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ABSTRACT 

Geosynthetic Reinforced Soil – Integrated Bridge System (GRS-IBS) is a technology 

which has been around for almost 40 years in the United States but is now being pushed 

by the FHWA due to improved performance and promised cost savings in the 

construction of small bridges. GRS-IBS is a mechanically stabilized earth (MSE) wall 

acting as the abutment with a bridge deck placed on top.  The vertical spacing of the 

geosynthetic reinforcement in a MSE wall is much larger than in a GRS-IBS abutment.  

MSE walls have reinforcement vertical spacing of on average 24 inches compared to 

GRS-IBS bridge abutment vertical spacing of 8 inches. 

The GRS-IBS process starts by removing material to a depth and area of the foundation 

for the abutment, then backfill is placed and compacted.  Once the backfill is compacted, 

a layer of geosynthetic reinforcement is placed along with a row of precast concrete 

blocks to form the faces of the abutment.  This process is continued until the abutment is 

at the level needed for the bridge girders.  Bridge girders are then placed directly on the 

geosynthetically reinforced backfill abutment.  Once the girders are in place, the 

abutments are then brought up to road level and pavement can be placed for the approach. 

GRS-IBS bridges do not require driven piles or concrete for the bridge abutments and can 

be constructed with a working crew of five people.  Due to the lack of need for heavy 

equipment for construction of standard bridge abutments and the availability of 

construction materials, GRS-IBS bridges can be constructed at a lower cost than 

conventional bridge construction.  Also, because the bridge deck rests directly on the 
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abutment, if the abutment settles, the bridge will settle to the same level, resulting in a 

smoother transition on and off the bridge. 

This thesis focuses on the experiences the author has had with GRS-IBS bridges, and 

from the observations and data obtained from the Rustic Road project (Boone County, 

Missouri) – an instrumented GRS-IBS project. The thesis consists of a literature review 

of GRS-IBS applications in both Missouri and across the US, the bridge design and 

layout of the Rustic Road Bridge, instrumentation used in the Rustic Road Bridge, 

summary of the performance data to date, discussion of the applicability of GRS-IBS in 

Missouri, and conclusions. 

Data collected thus far have shown satisfactory performance of the bridge.  Movements 

have been minimal and all occurred in the first month after construction.  The backfill 

drains quickly and is performing well based on piezometer data.  GRS-IBS works well 

when the abutments are less than 20 feet high.  The best application for GRS-IBS bridges 

is over small creeks and streams.   
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1. INTRODUCTION 

1.1. New Abutment Technology 

The Rustic Road Bridge was constructed in February of 2015 in Columbia, 

Missouri.  The bridge is constructed using the Geosynthetic Reinforced Soil – Integrated 

Bridge System (GRS-IBS).  The technology for GRS-IBS has been around for almost 40 

years in the United States but is now being emphasized by the Federal Highway 

Administration (FHWA) for its promise of better performance at a lower cost (Adams et 

al. 2011a).  The Rustic Road Bridge crosses the North Fork Grindstone Creek east of 

Downtown Columbia, Missouri (Figure 1.1). The following will focus on the 

performance of the bridge under flood conditions. 

 
Figure 1.1: Location of Rustic Road Bridge Site (Bartlett & West 2014) 
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 The abutments are the difference between GRS-IBS and conventional 

bridges.  A conventional bridge consists of a deep foundation supporting a concrete 

abutment plus the weight of the bridge girders and deck (Figure 1.2).  The GRS-IBS 

bridges abutments are constructed out of layered geosynthetic reinforcement and backfill 

(Figure 1.3).  Backfill is typically a clean crushed stone.  The backfill along with the 

geosynthetic need to be quick-draining so water pressure does not build behind the wall.  

The layers of the backfill are typically eight inches thick followed by a single layer of 

geosynthetic reinforcement. The GRS-IBS bridges have been used primarily as single 

span bridges over small streams.   

 
Figure 1.2: Conventional Bridge Abutment (MoDOT 2014a) 
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Figure 1.3: GRS-IBS Abutment (Adams et al. 2011a) 

 FHWA is trying to educate local agencies about GRS-IBS and is marketing them 

as less costly and better performing than bridges with conventional abutments on deep 

foundations.  GRS-IBS bridges can be constructed with a crew of five people and a 

minimal amount of equipment.  The materials needed for the bridge are relatively 

inexpensive and readily available around the United States.  The materials needed include 

geosynthetic reinforcement, rock or soil backfill, and concrete masonry unit (CMU) 

blocks. Another reason the bridges are economical is they can be built in about two 

weeks for bridges with abutments 10 to 15 feet tall.  The fast pace of work combined with 

less costly materials makes the bridges a good option for smaller bridge projects.  GRS-

IBS allows for the elimination of the typical “bump” at the end of the bridge.  This 

“bump” occurs in conventional bridges because the abutments do not settle as much as 

the approach roadway.  GRS-IBS eliminates the “bump” because the abutment and 
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roadway approaches all settle together thus eliminating the differential settlement 

conventional bridges suffer.    

1.2. Submergence of Girders and Performance 

 The Rustic Road Bridge crosses the North Fork of Grindstone Creek which is a 

small tributary to Grindstone Creek.  The creek is capable of flooding the bridge 

approximately every two years.  Girders selected for the bridge are tub girders which are 

air tight and would be buoyant enough that when a high water event occurred the girders 

would be pushed downstream by the water flow (Figure 1.4).  In order to keep the girders 

from moving during high water events, there are bolts which connect the girders to 

anchor plates buried in the abutments. Data are being collected to help in analysis of the 

performance of the bridge before and after high water events. 

 

Figure 1.4: Cross Section of Tub Girders used for Rustic Road Bridge  

 (Bartlett & West 2014) 

1.3. Instrumentation 

 Data collected from the bridge were analyzed to determine the performance of the 

bridge.  The data collection for monitoring movements included surface surveying, 

inclinometer readings, crack gages and settlement plate movements.  Other monitoring 

data includes pore water pressures and total pressures in the abutment.  The surveying is 
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completed every three months and the inclinometer data are collected every month.  The 

pore water pressure and total pressure data are recorded every two hours.  

1.4. Objectives  

 The Rustic Road Bridge hydrologic data predicts flooding of the bridge every two 

years.  Since the girders are buoyant the performance of the bridge will be based on 

lateral movements and settlements of the bridge and abutment face, total pressures in the 

abutments, and pore water pressures.  The objectives of the study are to measure the 

performance of a GRS-IBS that will become submerged during its service life and 

document performance with advanced instrumentation.     

1.5. Scope of Thesis 

The thesis focuses on the experiences the author has had with GRS-IBS bridges, 

and from the observations and data obtained from the Rustic Road project (Boone 

County, Missouri) – an instrumented GRS-IBS project. The thesis consists of: a literature 

review of GRS-IBS applications in both Missouri and across the US (Chapter 2), 

experiences with GRS-IBS from contractors and administrators (Chapter 3), the bridge 

construction of the Rustic Road Bridge (Chapter 4), instrumentation used in the Rustic 

Road Bridge (Chapter 5), summary of the performance data to date (Chapter 6), and 

conclusions (Chapter 7). 
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2. LITERATURE REVIEW 

2.1. History of GRS-IBS in the United States 

The technology for reinforced soil has been around for 40 years in the United 

States, but the concept has only been used for bridges for the past decade (Adams et al. 

2011a). Defiance County Ohio was the first agency to construct a GRS-IBS bridge in 

2005.  In the United States, Washington D.C., and Puerto Rico there have been 168 

bridges constructed as of May 2014 (Alzamora 2014).  FHWA published the document 

“Geosynthetic Reinforced Soil Integrated Bridge System Interim Implementation Guide” 

in June of 2012 (Adams et al. 2011a).  The implementation guide contains information 

regarding the benefits of GRS-IBS as well as details on construction and design.  In 

addition to the Implementation Guide, FHWA also published the “Geosynthetic 

Reinforced Soil Integrated Bridge System Synthesis Report” in January of 2011 (Adams 

et al. 2011b) to provide data proving the performance of the GRS-IBS design.  The 

FHWA produced a YouTube video showing construction of a GRS-IBS bridge based of 

the implementation guide (FHWA 2011). 

2.2. Inundated Bridge Performance 

 GRS-IBS bridges are typically single-span with 10-20 foot tall abutments.  Many 

of the GRS-IBS bridges span small creeks and streams which periodically flood the deck 

structure during floods.  The majority of GRS-IBS bridges have been constructed within 

the past five years and thus have not yet experienced water levels up to the road surface.  

William Schlatter (July 2015), the Defiance County Engineer, is aware of several bridges 

that have had water up to the bridge girders and the performance of the bridges has been 

satisfactory since the flooding events (personal communication, July 23, 2015).  There 
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has been no published information regarding performance of GRS-IBS bridges that have 

been inundated.   

2.3. Thermal Effects on Strain and Lateral Pressures  

 A study completed by Warren et al. (2014) examined the behavior of thermally 

induced strain and end stress. Strain measured in the study was the longitudinal strain 

(direction of traffic travel) of the bridge girders.  End pressures measured the pressure 

exerted under the bridge girder perpendicular to the longitudinal direction.  The study 

tried to better understand if GRS-IBS bridges behaved structurally as fixed or free end 

connection.  The study collected data from end pressures, girder strain, and vertical 

stresses. The results of the study focused on the end pressures and strains.  The 

conclusion of the study was the boundary conditions for the steel girders fell between 

fixed end and free end conditions (Warren 2014 et al.).  Vertical stress and strain were 

not analyzed in the paper (vertical stress is the pressure under the bridge girders). 
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3. PROFESSIONAL’S EXPERIENCES WITH GRS-IBS 

3.1. Introduction 

The applicability of Geosynthetic Reinforced Soil – Integrated Bridge System 

(GRS-IBS) depends on many factors when considering how effective the option will be 

in saving money and time.  The reason GRS-IBS bridges can be completed in a timely 

manner and on an economic budget is because most of the materials are easy to find and 

specifications for the materials are already in department of transportation guidelines.  

Since the GRS-IBS system is a relatively new concept for bridge construction, the lessons 

learned from others during their experiences can be helpful when planning a similar 

project. The following observations are based on personal experiences of contactors and 

administrators who have dealt with GRS-IBS bridges. The objective of the interviews 

was to document experiences with GRS-IBS. Responses from the interviews are grouped 

into: constructability issues, cost issues, and administrative issues. 

3.2. Constructability 

3.2.1. Pennsylvania Department of Transportation – Gerald Albert (Municipal Services 

Supervisor) Contacted: 12/4/14 

Pennsylvania Department of Transportation (PennDOT) has built six GRS-IBS 

bridges since 2011 but seven others have been built by local agencies in Pennsylvania.  

