation of Settlement at Bridge Approach Slab 

Expansion Joint: Numerical Simulations and Model Tests. FHWA/TX-03/0-4147-2. 

Texas Transportation Institute, College Station, TX.  

Shi, W., B. Shafei, Z. Liu, and B. Phares. 2020. Longitudinal box-beam bridge joints under 

monotonic and cyclic loads. Engineering Structures, Vol. 220, Article No. 110976, pp. 

1–11. 

Thiagarajan, G., S. Ajgaonkar, M. Eilers, and C. Halmen. 2012. Cost-efficient and innovative 

design for bridge approach slab. Transportation Research Record: Journal of the 

Transportation Research Board, Vol. 2313, pp. 100–105. https://doi.org/10.3141/2313-

11.  

Varmazyar, M., R. Wozniak, and R. Walsh. 2017. Utilizing compressible inclusions and cement 

stabilised sand for integral bridges. Austroads Bridge Conference 2017, April 3–6, 

Melbourne, Australia.  

Wahls, H. E. 1990. NCHRP Synthesis 159: Design and Construction of Bridge Approaches. 

National Cooperative Highway Research Program, Washington, DC. 

Weakley, K. 2005. VDOT integral bridge design guidelines. Integral Abutment and Jointless 

Bridges (IAJB 2005), March 16–18, Baltimore, MD, pp. 61–70. 

White, D. J., S. Sritharan, M. Suleimann, M. Mekkawy, and S. Chetlur. 2005. Identification of 

the Best Practices for Design, Construction, and Repair of Bridge Approaches. Center 

for Transportation Research and Education, Ames, IA. 

White, D. J., M. M. Mekkawy, S. Sritharan, and M. T. Suleiman. 2007. “Underlying” causes for 

settlement of bridge approach pavement systems. Journal of Performance of Constructed 

Facilities, Vol. 21, No. 4, pp. 273–282. 

White, H. 2007. Integral Abutment Bridges: Comparison of Current Practice Between European 

Countries and the United States of America. FHWA/NY/SR-07/152. New York State 

Department of Transportation, Albany, NY.  

Yasrobi, S. Y., K. W. Ng, T. V. Edgar, and M. Menghini. 2016. Investigation of approach slab 

settlement for highway infrastructure. Transportation Geotechnics, Vol. 6, pp. 1–15. 

 

 

https://doi.org/10.3141/2313-11
https://doi.org/10.3141/2313-11




THE INSTITUTE FOR TRANSPORTATION IS THE FOCAL POINT FOR TRANSPORTATION  
AT IOWA STATE UNIVERSITY.

InTrans centers and programs perform transportation research and provide technology transfer services for 
government agencies and private companies;

InTrans contributes to Iowa State University and the College of Engineering’s educational programs for 
transportation students and provides K–12 outreach; and

InTrans conducts local, regional, and national transportation services and continuing education programs.

Visit InTrans.iastate.edu for color pdfs of this and other research reports.


	bridge_ends_and_abutments_TR-722_TR-739_PRINT.pdf
	Acknowledgments
	Executive Summary
	CHAPTER 1. Introduction
	1.1. Overview
	1.2. Research Needs and Motivations
	1.3. Research Objectives
	1.4. Report Outline

	CHAPTER 2. Literature Review
	2.1. Overview
	2.2. Abutment Details
	2.2.1. Length and Skew Limits
	2.2.2. Earth Pressure and Forces on Abutments
	2.2.3. Unique Abutment Details

	2.3. Approach Slab Details
	2.4. Geotechnical Design
	2.5. Bridge End Drainage
	2.6. Expansion Joints
	2.7. Approach Slab Performance
	2.8. Recommendations for Mitigating Approach Slab Failure
	2.8.1. Soil Preparation and Design
	2.8.2. Structural Rigidity

	2.9. Inventory of Iowa Approach Slab Performance
	2.9.1. Approach Slab Inventory Background and Process
	2.9.2. Results and Discussion