Pennsylvania had to adjust some of the specifications they set forth for GRS construction 

but now the concrete masonry units (CMU), backfill, and geosynthetic reinforcement are 

specified so design and construction can be done rapidly.  One of the few problems 

facing construction in Pennsylvania is the northern part of the state does not have many 
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deposits of suitable backfill material, so the material sometimes has to be transported a 

long distance to a job site.  The job sites where GRS bridges have been built are usually 

in rural areas, so site congestion has not been an issue.  The site needs to have enough 

room to allow for onsite storage of the backfill and CMU blocks.  The number of workers 

on site was a little bit of an issue.  The FHWA Interim Implementation Guide (Adams et 

al. 2011) suggests four labors and one equipment operator.  The reason more people were 

onsite than needed was the bridge was a new technology and many were on site just to 

observe construction.  The GRS bridge projects PennDOT has been involved in have 

been completed within the allotted deadline.  The first bridges were completed by the 

local townships themselves and did not have any problems meeting scheduling deadlines.  

The completed bridges are performing well and occasionally get surveyed to monitor 

movements; however, no major movements have been found, including one bridge that 

was under construction and was flooded by six feet of water and another bridge that had 

water up to the bottom of the bridge girders.  The contractor had no issue meeting quality 

assurance or quality control (QA/QC) when using 57 stone or 8 stone (57 stone is 1 ½-

inch clean, 8 stone is ½-inch clean) 

3.2.2. Defiance County – Warren Schlatter (Defiance County Engineer, Ohio) Contacted: 

3/16/15 

Defiance County, located in Ohio, is one of the first to use a GRS-IBS bridge.  

They currently have 30 bridges in operation, about one eighth of the county system.  The 

first GRS-IBS bridge was constructed in 2005.  From experiences in Defiance County, 

the GRS is the most cost effective way to build a bridge unless the original abutments can 

be reused in the new bridge.  In Defiance County, bedrock is nearly 80 feet deep.  Driven 
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piles or some sort of deep foundation is a costly solution for small bridges.  The backfill 

material in the area is located about 20 miles away so getting it to the site is not an issue. 

Backfill has been previously specified for other projects and is a common type of rock.  

In one instance, getting the rock to the site was an issue because the route had bridges 

which could not accommodate the truck loads. The contractor was able to overcome this 

by placing the rock from the other side of the stream.  The FHWA recommends using a 

crew of five for the construction of GRS-IBS bridges; one excavator operator and four 

others working on the abutment.  Defiance County has used a crew size of five for all of 

the bridges they have constructed and would recommend using five people to construct 

GRS-IBS bridges.  All projects were completed on time but none had a firm deadline.  

Once a contractor had the “construction rhythm” down, it would take about two to three 

days to complete the abutments, but up to five days for larger abutments.  All of the GRS 

bridges constructed in Defiance County are performing well without any issues.  The 

contractors have had no issue meeting QA/QC requirements.  The county performed an 

experiment on compacted and un-compacted backfill and found the un-compacted 

backfill only settled 0.25 inches. The type of stone was not specified.   

3.2.3. Federal Highway Administration – Khamis Haramy (Senior Geotechnical 

Engineer) Contacted: 11/23/14 

The FHWA has been responsible for designing about ten GRS-IBS bridges.  The 

first bridge constructed by the FHWA was completed in 2011.  The construction 

materials used are outlined in FHWA’s implementation guide but the backfill 

requirements had to be adjusted for one project. Project sites have been relatively small 

and therefore have been ideal for this construction method.  From Mr. Haramy’s 
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experiences with GRS-IBS, FHWA’s implementation guide has accurately described the 

amount of labor needed to construct these types of bridges.  The performance of the 

bridges has been satisfactory.  All projects have met the QA/QC requirements (Haramy 

2014) but there was one project where an issue arose due to the backfill containing high 

amounts of organic material. Once the backfill was switched there was no issue meeting 

the QA/QC requirements. 

3.2.4. Missouri Department of Transportation – Anousone Arounpradith (Structural 

Project Manager MoDOT) Contacted: 3/20/15 

MoDOT has built two GRS-IBS bridges; one in Columbia, Missouri and the other 

in Russell County.  The GRS bridge in Columbia was the project Mr. Arounpradith was 

involved with from preliminary design through construction, and was completed in 2014.  

The bridge is located in the city limits of Columbia on Paris Road, and spans I-70 

Business Loop.  The backfill material used was a standard MoDOT Type 7 gradation 

(aggregate with a wide range of particle sizes including up to 12 percent fines) (Table 

3.1).   

Table 3.1: MoDOT Type 7 Aggregate Gradation (MoDOT 2015) Section 1007 

Sieve Percent by Weight 

Passing 1 ½-inch 100 

Passing 1-inch 70-100 

Passing No. 8 15-50 

Passing No. 200 0-12 

 

The facing blocks the FHWA implementation guide calls for are dry cast concrete 

small blocks.  MoDOT has used the small block in the past and they experienced 

durability issues.  As a result, wet cast large concrete blocks were selected for the Paris 

Road Bridge.  Before MoDOT would approve the blocks, they had to go through freeze 
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thaw and saline cycles to prove durability of the blocks under exposure to road salt.  Wet 

cast blocks were selected removing the need for the saline testing.  The Paris Road site 

was surrounded by a pedestrian bridge on one side and a train bridge on the other side, 

leading to a congested construction site.  The I-70 Business Loop, under the construction 

site, had to remain open to traffic at all times. With the land restrictions in and around the 

site, the contractor had to lease land nearby in order to have a preparation and staging 

area.  Also, because the site was narrow and the bridge was so tall (approximately 20 

feet), the excavator could not excavate down to the required depth without having a shelf 

system (bench system).  The MoDOT Type 7 rock proved difficult to meet compaction 

requirements.  The contractor was placing the backfill dry and was not able to meet the 

compaction requirements.  The contractor had to make too many passes to be efficient in 

construction, so a larger (heavier) compactor was used.  The contractor began to wet the 

backfill which further helped meet QA/QC requirements with fewer compactor passes.  

In spite of all the slowdowns with the tight work area and trouble meeting the compaction 

requirements, the contractor was able to meet the scheduled deadline. 

3.2.5. APAC – Jeremy Bexten (Area Bridge Manager) Contacted: 12/9/14 

APAC is a contraction company in Missouri and Kansas, and was the contactor 

that constructed the Paris Road GRS-IBS bridge in Columbia, Missouri.  The typical 

work done by APAC is large pavement projects, and bridge construction, but they had 

limited experience with mechanically stabilized earth (MSE) or GRS-IBS walls.  The 

construction materials needed for the project are common and the contractor was familiar 

with them, but due to modifications of the FHWA implementation guide there were some 

construction issues that arose which were not originally considered.  The type of backfill 
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required for the site was MoDOT Type 7 and had to be specially made at the quarry.  The 

QA/QC requirements did not require a nuclear density test for confirmation of density as 

long as MoDOT Type 7 aggregate was used.  The construction deadline was met, but due 

to utility delays the construction crew had to work several 50-hour weeks in order to 

finish on time. The biggest issue this site posed to constructability was site access. There 

was traffic under the bridge during the entire construction period. A small preparation 

area caused the rock to have to be moved out of the way so blocks could be brought in 

and placed.  The other issue was that the facing block was not typical CMU blocks but 

precast concrete blocks that had to be placed with the excavator because of their size and 

weight.  The concrete block design was not preapproved and thus one block had to be 

tested for every 1000 blocks.  The testing was for freeze thaw; however, saline testing 

was not needed since wet casting was used for the concrete blocks.  The labor needs for 

the project aligned with the descriptions in the FHWA implementation guide (Adams et 

al 2011a), but the equipment requirements were not sufficient to compact the backfill and 

a walk behind roller was used to meet compaction requirements.  Extra time was used to 

make sure the blocks were level with each lift and this was the most critical part of 

construction.  The attraction for the contractor was that the FHWA provided extra money 

because the bridge was constructed using GRS-IBS construction techniques.  The biggest 

issue the contractor would change about this project would be to use small CMU blocks 

rather than the large concrete blocks which had to be used because the small blocks were 

not available at the time.  The small block size is approximately 8 inches by 12 inches 

and the large concrete blocks were approximately 18 inches tall by 36 inches wide. 
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3.2.6. Mera Excavation– Kevin Harvey (Project Manager and Estimator) Contacted: 

5/19/15 

Mera is a small excavation and contracting company that constructed a GRS-IBS 

bridge on Rustic Road crossing a small creek just east of Columbia, Missouri.  Work 

performed by Mera is primarily smaller general contracting projects. The GRS-IBS was a 

new type of construction for the company and the first time dealing with geosynthetic 

reinforcement.  The materials for the project were easy to locate and getting them to the 

site was not an issue.  One issue with the site was the traffic was diverted around the 

bridge on a one lane temporary bypass.  When equipment or materials were delivered, 

traffic would be stopped to unload.  Construction of the bridge took place in the winter 

and the site was covered in snow multiple times.  The snow would cover the gravel to 

create snow and gravel clumps.  The clumps would have to be thrown out resulting in 

approximately 15 percent waste of the gravel.  The most critical part of the project was 

keeping the blocks from moving during construction. This was solved by clamping 2x4 

boards to the excess geosynthetic to keep the blocks from moving.  Also, the bridge had 

anchor bolts which had to be within a very tight tolerance to get them to the precast 

girders.  There was a problem getting the position correct due to discrepancies between 

the drawings from the designer and the drawings given to the contractor.  If the contractor 

could have had a say in the design, the abutments would be closer allowing for the wing 

walls and abutment face to be constructed at right angles.  The skew makes the corners of 

the abutments weaker.  The contractor would bid on a GRS-IBS project again but would 

increase the price of construction especially for an abutment with the smaller block face.  

The contractor believes these types of bridges work well in theory but maybe not so 
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much here in Missouri (Harvey 2015).  The blocks need to be changed to work better 

with the creek bottoms.  The wing walls need to be at right angles to improve the strength 

of the corners. 

3.3. Cost  

3.3.1. Pennsylvania Department of Transportation – Gerald Albert (Municipal Services 

Supervisor) Contacted: 12/4/14 

The majority of projects in Pennsylvania have had no discrepancies between the 

estimated engineering cost and the bids from the contractor.  Once contractors are more 

familiar with the construction method and work involved, the costs are expected to go 

down.  Currently, there are no data for the cost per square foot of bridge deck or cost per 

square foot of wall face, but data collection is in the process of determining the unit cost 

and there should an estimated cost soon (Albert 2014).  There were no unexpected costs 

during the construction of the GRS bridges; meaning, there was no excess excavation that 

needed to be done in order get to the required depth.  

3.3.2. Defiance County – Warren Schlatter (Defiance County Engineer, Ohio) Contacted: 

3/16/15 

Defiance County has been constructing these types of bridges for a while and has 

the most experience using GRS-IBS.  There was some initial discrepancy between the 

engineering cost estimate and the contractor cost estimates for bridges.  One reason for 

the difference was the contractors want to have as much time for construction as possible 

and therefore add more days of work in the bid submittals.  Also, by nature, engineers are 

typically conservative and this led to some over design of the bridges.  Once the building 
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procedures and methods have been tested, the engineer can be less conservative in the 

design, saving money by requiring less material in the bearing pads.  Another reason is, 

again because GRS-IBS is new; contractors which drove piles now set the bridge decks 

so once the contractors become more familiar with the process, the price should drop.  

The county has been keeping cost records of the overall construction but has not 

developed a cost per unit wall face or deck in order to compare the cost from project to 

project.  During construction, none of the sites have run into any unexpected need to over 

excavate or problems with groundwater requiring extra time and money to fix problems. 

3.3.3. Federal Highway Administration – Khamis Haramy (Senior Geotechnical 

Engineer) Contacted: 11/23/14 

The general trend of engineer’s estimates being lower than contractor’s bids can 

mainly be attributed to the engineer’s lack of knowledge of the contractor’s costs.  The 

FHWA does not keep track of the cost per square foot of wall face but rather uses a 

normalized cost based on the area of the bridge deck.  Estimated costs were about $250 

per square foot of bridge deck but the actual costs were higher (Haramy 2014).  However, 

the cause for the difference in cost has not yet been determined.  One unexpected cost in 

the construction process for one project was that they had to dewater so the foundation 

could be constructed. 

3.3.4. Missouri Department of Transportation – Anousone Arounpradith (Structural 

Project Manager MoDOT) Contacted: 3/20/15 

GRS-IBS projects are new and therefore are hard to predict the cost.  Contractors 

are skeptical of being involved in new construction methods and will increase cost 
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because they are not sure what to expect.  The Paris Road project had some extra costs 

associated with it due to the freeze-thaw testing that had to be done to insure the block 

would be durable enough for the bridge.  MoDOT’s cost on a MSE wall are about $55 

per square foot of wall face and for this project the wall face, and excavation was about 

$100 per square foot of wall face.  The factor of two between the cost can be attributed to 

a few factors, with one being the new technology. Second, the reinforcement is spaced 

much closer together in GRS-IBS abutments compared to MSE walls.  Third, the 

excavation costs for a MSE wall are generally added into the roadway construction cost 

and not the MSE wall cost. The GRS wall facing cost includes the excavation cost in the 

wall face estimate. 

3.3.5. APAC – Jeremy Bexten (Area Bridge Manager) Contacted: 12/9/14 

 The contractor (APAC) for the Paris Road GRS-IBS had some issues during 

construction with over excavating the foundation area. The over excavation required 

more backfill and thus was a cost to APAC.  The over excavation was the only 

unforeseen cost to the contractor during the project. The total cost of the Paris Road 

project was $881,239 (MoDOT 2014b).  The area of wall face was 2,544 square feet (sq. 

ft) and the bridge deck area is 1,920 sq. ft (Arounpradith2014).  The cost per sq. ft of 

abutment wall face is $346.  The cost per sq. ft of bridge deck is $459.   

3.3.6. Mera Excavation– Kevin Harvey (Project Manager and Estimator) Contacted: 

5/19/15 

The overall cost of the Rustic Road project was as expected with a few minor 

exceptions.  There was more backfill needed to complete the project due to the backfill 
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being snow covered multiple days creating snow and backfill clumps that could not be 

used in the abutments.  Also, the system used to hold the blocks in place was developed 

during construction and the extra cost of materials was not included in the project bid.  

There was a change in plans for the corral railings from the responsible subcontractor.  

The corral rails originally did not include expansion joints, which was put in by the 

subcontractor.  Overall the only major unexpected cost was the extra backfill material 

needed due to the waste. The source of the waste was from snow during construction that 

would create a clump of snow and backfill which could not be used in the abutment.  The 

total cost of the Rustic Road project was $ 375,516.  The area of abutment wall face was 

1476 sq. ft and the bridge deck had an area of 1284 sq. ft (Bartlett & West 2014).  The 

cost per sq. ft of wall face was $254.  The cost per sq. ft of bridge deck was $292. 

3.4. Administrative Issues/Concerns 

3.4.1. Pennsylvania Department of Transportation – Gerald Albert (Municipal Services 

Supervisor) Contacted: 12/4/14 

The specifications for all materials are standard from previous uses of material 

through other jobs.  The geosynthetic did not have any specifications for this use so 

special specifications where developed from previous experiences with geosynthetic and 

FHWA’s implementation guide.  Maintenance of the bridges has not been addressed or of 

concern yet due to the bridges being built recently.  PennDOT has been satisfied with the 

GRS-IBS bridges in operation currently and plans on continuing the implementation of 

these bridges for the foreseeable future, with that being said though the GRS-IBS will 

only be used where practical (Albert 2014). 
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3.4.2. Defiance County – Warren Schlatter (Defiance County Engineer, Ohio) Contacted: 

3/16/15 

In order to make the construction process as simple as possible, the specifications 

have been kept in line with the current Ohio state specifications to make finding materials 

easier on the contractor.  Defiance County has its own process for how to build their 

projects and has a set budget so the low cost GRS-IBS allows the County to be able to 

build more with their limited budget.  The maintenance problems associated with the 

bridges comes from cracking of the CMU brick facing, but is not difficult to fix. The 

average age of the bridges which have been replaced is 85 years, and the life expectancy 

for GRS-IBS bridges is expected to be over 50 years.  Materials for the bridge are CMU 

blocks, crushed rock, and geosynthetic, all of which have a relatively unknown life span. 

Therefore as long as the bridge decks and facing are maintained, they should last for a 

considerable amount of time.  Also if there is expected to be a growth in traffic, the 

bridge abutments can be made larger than needed to allow an extra lane to be constructed. 

3.4.3. Federal Highway Administration – Khamis Haramy (Senior Geotechnical 

Engineer) Contacted: 11/23/14 

The FHWA developed specifications as given in the FHWA implementation 

guide (Adams et al. 2011a).  The specifications have proven to work well and there has 

been no need to modify them. The construction practice of using precast concrete for the 

bridge deck/girders has worked on all cases except in Hawaii. The bridge constructed in 

Hawaii did not have a pre-cast concrete manufacturer site on the island, so the girders 

were cast in-place. The modification of casting the girders in place did not see any 
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decreases in the bridge performance. There has been no unforeseen maintenance costs 

associated with the bridges in which FHWA has been involved. 

3.4.4. Missouri Department of Transportation – Anousone Arounpradith (Structural 

Project Manager MoDOT) Contacted: 3/20/15 

MoDOT has known of GRS-IBS for a number of years but has had difficulty 

trying to find locations for this type of bridge.  In Missouri there are not many single span 

bridges, therefore the challenge was being able to find a single span bridge in a suitable 

location.  Even though this type of construction is new, most local agencies know about 

the GRS bridges and how they work.  One reason these bridge have not been 

implemented at the local level is most counties do not have engineers on staff to design 

the bridges; however, MoDOT has begun to show and give help where they can.  These 

types of bridges are going to be used by MoDOT in the future where GRS is applicable.  

A problem with GRS-IBS is education of the contractors on how to properly roll out the 

geosynthetic reinforcement.  In order to alleviate this confusion, MoDOT typically 

specifies bi-axial geosynthetic, but the issue is how to best roll out the sheets when the 

wall gets higher.  Also, when the wing walls are flared out, contractors will sometimes 

not place the geosynthetic down in the correct orientation or will use small bits and 

pieces to cover the backfill and not have a single, continuous piece of geosynthetic 

reinforcement.  As with any new technology there is a learning curve.  Once the local 

contractors are more comfortable with GRS-IBS, MoDOT can expect the cost estimates 

to drop making bridges more affordable in Missouri. 
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3.4.5. APAC – Jeremy Bexten (Area Bridge Manager) Contacted: 12/9/14 

The FHWA has put out YouTube videos along with the implementation guide for 

instruction on the process and materials used during construction of GRS-IBS 

(https://www.youtube.com/watch?v=w_5WFoAdoUw).  APAC was made aware of the 

information and reviewed the information prior to construction and found the videos were 

fairly accurate with a few exceptions.  The equipment described in the video was not 

adequate to compact the backfill so a larger compactor was used slowing the entire 

construction process.  Large concrete blocks were used rather than the small CMU blocks 

shown in the video and required the use of an excavator to place the large concrete 

blocks.  This again slowed the construction process.  Larger blocks had to be used 

because the small CMU blocks did not meet the current MoDOT standards for freeze 

thaw and saline testing. Finally, the walls constructed were much taller than the walls 

shown in the video.  Using the taller walls increased the construction. 

3.4.6. Mera Excavation– Kevin Harvey (Project Manager and Estimator) Contacted: 

5/19/15 

The FHWA videos were reviewed and used in the planning process for the project 

but some differences between the videos and the Rustic Road site were observed. The 

first is the FHWA videos show all the bridges constructed on right angles to the creek 

flow, whereas the Rustic Road bridge was constructed on a skew.  The blocks used for 

abutment faces in the videos were slightly different than the blocks used for the Rustic 

Road abutments which would have resulted in having to order specialty blocks for the 

project.  Some fines from the backfill were taken to a lab to have electro-chemical 

https://www.youtube.com/watch?v=w_5WFoAdoUw
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analysis performed, but there was hardly enough fines to perform the test due to the 

specified backfill being half-inch clean. 

3.5. Summary 

The overall consensus from the agencies and contractors interviewed was that the 

GRS-IBS has a good future.  Information provided from FHWA shows the construction 

methods are similar to those described.  The overall cost for GRS-IBS projects will 

decrease with time as contractors become more familiar with the construction techniques.  

MoDOT preliminary cost estimation for a single span bridge with earth fill at each end 

bent is $100 per square foot of bridge deck (Arounpradith 2015).  Table 3.2 is a summary 

of the cost analysis of the Paris Road and Rustic Road GRS-IBS bridges.   

Table 3.2: Comparison of Unit Cost for Rustic Road and Paris Road GRS-IBS Bridges 

 Paris Road Bridge Rustic Road Bridge 

Total Cost $881,239 $375,516 

MoDOT Estimated Cost $192,000 $128,400 

Area of Abutment Face       

(sq. ft) 
2,544 1,476 

Area of Bridge Deck           

(sq. ft) 
1,920 1,284 

Cost per Area Abutment Face 

($ / sq. ft) 
346 254 

Cost per Area Bridge Deck    

($ / sq. ft) 
459 292 

MoDOT Cost per Area Bridge 

Deck ($ / sq. ft) 
100 100 

Success of these bridges depends on the fact they can be built quickly, in small 

spaces, and with a limited crew.  Currently the prices GRS-IBS constructed in Missouri 

have been higher than for conventional bridges.  The high cost of GRS-IBS is due to the 
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technology being new and contractors are currently unfamiliar with GRS-IBS.  Also the 

bridges that have been constructed are special cases.  Paris Road has special wet-cast 

concrete blocks to resist saline and freeze thaw degradation of the blocks.  The Rustic 

Road bridge has expensive instrumentation installed into the abutments.  When a GRS-

IBS bridge is constructed without special provisions the cost will begin to fall especially 

when contractors become more familiar with the construction techniques.  Another 

reason the cost for GRS-IBS is the technology itself is not a method bridge contractors 

are familiar with while at the same time MSE contractors are not familiar with bridge 

construction process.  In Defiance County Ohio GRS-IBS has been proven to be less 

costly than conventional deep foundation design when the abutments are relatively small 

(less than 20 feet) and the spans are less than 100 feet. The best application of GRS-IBS 

is over small streams and creeks.  When DOT’s budgets are getting smaller while 

demand for improved infrastructure is increasing, using money wisely is becoming 

increasingly important.  GRS-IBS bridges can help improve our highway infrastructure 

while keeping the cost down.    
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4. BRIDGE MATERIALS, DESIGN AND LAYOUT 

4.1. Design and Layout of Bridge 

The Rustic Road Bridge was designed for Boone County Public Works by the 

engineering firm of Bartlett and West of Jefferson City, Missouri.  The location of the 

site is shown in Figure 1.1.  The bridge span is 53.5 feet with a skew of 30° and 

approximate abutment heights of 13.6 feet (Figure 4.1).   