	CHAPTER 3. Bridge Visual Inspections
	3.1. 1215 Polk
	3.2. 111 Pottawattamie
	3.3. 113 Cass
	3.4. 213 Cass
	3.5. 310 Jasper (Northbound and Southbound)
	3.5.1. Northbound
	3.5.2. Southbound

	3.6. 208 Bremer (Northbound and Southbound)
	3.6.1. Northbound
	3.6.2. Southbound

	3.7. 108 Blackhawk
	3.8. Joint Condition

	CHAPTER 4. Bridge Instrumentation and Data
	4.1. Sensor Descriptions
	4.1.1. Earth Pressure Cells
	4.1.2. Strain Gauges
	4.1.3. Crackmeters
	4.1.4. Displacement Transducers

	4.2. Jasper County 118
	4.2.1. Jasper County 118 Earth Pressure Sensor Installation Process
	4.2.2. Jasper County 118 Strain Gauge Installation Process
	4.2.3. Jasper County 118 Crackmeter Installation Process
	4.2.4. Jasper County 118 Displacement Transducer Installation Process
	4.2.5. Jasper County 118 Datalogger Installation
	4.2.6. Jasper County 118 Data Collection and Processing
	4.2.6.1. Jasper County 118 Instrumentation Results
	4.2.6.2. Jasper County 118 Bridge Longitudinal Expansion
	4.2.6.3. Jasper County 118 Bridge Transverse Expansion
	4.2.6.4. Jasper County 118 Abutment Backwall Earth Pressures


	4.3. Story County 118
	4.3.1. Story County 118 Strain Gauge Installation Process
	4.3.2. Story County 118 Crackmeter Installation Process
	4.3.3. Story County 118 Datalogger Installation
	4.3.4. Story County 118 Data Collection and Processing
	4.3.5. Story County 118 Construction Issues

	4.4. Polk County 120
	4.4.1. Polk County 120 Strain Gauge Installation Process
	4.4.2. Polk County 120 Crackmeter Installation Process
	4.4.3. Polk County 120 Datalogger Installation
	4.4.4. Polk County 120 Data Collection and Processing

	4.5. Butler County 118
	4.5.1. Butler County 118 Strain Gauge Installation Process
	4.5.2. Butler County 118 Crackmeter Installation Process
	4.5.3. Butler County 118 Datalogger Installation
	4.5.4. Butler County 118 Data Collection and Processing


	CHAPTER 5. Finite Element Modeling
	5.1. Jasper County 118 FE Model
	5.1.1. Material Properties
	5.1.2. Element Meshing
	5.1.3. Boundary Conditions
	5.1.4. Loading
	5.1.5. Surface Contact
	5.1.6. Slab Rebar
	5.1.7. Model Calibration
	5.1.8. FE Results

	5.2. Story County 118 FE Model
	5.2.1. Mesh Density Study
	5.2.2. Comparison with Field Results
	5.2.3. Parametric Studies
	5.2.3.1. Parametric Study of Soil to Concrete Coefficient of Friction
	5.2.3.2. Parametric Study of Soil Stiffness
	5.2.3.3. Parametric Study of Tie Bar Orientation
	5.2.3.4. Parametric Study of Skew Angle


	5.3. Additional Models for Investigation of Settlement and Erosion
	5.3.1. Model Parts and Assembly
	5.3.2. Material Properties
	5.3.3. Boundary Conditions
	5.3.4. Springs and Model Calibration
	5.3.5. Loading
	5.3.6. Model Analyses
	5.3.6.1. Jasper County FE Model Analysis
	5.3.6.2. Story County FE Model Analysis


	5.4. Shelby County 118 FE Model
	5.4.1. Model Features
	5.4.2. Shelby County 118 FE Results

	5.5. Washington County FE Model
	5.5.1. Purpose and Background
	5.5.2. Design Details
	5.5.3. Finite Modeling Procedure
	5.5.4. Finite Element Study and Results


	CHAPTER 6. Conclusions and Recommendations
	6.1. Literature Review
	6.2. Inspections
	6.3. Field Monitoring
	6.4. Finite Element Analysis

	References

	InTrans_report_inside_outside_back_cvr.pdf
	Blank Page