 

Figure 4.1: Plan View of Rustic Road Bridge (Bartlett & West 2014) 

Rustic Road is a dead end road with approximately 10 to 15 residences south of 

the bridge which account for average daily traffic count of approximately 400.  The 

heaviest load the bridge will experience is a school bus or farm equipment. Design loads 

used were: HS20 (36 Tons Minimum), M05, 4S3P, 3S2, and H20 (Boone County 2012).  

The design speed limit for the road after construction is 20 miles per hour (Bartlett & 

West 2014).   
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4.2. Materials Used in the Bridge 

 The backfill for GRS-IBS abutments needs to be freely draining so there are no 

additional lateral pressures on the wall from water trapped in the abutment.  The backfill 

for the abutments was AASHTO Number 89 (1/2-inch, clean). Table 4.1 shows the 

gradation for the backfill.  The backfill also had to have a plasticity index of less than six 

and a minimum internal friction angle of 38° (Bartlett & West 2014). 

Table 4.1: Gradation for Backfill AASHTO 89 

U.S. Sieve Size Percent Passing 

1/2 inch 100 

3/8 inch 90-100 

No. 4 20-55 

No. 8 5-30 

No. 16  0-10 

No. 50 0-5 

 The CMU blocks used in the abutments were 8 inches wide by 12 inches long by 

8 inches tall.  There were two colors of blocks used in the construction.  The bottom five 

lifts for each abutment were made with solid red CMU blocks, and the rest of the 

abutments used split-face gray CMU blocks.  The reason for the two different colors of 

blocks was to have a visual indication of any scour that may occur around the abutments. 

 Four types of geosynthetics were needed for the abutments. Two are geosynthetic 

reinforcements and two are separation geotextiles.  All geosynthetics used in the 

abutments were manufactured by Mirafi®.  Type A geotextile was used as geosynthetic 

reinforcement throughout the abutments.  Type A geotextile is Mirafi® HP570 which is a 

biaxial geotextile with the machine direction and cross direction strengths of 4,800 lbs/ft.  

Type B was used as geosynthetic reinforcement in the beam bearing area under the 
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girders to a depth of approximately 4.5 feet below the girder.  Type B geotextile is 

Mirafi® HP270 which is a biaxial geotextile with the machine and cross direction of 

2,640 lbs/ft.  Type A and B are both made from woven polypropylene yarns.  The two 

separation geotextiles are known as a low and high permittivity.  The low permittivity 

fabric is used throughout the abutments.  The low permittivity geotextile was Mirafi® 

180N with a permittivity of 1.4 sec-1.  The high permittivity is used in the abutments 

behind the girders to allow for drainage of the backfill without any loss of material.  The 

high permittivity geotextile was Mirafi® 160N with a permittivity of 1.5 sec-1.  The high 

and low permittivity geotextiles are both needle-punched nonwoven polypropylene 

fibers.  The purpose of the separation geotextile is to retain the backfill if some of the 

CMU block faces are damaged.   

 The girders used for the bridge were precast tub girders with the bridge deck 

integrated into the girder.  Since the bridge is expected to flood multiple times during its 

life span, there are vent holes to allow air to escape between the girders.  In the worst 

case scenario, the vent hole would become blocked, the bridge would be buoyant enough 

that the lateral force from the creek water would move the girders downstream.  In order 

to keep the girder from moving they are anchored to the abutment.  Figure 4.2 shows a 

cross-section of the tub girder. The girder anchorage system consists of a 72 inch by 18 

inch steel plate buried in the abutment backfill with a thickness of 1/2-inch with 7/8-inch 

steel threaded rod extending vertically to the surface. Figure 4.3 shows the anchor plates. 

Figure 4.4 shows a cross section view of the anchor plates installed in the abutments.  

The bridge will expand by 0.5 inches with a 50° Celsius change in temperature, assuming 
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the girder is all concrete, the coefficient of thermal expansion is 14.5x10-6 (m/(m*K)), 

and the girder is 60 feet in length.  

 

Figure 4.2: Cross Section of Tub Girders used for Rustic Road Bridge  

 (Bartlett & West 2014) 

 
Figure 4.3: Plan View of Anchor Plate Dimensions (Bartlett & West 2014) 

 

Figure 4.4: Cross Section of Anchor Plates in Abutment (Bartlett & West 2014) 
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The steel plate was placed in the abutment under approximately three feet of 

backfill and geosynthetic reinforcement layers.  The placement of the anchorage system 

was critical because holes for the rods were precast into the girders.  The rods had a very 

small tolerance for them to fit through the girders.  Once the girders were placed, a bolt 

was tightened to secure the girder onto the threaded rod.  The excess rod was cut off, and 

grout was placed over the bolt to fill in a recess in the bridge deck to cover the rod and 

fill in the hole. 

4.3. Constructability Problems during Construction 

 Following is a brief description of construction issues that arose during the 

construction of the Rustic Road Bridge.   

4.3.1. Excavation 

 Excavation for the Rustic Road foundations required the removal of limestone in 

order to have the required area for the abutment foundations.  During the excavation for 

the foundations, a substantial amount of limestone was found in the foundation area for 

both the north and south abutments.  The limestone was removed using a hydraulic rock 

breaker on the end of an excavator.  The limestone took a week to remove.  Figure 4.5 

shows the excavation process. 
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Figure 4.5 Excavation Process for the GRS-IBS Abutments at Rustic Road 

4.3.2. Leveling Course 

 A leveling course was needed to ensure a level start for the abutments.  Once the 

excavation reached the required size, all soft material was removed from the excavation 

and a minimum of 1-inch thick layer of backfill was placed and compacted.  Due to the 

removal of the limestone with the hydraulic breaker, the excavation bottom was not 

smooth and thus was difficult to remove material with the excavator’s bucket.  In order to 

remove the material to achieve a surface suitable for the foundation, the extra material 

was removed by hand shovels which took additional time.  Another issue arose during the 

compaction of the north abutment leveling course.  There was water seeping into the 

excavation at a rate at which the compactor was not able to compact the backfill to the 

specification required.  A trench was dug into the backfill that was already placed in an 

effort to collect the water in a low spot, then an electric pump was used to remove as 

much water as possible.  Once a sufficient amount of water was removed, the contractor 

compacted the trouble area to meet needed compaction requirements before more water 



   

30 

 

would enter and hinder compaction. Figure 4.6 shows the pumping of water from the 

excavation.  

 

Figure 4.6 Removal of Water from North Abutment Foundation 

4.3.3. Lift Construction 

 Each lift of AASHTO #89 stone was eight inches thick.  It is critical to make each 

row of CMU blocks as level as possible, so surveying equipment and level lines were 

used to align the blocks in the correct position.  As construction continued, the 

compaction of the backfill caused lateral movement of the CMU blocks.  In an effort to 

keep the blocks from sliding during compaction the contractor used 2 inch x 4 inch 

boards clamped to the excess geosynthetic to keep the blocks from moving (Figure 4.7).  

Also, a worker would walk on top of the blocks when the compactor was near the blocks. 
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Figure 4.7: Clamping of Excess Geosynthetic to Prevent Movement of CMU Blocks 

  

Exposed Wall Face 

Abutment 
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5. INSTRUMENTATION 

The bridge monitoring for the rustic road project consists of seven different 

instrumentation types.  On the structure there are nine piezometers, six earth pressure 

cells, one barometer, two inclinometers, four crack gages, twenty-four survey markers, 

and three settlement plates.  The north abutment has all of the electronic instrumentation 

and all of the settlement plates as well as crack gages and an inclinometer casing.  The 

south abutment has an inclinometer casing as well as crack gages.  Survey makers are on 

the front face of each bridge abutment with 12 markers arranged in a grid pattern.  The 

following is a description of each type of instrumentation.   

5.1. Geokon Instruments 

Geokon instrumentation was chosen for this project.  The instrumentation 

includes piezometers, earth pressure cells, and a barometer.  All Geokon instrumentation 

used in the north abutment operate using the vibrating wire method.  Each instrument has 

a thermometer to correct the readings for temperature effects.  Instruments have a cable 

bundle with five wires in the bundle.  The red and black wires are for the main 

instrument, green and white wires are for measuring the temperature of the device, and 

the silver wire is for grounding.  Readings from the instrument are determined by an 

electrical pulse being transmitted through the wires to a diaphragm.  As the pressure on 

the instrument changes fluid in the instrument changes a diaphragm in the instrument. 

These changes in the shape of the diaphragm result in changes in voltage response of the 

instrument.  Voltages are assumed to be linear and the resulting pressures can be 

calculated with calibration factors supplied with the instrument.   Figure 5.1 shows the 

cable bundle. 



   

33 

 

 

Figure 5.1: Geokon Cable Bundle 

5.1.1. Piezometer 

The piezometers used in the abutment are the Geokon Model 4500AL.  The 

piezometer is rated to measure pore water pressures inside of the abutment from 0-25psi 

with a sensitivity of 0.001 psi.  There are nine piezometers installed in the north abutment 

in four different lifts.  Installation of a piezometer begins by digging a hole into the 

completed lift of backfill slightly below the middle of the lift, along with making a trench 

to bury the cable to the data logger.  The piezometer is buried to protect it from the 

impact of the backfill during the construction of the overlying lift.  Fine sand is placed in 

the bottom of the hole to make a level area to place the piezometer.  The piezometer 

needs to be placed in the hole as level as possible.  After placing the piezometer, just 

enough fine sand was added to cover the instrument.  Finally, the hole was filled with 

backfill and the cable to the data logger was covered.  There were four lifts of backfill 

stone in which the nine piezometers were placed. Piezometers 1-3 are in the lowest 
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portion of the abutment, 4-5 are in the lower third of the abutment, 6-7 are in the upper 

two thirds, and 8-9 are in the upper most layers of the abutment.  Figure 5.2 shows a 

piezometer being installed. 

 

Figure 5.2: Installation of Piezometer in GRS-IBS Abutment 

5.1.2. Pressure Cells 

The earth pressure cells used in the abutment are the Geokon 4815 with a range 

from 0-50 psi and a sensitivity of 0.01 psi.  The earth pressure cells measure the total 

stress in the abutment.  Installation is similar to the installation for the piezometers with 

extra care being given to ensure there is no bending of the connector to the transducer 

housing.  Once the hole has been dug and sand has been placed, it is important for the cell 

and transducer housing to be level.  After the instrument has been leveled, it is covered 

with fine sand then with crushed limestone.  The purpose of the fine sand is to ensure an 

even distribution of pressure applied to the cell for a more accurate reading.  Earth 

pressure cells 1 and 2 were located in the first lift of the abutment backfill.  The rest of 
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the cells were located in the top of the abutment with one cell under each of the four 

bridge girders.  Figure 5.3 shows a photo of an earth pressure cell being installed. 

 

Figure 5.3: Installation of Earth Pressure Cell in GRS-IBS Abutment 

5.1.3. Barometer 

There was one barometer on site.  It is the Geokon 4580 and its range is from 0-

2.5 psi with a sensitivity of 0.0001 psi.  The barometer is needed to calculate the 

barometric pressure to correct the readings from the piezometers and the earth pressure 

cells.  Since the piezometers and earth pressure cells are unvented, the change in 

atmospheric pressure influences the data readings from the instruments.  Units of pounds 

per square inch (psi) were chosen to simplify the barometric correction process. Figure 

5.4 shows a picture of the barometer. 
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Figure 5.4: Geokon Barometer in the Rustic Road Bridge Site 

5.1.3. Data Logger  

The instrumentation in the north abutment was connected to the Geokon 8002-1 

data logger.  The logger has 16 channels and was set to record readings every two hours.  

After the cable was inserted through a hole in the bottom of the data logger, the wires 

were then connected to the terminal in the following order: starting at the top and 

working down; red, black, green, white, and ground.  The connection order is shown in 

Figure 5.1 and the list of which instrument corresponds to which channel is shown in 

Table 5.1. 
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Table 5.1: List of Channels and Corresponding Instrument  

Channel Instrument 

01 Piezometer 01 

02 Piezometer 02 

03 Piezometer 03 

04 Piezometer 04 

05 Piezometer 05 

06 Piezometer 06 

07 Piezometer 07 

08 Piezometer 08 

09 Piezometer 09 

10 Barometer 

11 Earth Pressure Cell 01 

12 Earth Pressure Cell 02 

13 Earth Pressure Cell 03 

14 Earth Pressure Cell 04 

15 Earth Pressure Cell 05 

16 Earth Pressure Cell 06 

 

The data logger was located on site within a National Electrical Manufactures 

Association (NEMA) Box located on a 4 inch x 4 inch wooden post on the east side of 

the north abutment.  The NEMA box is designed to be water tight, but in order to get the 

instrumentation cables into the box holes were drilled through the bottom.  The bottom of 

the box was located above the 100-year flood level, 690.0 feet elevation, to prevent 

shorting of the electrical box.   
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Figure 5.5: Plan View of NEMA Box Location 

Geokon provides a software program called “LogView ®” to download the data. 

The program can be installed on any computer.  LogView ® is designed to input the 

calibration factors so that when new data are downloaded, the output is the pressure in 

pounds per square inch (psi) and the temperature is in Celsius (°C).   Figure 5.6 shows the 

logger in the NEMA box. 
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Figure 5.6: Geokon Data Logger in NEMA Box 

5.2. Inclinometers 

The inclinometer system chosen for the project was manufactured by Slope 

Indicator consisting of inclinometer casing and a probe to measure the deflection of the 

casing.  Inclinometers are typically used for measuring the movements of a slope but for 

this project they were used to monitor the lateral deflections of the bridge abutments.  

There are two inclinometers for this project.  One is in the north abutment in the center of 

the southbound lane and the other is in the south abutment in the northbound lane of 

travel.  In order to protect the casings, they were cut a few inches below the road bed and 

have a small manhole cover for protection.   

5.2.1. Inclinometer Casing 

The inclinometer casing is made by Slope Indicator and is PVC pipe with a set of 

grooves on the inside of the pipe at ninety degrees to each other (Figure 5.7).  Casing 
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comes in ten foot lengths that can be snapped together to keep the grooves aligned.  The 

grooves are needed to direct a downhole probe which measures the casing deflections.  

Installation of the casing requires them to be installed such that the bottom of the casing 

cannot move.  This was done by having the contractor chip a hole into the bedrock big 

enough for the casing which was then grouted into the hole (Figure 5.8).  The final length 

of the casings after installation was 14 feet. 

 

 

Figure 5.7: Cross Section of Inclinometer Casing 

5.2.2. Downhole Inclinometer Probe 

The downhole inclinometer probe was two feet long and contains two 

accelerometers to measure the tilt of the probe as it was lowered down the inclinometer 

casing. The accelerometers were set ninety degrees to one another giving two directions 

of deflections which allows for measuring the deflections if they are not parallel to the 

expected direction of movement.  The probe also has two sets of wheels which are the 

A0 Survey Groove 
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same size as the grooves in the casing allowing for the probe to travel the same path for 

each reading.  A photo of the inclinometer probe can be seen in Figure 5.9. 

         

Figure 5.8: Installed Inclinometer Casing           Figure 5.9: Downhole Inclinometer Probe 

 

5.2.3. Data Acquisition System and Software 

The system set up for data collection consists of the probe, connecting cable, 

pulley assembly, and Digitilt DataMate II ® data logger. When all of the connections 

have been made, the probe was lowered down the casing with the wheels in the correct 

orientation. In order to center the cable in the casing, a pulley assembly was used which 

can be seen in Figure 5.10.   
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Figure 5.10: Pulley Assembly of Inclinometer Probe 

 

The assembly holds the cable in place while taking readings.  Any movements 

while taking readings can affect the results from the probe.  The inclinometer data were 

collected from the bottom to the top of the casing.  Then, the probe was rotated 180 

degrees, lowered into the casing and raised again so that the data logger can correctly 

measure the defections of the casing.  Once the data have been collected, they can be 

downloaded using the software package “DigiPro2 ®” from Slope Indicator.  Figure 5.11 

shows the location and orientation of the inclinometer casings.   
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Figure 5.11: Locations and Orientation of Inclinometer Casings at the Rustic Road Site  

 

5.3. Settlement Plates 

Settlement plates were used to measure the vertical settlements within the 

abutments.  The settlement plates consist of a quarter-inch thick steel plate measuring 12 

inches by 12 inches.  A hole was drilled in the center of the plate to allow for a threaded 

rod to be attached to the plate.  The threaded rods came in 3-foot lengths and were 

connected using an extender.  PVC pipe was used to cover the rod so the backfill would 

not be in contact with the rod.  The advantage of the rod being extended in 3-foot sections 

was that the settlement plates were not in the way of the construction process. All three 

settlement plates were installed into the north abutment. They were all installed vertically 

above one another at different depths to make construction of the abutment easier.  Plate 

one was on the first layer of backfill, the second was in the middle, and the third was in 

the top layer of backfill.  In order to keep the group of settlement plate tops close 

together, a slot was cut into the upper two of the plates which allowed for the PVC from 
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the lower settlement plate to slide into the slot.  The three settlement plates all come to a 

single small manhole cover located in the north abutment in the north bound traffic lane. 

Figure 5.12 shows the locations of the settlement plates in the north abutment. Figure 

5.13 shows the settlement plate group.  

 

Figure 5.12: Settlement Plate Locations in the North Abutment  
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Figure 5.13: a. Elevation view of Settlement Plate Group b. Details of Settlement Plates 

Settlement plates work by having an anchor plate in the backfill with a rod 

sticking up that has no contact with the surrounding backfill.  As the abutment settles, the 

plate will move down and the rod will also move down with the plate.  The change in 

elevation of the top of the rod is an indication of the amount of settlement at known 

depths within the abutment.  The settlement plates are labeled top, middle, and bottom to 

correspond to their depth in the abutment.  Figure 5.14 shows the placement of a 

settlement plate base.  Figure 5.15 shows all three settlement plates at the surface of the 

road.  

5.13a 5.13 b 
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Figure 5.14: Placement of Settlement Plate  Figure 5.15: Manhole Cover with  

Settlement Plates   

5.4. Survey Markers 

Survey markers were installed by screwing them into the abutment face.  Figure 

5.16 shows a close up picture of a survey marker. The installation of the survey markers 

was done by the contractor.  Survey markers were installed in a grid pattern, four high by 

three wide. Surveying was done by the City of Columbia survey team and the markers 

were surveyed once every three months.  Figure 5.17 shows the locations of the survey 

markers for the north abutment.  Figure 5.18 shows the locations of the south abutment 

survey markers.  The survey markers installed are Berntsen RSAK80 Retro Reflective 

Angle Targets.  
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Figure 5.16: Survey Marker Installed on Abutment Face 

 

Figure 5.17: Survey Marker Locations for North Abutment 
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Figure 5.18: Survey Maker Locations for South Abutment 

 

5.5. Crack Gages 

The bridge developed cracks along the sides of the abutments, and were first 

noticed before the pavement had been placed.  The crack gages are made by Humboldt 

and the manufacture number is H-2936A.  All of the cracks were approximately the same 

distance back from the wall face on the sides of the abutment running parallel with the 

road.  Crack gages were installed in order to monitor movement of the cracks over time.  

The crack gages work by having two sides of the gage epoxied to the wall face with a one 

millimeter grid on one side of the gage and a crosshairs on the other.  Figure 5.19 shows a 

picture of the southwest wing wall for reference. Figure 5.20 shows crack gage detail. 

Figure 5.21shows the crack on the Southwest wing wall. Figure 5.22 is a plan view of the 

crack gage locations. 
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Figure 5.19: Crack Gage Location on Southwest Wing Wall 

 
Figure 5.20: Crack Gage Detail 

 
Figure 5.21: Crack on Southwest Wing Wall 
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Figure 5.22: Crack Gage Locations 

5.6. Plan Layout 

 The layout of the instrumentation was intended to minimize interference with the 

construction while allowing for collection of the desired data.  The number of instruments 

was determined by the number of available channels in the Geokon data logger (15 

channels remaining after one was used for the barometer). 
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5.6.1. Logic of Placement for Piezometers 

 The piezometer locations were chosen to give a representative distribution of the 

pore water pressures within the north abutment.  After the number of earth pressure cells 

(6) was known, the remaining channels (9) were available for piezometers.  The 

distribution of the piezometers can be seen in Figure 5.23.  The positions were 

determined to spread the piezometers through the north abutment so accurate pore 

pressure data could be obtained as well as a sense as to how the water moves through the 

abutment during high flow events in the creek.  

 

Figure 5.23: Location of Piezometers in North Abutment 
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5.6.2. Logic of Placement for Earth Pressure Cells 

 The number of earth pressure cells needed was six because one needed to be 

placed under each of the bridge girders and two needed to be placed in the first level of 

the abutment.  Earth pressure cells are located under each of the four bridge girders to 

determine the effects of uplift on the girders if a high water event occurs.  The 

distribution of the earth pressure cells can be seen in Figure 5.22. 

 

Figure 5.24: Locations of Earth Pressure Cells in North Abutment 
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6. DATA 

6.1. Geokon Data 

 The following is a summary of data collected from the Geokon data logger during 

the time period from construction of the bridge from February 25, 2015 to July 21, 2015.   

6.1.1. Piezometer Data 

Figure 6.1 shows the pore water pressures and the daily precipitation from the 

placement of the bridge girders on February 25th to the 21st of July 2015. Precipitation 

data are the average of three University of Missouri weather stations within 2 miles of the 

bridge.  The weather stations are: Capen Park, Sanborn Field – University of Missouri, 

and Jefferson Farm and Gardens.  The data show a spike in pore water pressures when a 

rain event occurs.  The lowest set of piezometers shows an average pressure of 135 psf 

(2.2 feet of water) and a maximum reading on July 1st of 455 psf (7.3 feet of water).  

According the highest reading there was approximately 4.35 feet of freeboard.  

Piezometer 4 showed an increase in the pore pressure only during high water events with 

a range from 0 psf to 230 psf (3.6 feet of water) on July 1st.  Piezometers 6 and 7 only 

show 3 spikes in the water pressures indicating submergence three times.  The range for 

piezometer 6 and 7 was from 0 psf to 60 psf (1 foot of water).  Piezometers 8 and 9 were 

never submerged from creek water but did show an increase in pore pressure on April 2nd.  

The range for piezometer 8 and 9 was from -20 psf to 20 psf (negative indicates suction 

with a range of ±0.3 feet.  The July 1st rain event resulted in debris accumulating on the 

downstream side of the north abutment which indicated 4.75 feet of freeboard which is 

larger than the piezometer reading of 4.1 feet of freeboard. 
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Figure 6.1: Pore Water Pressures with Time from February 25, 2015 to July 21, 2015 

Note, piezometer 5 is not listed on the plot.  The piezometer was working when 

installed but quit working prior to completion of the bridge.  Piezometer 9 was working 

until May 7th when the piezometer quit working.  See Figure 5.16 for locations on 

piezometers 5 and 9.   

On April 2nd there was a rain storm and piezometers 8 and 9 showed an increase 

in pore pressure.  Piezometer 8 increased from -15 psf to 25 psf and piezometer 9 

increased -30 psf to 15 psf.  These large increases only occur for the rain event on April 

2nd and are only seen in piezometer 8 and 9 which are located highest in the abutment.  

Piezometer 8 does have some minor fluctuations with pore pressure readings from -50 psf 

to 0 psf.  When piezometer 8 approaches 0 psf, it is during periods of prolonged rain.   

PZ-1, 2, and 3 

PZ-4 

PZ-6 and 7 

PZ-8 



   

55 

 

6.1.2. Specific Rain Event Effects on Pore Pressures and Total Pressures 

 Figure 6.2 shows the pore water pressure during a rain event from June 16th to 

June 19th and was chosen to demonstrate the drainage rate of the abutment backfill.  

Piezometer 4 had a peak value of 210 psf (3.4 feet of water) at 12:00pm on June 17th and 

piezometers 1, 2, and 3 had values at 435 psf (7.0 feet of water) at the same date and 

time.  After six hours, piezometer 4 had no excess pore water pressure, a lowering of 3.4 

feet in water pressure head.  During the same six hours piezometers 1-3 dropped by 3.3 

feet of water pressure head.  The drop in pressures is an indication the backfill drains 

rapidly because piezometers 1, 2, 3, and 4 read the same drop in pore pressures at 

different levels in the abutment.  Figure 6.3 shows the earth pressures from the same rain 

event June 16 through June 19, 2015. 

 

Figure 6.2: Pore Water Pressures from June 16 to June 19, 2015 
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Figure 6.3: Total Pressures from Earth Pressure Cells June 16 to June 19, 2015 

 The data from the earth pressure cells is from the same time period as the 

piezometer data.  Earth pressure cells 1, 2, 3, and 4 show minor increases in total pressure 

during the rain event and a small drop in pressure after the rain event.  Earth pressure 

cells 5 and 6 show no change in pressure during the rain event but the variations seem to 

be in the opposite direction.  The pressure changes in the data are very small and with 

other trends in the pressure data there is no conclusion that can be drawn from the data.  
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6.1.3. Earth Pressure Cell Data 

 Figure 6.4 shows the earth pressure cell data versus time from February 25th to 

July 21st, 2015.  The data show a general increase in the pressures from the time of girder 

placement to about the end of June.  One possible explanation of this is the pressure cells 

must have uniform contact on the pressure cell and as the backfill has settled there has 

been better contact with the pressure cell.  Locations of the earth pressure cells can be 

seen in Figure 5.17.  The pressures in cells 3 and 4 increased on April 9th for an unknown 

reason.  Earth pressure cell 3 increased by 910 psf and earth pressure cell 4 by 1,015 psf. 

The increase in pressures in earth pressure cells 3 and 4 has been relatively constant since 

April 9th thus the data logger may be malfunctioning.  The error is likely attributed to the 

data logger because the differences between the earth pressure cells remains constant for 

the rest of the data collected.   
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Figure 6.4: Total Pressure with Time from February 25, 2015 to July 21, 2015 

   Figure 6.5 shows the results of the earth pressure cells with the sudden increase 

in pressure (April 9, 2015) subtracted from the earth pressure 3 and 4 data.  The data 

were corrected due to the increase of earth pressure cell 3 and 4 by nearly 1,000 psf on 

April 9th from 10:00am to 12:00pm.  When the increase is subtracted from the data after 

April 9th
, the readings from earth pressure cells 3 and 4 are in the same range of earth 

pressure cells 5 and 6.  This is logical since the cells (3, 4, 5, and 6) are at the same 

elevation. 
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Figure 6.5 Total Pressures with Time, Correcting for Earth Pressure Cells 3 and 4 (April 

9, 2015 Sudden Increase) 

  Figure 6.6 shows the total pressures and temperatures for the period from July 5th 

to July 15th, 2015. The “estimated” total pressures acting on earth pressure cells 1 and 2 is 

2200 psf which is accurately reflected from the data.  Earth pressure cells 3 and 4 have 

pressures of 1800 psf and earth pressure cells 5 and 6 average 2,700 psf.  When the 

increase in pressure from April 9th is subtracted from earth pressure cells 3 and 4, the 

average is 1800 psf.  The “estimated” total pressures for earth pressure cells 3, 4, 5, and 6 

is 1,300 psf which is 500 psf lower than the data collected.   Calculations for the 

“estimated” total pressure come from using 125 pounds per cubic foot (pcf) for the unit 

weight multiplied by the depth the instrument was installed plus the pressure (psf) of the 

bridge girder.  One girder weights 48,500 lbs total, so assuming the weight of the girder 

is evenly divided between both abutments, the weight supported is 24,250 lbs resting on 
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an area 3.5 feet by 6.0 feet.  The pressure applied from the one girder is 1,150 psf.  Since 

earth pressure cells 3 through 6 are located under the girders, the pressure they 

experience should be the girder pressure plus the soil pressure.  The soil pressure for 

earth pressure cells is calculated using a unit weight of 125 pcf multiplied by the depth 

(2.3 feet) resulting in a total pressure on earth pressure cells 3 through 6 of 1,500 psf.  

The calculation for earth pressure cells 1 and 2 are the same and result in an estimated 

pressure of 2,700 psf (assuming 12.5 feet of backfill above the cells). 

 

Figure 6.6: Total Pressures and Temperatures from July 5 to July 15, 2015 

 The data from Figure 6.6 also show the temperature effects on the data readings.  

There is a daily fluctuation based on the air temperatures.  The temperature readings are 

taken from the thermometer in the barometer.  The daily high temperature corresponds to 

the lowest pressure reading for all earth pressure cells except pressure cell 6 which has an 
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increase in pressure.  When the temperature begins to decrease the pressures begin to rise.  

The instrumentation has been calibrated to correct for temperature effects so the 

fluctuations should not be due to temperature variation of the instrumentation.  Also 

shown in Figure 6.6 is that the temperatures of the instrumentation are relatively constant 

compared with the air temperatures, but the pressure readings have a daily cycle.  There 

is another trend of the pressures increasing and decreasing with the instrument 

temperatures of the earth pressure cells over the course of days.  The temperatures from 

the earth pressure cells represent the ground temperatures, which would not be expected 

to change rapidly.   

Figure 6.7 was included to show the data with the sudden pressure increase on 

April 9th subtracted. The resulting correction and closer inspection revealed the average 

total pressure for earth pressure cells 3 through 6 to be 1,800 psf which is still 500 psf 

higher than estimated by calculating the depth of overburden. 
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Figure 6.7: Corrected Total Pressures and Temperatures from July 5 to July 15, 2015 

(April 9, 2015 Sudden Increase) 

 Figure 6.8 shows the correlation between the instrumentation temperature and 

total pressure for the earth pressure cells.  Figure 6.9 shows the same data, 

instrumentation temperature versus the total pressures for the earth pressure cells; 

however, 3 and 4 was corrected for the April 9, 2015 sudden increase.  The general trend 

is as the instrumentation temperature increases the pressure increases linearly. 
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Figure 6.8: Instrument Temperature vs Total Pressure for the Earth Pressure Cells 

Figure 6.9: Instrument Temperature vs Total Pressure Corrected for Cells 3 and 4 (April 

9, 2015 Sudden Increase) 
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6.2. Inclinometer Data 

 The inclinometer probe measures the angle from vertical in two directions which 

are perpendicular to each other.  Figure 5.7 shows the orientation of the two directions in 

the inclinometer casing.  Figure 5.11 shows the directions of the A0 groove for both 

abutments. 

6.2.1. North Abutment Data 

Figures 6.10 and 6.11 show the inclinometer data collected from March 19th to 

July 21, 2015.  The profile shown in Figures 6.10 and 6.11 show the change in position of 

the inclinometer casing in the north abutment overtime.  Figures 6.12 and 6.13 show the 

profile change between each data collection time.  Since the inclinometers have been 

installed there has been less than 0.1 inches of movement in either the “A” or “B” 

direction, thus there has been no active movement in the north abutment.   

        
  Figure 6.10: North Abutment Profile “A”         Figure 6.11: North Abutment Profile “B” 



   

65 

 

       
Figure 6.12: North Abutment Profile “A”        Figure 6.13: North Abutment Profile “B”

 Change from Initial Reading                   Change from Initial Reading 

Figure 6.14 shows a plan view of the movement of the top of the inclinometer based 

on the total change in profile for the upper most reading.  The north inclinometer has 

moved 0.1 inches towards the northwest as shown by the last data (7/21/15) point in 

Figure 6.14.  Figure 6.15 shows the total movement of the inclinometer in the north 

abutment.  The total movements were calculated using the profile change in the “A” and 

“B” directions as the legs of a Pythagorean triangle resulting in a movement of 0.1 inches 

since the initial reading.   The movement of the inclinometer has been in the top 7.5 feet 

of the abutment as shown in Figure 6.15. 
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Figure 6.14: North Abutment Top of Inclinometer Position Change 

 

Figure 6.15: North Abutment Total Profile Change 
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6.2.2. South Abutment Data 

Figure 6.16 and Figure 6.17 show the profile for the south abutment from March 

19th to July 21st, 2015.  The profile shown is the position of the inclinometer casing in 

the south abutment.  Figure 6.18 and Figure 6.19 show the change in the profile between 

each measurement.  Figure 6.18 shows no movement in the inclinometer casing since the 

first measurement was taken on the March 19th.  Figure 6.19 shows there has been 0.25 

inches of movement in the abutment since the first reading. 

        

Figure 6.16: South Abutment Profile “A”        Figure 6.17: South Abutment Profile “B” 
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Figure 6.18: North Abutment Profile “A”        Figure 6.19: North Abutment Profile “B”

 Change from Initial Reading                   Change from Initial Reading 

Figure 6.20 shows a plan view and Figure 6.21 shows the profile movement of the 

inclinometer with time. The latest data (7/21/15) from the south inclinometer shows there 

has been 0.25 inches of movement in the northeast direction since the first reading.  The 

total profile change was calculated the same way as the north abutment.  The movement 

of the south abutment is located in the top 7.5 feet of the abutment and is twice the 

amount of movement observed in the north abutment (0.1 inches).   
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Figure 6.20: South Abutment Top of Inclinometer Position Change 

 

Figure 6.21: South Abutment Total Profile Change 
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6.3. Survey and Settlement Plate Data 

 The survey data were divided into each abutment.  Then each abutment was 

further divided into 4 different regions; surface, upper, middle, and lower.  Figure 6.22 

shows the locations of the surface survey points for both the north and south abutments.  

Figure 6.23 shows the north abutment divisions and Figure 6.24 shows the south 

abutment divisions.   

 

Figure 6.22: Surface Survey Points for North and South Abutments 

  



   

71 

 

 

Figure 6.23: Elevation View of North Abutment Showing Survey Divisions 

 

Figure 6.24: Elevation View of South Abutment Showing Survey Divisions 

6.3.1. North Abutment Survey Data 

 The surface survey data comes from the corners of the east and west corral rails 

on the north end of the bridge as well as data from the inclinometer casing and 

inclinometer movements measured at the top of the casing (Figure 6.22).  Figures 6.25 

and 6.26 show the movements according to the survey data provided from the City of 

Columbia Survey crew.  Figure 6.25 shows the lateral displacement of the corners of the 

corral rail at the north abutment and inclinometer casing movement.  The inclinometer 

data measured from the Slope Indicator system is included on the lateral movement plot 

as well.  Figure 6.26 shows the settlement compared to the first survey on the 10th of 

April 2015.  Table 6.1 summarizes total movements from the first survey. 
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Figure 6.25: North Abutment Surface Lateral Movement 

     

 

      Figure 6.26: North Abutment Surface Settlement 
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Table 6.1: North Abutment Surface Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Inclinometer Casing 

Survey 
4/10/15 – 6/1/15 0.12 0.12 

Northeast Corral 

Rail 
4/10/15 – 6/1/15 0.17 0.12 

Northwest Corral 

Rail 
4/10/15 – 6/1/15 0.12 0.12 

Inclinometer 

Movement 
3/19/15 – 5/21/15 0.10 N/A 

 The lateral movements of the north abutment have all been less than 0.2 inches 

and the data from the inclinometer readings are similar to the observed values from the 

survey crews.  The inclinometer casings for the north and south abutments were surveyed 

on the A0 groove ensuring the same point is surveyed every time.  Figure 5.7 shows 

where the survey location is for the A0 location.  

Data for the upper section (Figure 6.23) uses survey markers N-1 through N-3, the 

upper settlement plate rod, and inclinometer data from the same level as the survey 

markers.  Figures 6.27 and 6.28 show the lateral movement and vertical settlement of the 

upper most layer of survey markers on the north abutment.  Figure 6.27 shows the lateral 

movements of the markers to be less than 0.25 inches and the inclinometer deflections at 

the same depth are less than 0.1 inches.  Figure 6.28 shows the settlement of the survey 

markers are the same or less than the settlement plate rod at the same level. The 

difference in settlement between the inclinometer casing and the survey markers indicates 

the backfill is settling more than the wall face.  Table 6.2 summarizes the movements of 

the last reading for all data points in the upper survey section of the abutment.  Lateral 

movements are all similar and settlements are negligible for the upper layer of survey 

markers.   
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Figure 6.27: North Abutment Upper Lateral Movement   

 

Figure 6.28: North Abutment Upper Settlement 
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Table 6.2: North Abutment Upper Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Upper Settlement 

Plate Rod 
4/10/15 – 6/1/15 0.17 0.07 

Survey Marker N-1 4/10/15 – 7/31/15 0.22 0.06 

Survey Marker N-2 4/10/15 – 7/31/15 0.13 0.04 

Survey Marker N-3 4/10/15 – 7/31/15 0.08 0.02 

Inclinometer 

Movement 
3/19/15 – 7/21/15 0.07 N/A 

 

  The middle layer of the north abutment contains data from survey markers 

labeled N-4 to N-9, the middle settlement plate movements, and inclinometer data points 

from the same level as the survey markers.  The lateral movements (Figure 6.29) of the 

north abutment are less than 0.2 inch.  The lateral movements of the inclinometer casing 

are less than the movements of the survey markers meaning the block faces are moving 

slightly but the interior of the abutment is not moving.  Settlements shown in Figure 6.30 

are less than 0.1 inch. Table 6.3 is a summary of the movements of all the middle section. 
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Figure 6.29: North Abutment Middle Lateral Movement 

Figure 6.30: North Abutment Middle Settlement 
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Table 6.3: North Abutment Middle Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Middle Settlement 

Plate Rod  
4/10/15 – 6/1/15 0.10 0.16 

Survey Marker N-4 4/10/15 – 7/31/15 0.14 0.01 

Survey Marker N-5 4/10/15 – 7/31/15 0.10 0.04 

Survey Marker N-6 4/10/15 – 7/31/15 0.14 0.07 

Survey Marker N-7 4/10/15 – 7/31/15 0.10 0.04 

Survey Marker N-8 4/10/15 – 7/31/15 0.07 0.05 

Survey Marker N-9 4/10/15 – 7/31/15 0.09 0.04 

Inclinometer 

Movement 
3/19/15 – 7/21/15 0.04 N/A 

 

 The lower layer of the north abutment has data from survey markers N-10 through 

N-12, the lowest settlement plate rod, and inclinometer data at the same level as the 

survey markers.  Figure 6.31 shows the lateral movements are all less than 0.15 inches 

and the movement occurred in the month after construction of the bridge. The settlements 

are shown in Figure 6.32 and show settlements of less than 0.1 inches.  Table 6.4 has a 

summary of the lateral movements and settlements.  The lateral movement is 0.10 inches 

along the wall face and the inclinometer reading is considerably less.   
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Figure 6.31: North Abutment Lower Lateral Movement 

Figure 6.32: North Abutment Lower Settlement 
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Table 6.4: North Abutment Lower Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Lower Settlement 

Plate Rod 
4/10/15 – 6/1/15 0.12 0.10 

Survey Marker     

N-10 
4/10/15 – 7/31/15 0.13 0.04 

Survey Marker     

N-11 
4/10/15 – 7/31/15 0.09 0.00 

Survey Marker     

N-12 
4/10/15 – 7/31/15 0.09 0.04 

Inclinometer 

Measurement 
3/19/15 – 7/21/15 0.03 N/A 

 

6.3.2. South Abutment Survey Data 

 The south abutment surface data uses survey data from the east and west corral 

rails on the south abutment, the inclinometer casing, and the measured inclinometer 

movements.  Figure 6.33 shows the lateral surface movements with a range of 

movements from 0.1 inches to 0.3 inches.  The settlement for the southeast corner has the 

most settlement of 0.5 inches (Figure 6.34).  Settlements of the southeast corner of the 

bridge is the settlement from the initial survey (4/10/15) and one survey (6/1/15), another 

survey will need to be completed to confirm movements.  Table 6.5 contains the lateral 

movements and settlement for the surface survey data.  The lateral movements range 

from 0.15 inches to 0.27 inches. 
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Figure 6.33: South Abutment Surface Lateral Movement 

 
Figure 6.34: South Abutment Surface Settlement 
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Table 6.5: South Abutment Surface Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Inclinometer Casing 

Survey 
4/10/15 – 6/1/15 0.12 0.24 

Southeast Corral 

Rail 
4/10/15 – 6/1/15 0.27 0.48 

Southwest Corral 

Rail 
4/10/15 – 6/1/15 0.17 -0.02 

Inclinometer 

Measurement 
3/19/15 – 5/21/15 0.26 N/A 

 

 The south abutment upper data uses survey markers S-1 through S-3 and 

inclinometer data measured at the same depth in the abutment.  The lateral movements in 

Figure 6.35 shows maximum movement for survey marker S-1 and S-2 of less than 0.15 

inches.  Figure 6.36 shows maximum settlements of less than 0.1 inches.  Table 6.6 

summarizes the movements from the data.  The data from the table are consistent with the 

movements measured.  The lateral deformations of the inclinometer data from this depth 

are larger than the survey markers on the face of the abutment which again means there is 

some small movement in the interior of the abutment but not on the face. 



   

82 

 

     
Figure 6.35: South Abutment Upper Lateral Movement 

 
Figure 6.36: South Abutment Upper Settlement 

  

 



   

83 

 

Table 6.6: South Abutment Upper Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Survey Marker S-1 4/10/15 – 7/31/15 0.13 0.00 

Survey Marker S-2 4/10/15 – 7/31/15 0.06 -0.01 

Survey Marker S-3 4/10/15 – 7/31/15 0.13 0.05 

Inclinometer 

Measurement 
3/19/15 – 7/21/15 0.19 N/A 

 

The data for Figures 6.37 and 6.38 use survey markers S-4 through S-9 and the 

inclinometer data from the same depth as the survey markers.  The lateral movements 

shown in Figure 6.37 show there were movements between 0.1 and 0.2 inches for all the 

survey markers but the last survey data (7/31/15) shows the movements are less than 0.1 

inches.  Settlements shown in Figure 6.38 are all less than 0.1 inches.  Table 6.7 

summarizes the data from the middle section of the survey data.  The lateral movements 

and settlements are the change from the first survey and are all less than 0.10 inches.  The 

measured inclinometer movements are again larger than the surveyed movements 

indicating movements within the abutment but are not reflected at the wall face. 
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Figure 6.37: South Abutment Middle Lateral Movement 

 

 
Figure 6.38: South Abutment Middle Settlement 
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Table 6.7: South Abutment Middle Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Survey Marker S-4 4/10/15 – 7/31/15 0.10 0.04 

Survey Marker S-5 4/10/15 – 7/31/15 0.07 0.04 

Survey Marker S-6 4/10/15 – 7/31/15 0.04 0.00 

Survey Marker S-7 4/10/15 – 7/31/15 0.03 0.01 

Survey Marker S-8 4/10/15 – 7/31/15 0.10 0.04 

Survey Marker S-9 4/10/15 – 7/31/15 0.10 0.07 

Inclinometer 

Measurement 
3/19/15 – 7/21/15 0.13 N/A 

 

The data for the south abutment lower section comes from survey markers S-10 

through S-12 and the inclinometer data from the corresponding depth.  Figure 6.39 is a 

plot of the lateral movements at this level.  The lateral movements at this depth are all 

less than 0.15 inches and there was no additional movement after the first month of 

construction. Figure 6.40 shows settlements of less than 0.10 inches occurred in the first 

month after construction after which there was no further settlement.  Table 6.8 contains 

the changes in lateral movement and settlement since the first survey.  The lateral 

movements in the lower part of the abutment are less than 0.15 inches and are consistent 

with movements measured from the rest of the survey markers.  Settlements in this 

section are all less than 0.10 inches and the settlements all occurred in the first month 

after construction (Figure 6.40). 
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Figure 6.39: South Abutment Lower Lateral Movement 

 
Figure 6.40: South Abutment Lower Settlement 
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Table 6.8: South Abutment Lower Movement from Initial Reading 

Survey Point Period 
Lateral Movement 

(inch) 
Settlement (inch) 

Survey Marker S-10 4/10/15 – 7/31/15 0.13 0.02 

Survey Marker S-11 4/10/15 – 7/31/15 0.03 0.06 

Survey Marker S-12 4/10/15 – 7/31/15 0.07 0.08 

Inclinometer 

Measurement 
3/19/15 – 7/21/15 0.07 N/A 

 

6.3.3. Average Lateral Movement and Average Settlement 

 The data for the average lateral movement and average settlement were calculated 

by averaging the difference from the first survey and the last survey for all the survey 

points in the survey section (surface, upper, middle, and lower Figure 6.22 – Figure 6.24).  

Figure 6.41 is the plot of the average lateral movements over time.  The calculated 

average lateral movement for all the survey levels was 0.12 inches.  Figure 6.42 shows 

the average settlements with time and the average is 0.01 inches.  The surface survey 

targets were first recorded by the City of Columbia survey crew on April 10, 2015 at the 

request of the research team to monitor movements.  The lateral movements and 

settlements for the surface targets are based on an initial survey and one other survey. 

Another survey is needed to confirm movements of these targets.  Table 6.9 summarizes 

the averages at each survey level for lateral movements and settlements. 
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Figure 6.41: Average Lateral Movements 

Figure 6.42: Average Settlements 
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Table 6.9: Average Lateral Movement and Average Settlements from 4/10/15 – 7/31/15 

Survey Level 
Average Lateral Movement 

(inch) 

Average Settlement  

(inch) 

North Surface  0.14 0.12 

North Upper 0.14 0.04 

North Middle 0.13 0.04 

North Lower 0.11 0.02 

South Surface 0.19 0.23 

South Upper 0.11 0.01 

South Middle  0.07 0.03 

South Lower 0.08 0.06 

 

 These average movements are not considered significant movement according to 

Moulton et. al. 1985.  The limits for tolerable movements for horizontal movements are 

1.0 inch. The largest horizontal movement occurs at the southeast corral rail with 

movement of 0.27 inches.  The largest differential settlement is 0.36 inches from the 

northwest corral rail to the southeast corral rail.  This settlement creates and angular 

distortion of 0.0005 which is a factor of 10 less than 0.005 recommended by Moulton et. 

al. 1985. The recommendations from Moulton et. al. 1985 are for conventional bridge 

foundations and not specific for GRS-IBS.   
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6.4. Crack Gage Data  

 The crack gages where installed on each of the corners after cracks had developed 

in the abutment wall.  All of the cracks are located approximately 9.5 feet from the wall 

face and correspond to the end of the bearing bed (Figure 6.43).   

 

Figure 6.43: Crack Gage Locations 

 

The crack gages monitor changes in the crack width.  Figure 6.44 shows the 

movements of the crack gage located on the northeast wing wall of the north abutment.  

The northeast crack gage has not moved since installation (3/31/15 – 7/21/15).  The 

location of the zero reading is where the cross-hairs of the gage were located when 

installed (-15 mm, 0 mm).   

 

NE Crack Gage 

NW Crack Gage 

SE Crack Gage 

SW Crack Gage 
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Figure 6.44: Northeast Wing Wall Crack Gage Movement (3/31/15 – 7/21/15) 

 The movements from the crack gage located on the northwest wall of the north 

abutment can be seen in Figure 6.45.  The movement of the crack expanded by 1mm 

from 4/23/15 to 5/21/15 but has closed as of 7/21/15.  The northwest crack also translated 

by 1 mm after installation and has remained at that position since.  
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Figure 6.45: Northwest Wing Wall Crack Gage Movement (3/31/15 – 7/21/15) 

 Figure 6.46 shows the movements of the southeast crack gage.  The movement of 

the crack has been 1 mm of expansion and 1 mm of translation. 

 
Figure 6.46: Southeast Wing Wall Crack Gage Movement (3/31/15 – 7/21/15) 

 Figure 6.47 is movement of the southwest crack gage.  The southwest crack gage 

data shows expansion of 1 mm and has translated -1 mm. 
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Figure 6.47 Southwest Wing Wall Crack Gage Movement (3/31/15 – 7/21/15) 

 The translation of the crack gages indicate movements in the direction shown in 

Figure 6.48.  Translational movements can be recorded but the movements are relative to 

the gage.  There are no data to determine which side of the crack is stable and which side 

is moving. 

 

Figure 6.48: Crack Gage Translational Movement 

Translational Movement 
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 The locations of the cracks are in the same area of the abutment wall face within 

four inches of each other (Figure 6.43).  This distance from the wall face corresponds to 

the end of the bearing beds away from the bridge girders.  The bearing bed is a portion of 

the GRS-IBS under the bridge girders to provide additional strength to support the girders 

(Figure 6.49). 

 

Figure 6.49: Bearing Bed Details (Bartlett & West 2014) 

6.5. Summary of Performance of the GRS-IBS 

 The data collected thus far has been useful in determining initial performance of 

the Rustic Road GRS-IBS Bridge.  The piezometers’ response mirrors that of the creek 

level which indicates the backfill is quick-draining and does not build excess pore water 

pressures.  The earth pressures measured by the earth pressure cells have increased over 

time but now seem to be stabilizing.  The increase may be caused by the backfill making 

Bearing Bed 

Approximate Location 

of Wing Wall Cracks 
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better contact with the pressure cell over time and thus giving more accurate readings.  

The sudden increase in pressure in earth pressure cells 3 and 4 on April 9, 2015 are 

unexplainable but the data are still responsive to changes in pressure.  Temperature has 

an effect on the earth pressure cells. The daily high and low temperatures affect the top 

most earth pressure cells and the ground temperature has an effect on all the earth 

pressure cells (Figure 6.6).  Inclinometer readings are all less than 0.3 inches of lateral 

movement and these readings were confirmed with survey data.  The survey data when 

compared with the inclinometer data show there is more movements on the abutment 

wall face than in the interior of the abutment.  The largest settlements (based on two 

measurements) are from the southeast corner of the bridge and are 0.48 inches.  This 

corner is also the same area where the grout covering the anchor bolts has been cracked 

and broken.  The north abutment has not had movements more than 0.15 inches even 

though there were problems removing material due to water infiltration. The bridge over 

all has been performing well based on the available data. 
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7. SUMMARY & CONCLUSIONS 

7.1 Summary 

 Geosynthetic Reinforced Soil – Intergraded Bridge System (GRS-IBS) 

technology has been around for nearly 40 years in the United States but has recently been 

promoted by FHWA as a cost and time saving construction method for bridges (Adams 

et. al. 2011a).  GRS-IBS technology uses layers of geosynthetic reinforcement in backfill 

to build bridge abutments instead of conventional methods of deep foundations.  In 

February of 2015, a GRS-IBS bridge was constructed in Columbia, Missouri on Rustic 

Road which spans the North Fork of Grindstone Creek.  The Rustic Road Bridge had 

instrumentation installed to monitor performance of the bridge especially during high 

water events which will likely inundate that bridge.  The instrumentation installed 

includes piezometers, earth pressure cells, inclinometers, settlement plates, crack gages, 

and surface survey points.  Surveying of the bridge is done every three months and 

includes the abutment faces, corners of the bridge, settlement plate rods, and the 

inclinometer casing.  The performance of the Rustic Road bridge has been monitored 

from the end of construction (2/25/15) to the present (7/31/15).   

7.2. Construction 

 The Rustic Road GRS-IBS construction project generally followed construction 

details provided from the FHWA but with a few deviations.  Construction was initially 

slowed due to removal of bedrock in the base area for the GRS abutment.  The removal 

of the bedrock resulted in difficulty in removing soil and debris from the foundation due 

to the uneven surface after the bedrock was chipped out.  Removal of debris from the 

north abutment was also difficult due to ground water entering the excavation.  Once the 
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leveling course was placed after the foundation was ready, the construction process 

moved rapidly.  During compaction of the lifts, the CMU blocks began to move laterally 

toward the creek.  In order to prevent movement, the contractor clamped a 2 inches x 4 

inches board to the extra geosynthetic on the outside of the wall face.  The clamp solution 

prevented further movement of the CMU blocks during compaction.  Girders used for the 

bridge deck were tub girders.  These specific girders will move if inundated and not 

properly secured.  The girders were secured by anchor plates embedded in the abutment 

backfill with threaded steel rods installed under each end of the girders.  When settlement 

occurs the anchor bolts need to be restressed if there is a noticeable gap between the 

girder and the bottom of the bolt. 

 GRS-IBS is marketed as a less costly and faster way to construct bridges 

compared to conventional methods (deep foundations).  The cost of GRS bridges has 

been higher than initially anticipated due to contractors being specialized in construction 

of retaining walls or bridges, but not both.  Once contractors become familiar with the 

technology and process, it is anticipated that the cost will decrease (Table 7.1).   
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Table 7.1: Comparison of Unit Cost for Rustic Road and Paris Road GRS-IBS Bridges 

 Paris Road Bridge Rustic Road Bridge 

Total Cost $881,239 $375,516 

MoDOT Estimated Cost $192,000 $128,400 

Area of Abutment Face       

(sq. ft) 
2,544 1,476 

Area of Bridge Deck           

(sq. ft) 
1,920 1,284 

Cost per Area Abutment Face 

($ / sq. ft) 
346 254 

Cost per Area Bridge Deck    

($ / sq. ft) 
459 292 

MoDOT Cost per Area Bridge 

Deck ($ / sq. ft) 
100 100 

Success of these bridges depends on the fact they can be built quickly, in small 

spaces, and with a limited crew.  Currently the prices of GRS-IBS bridges constructed in 

Missouri have been higher than for conventional bridges.  The high cost of GRS-IBS is 

due to the technology being new and contractors are currently unfamiliar with GRS-IBS.  

Also the bridges that have been constructed are special cases.  Paris Road required 

special wet-cast concrete blocks to resist saline and freeze thaw degradation of the 

blocks.  The Rustic Road bridge has expensive instrumentation installed into the 

abutments as part of research.  When a GRS-IBS bridge is constructed without special 

provisions the cost will begin to fall especially when contractors become more familiar 

with the construction techniques.  Another reason the cost for GRS-IBS is the technology 

itself is not a method bridge contractors are familiar with while at the same time MSE 

contractors are not familiar with bridge construction process.  In Defiance County Ohio, 

GRS-IBS has been proven to be less costly than conventional deep foundation design 

when the abutments are relatively small (less than 20 feet) and the spans are less than 100 
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feet. The best application of GRS-IBS is over small streams and creeks.  When DOT’s 

budgets are getting smaller while demand for improved infrastructure is increasing, using 

money wisely is becoming increasingly important.  GRS-IBS bridges can help improve 

our highway infrastructure while keeping the cost down.  

7.3. Performance 

 Performance of the Rustic Road Bridge GRS-IBS from the end of construction 

(2/25/15) to the present (7/31/15) has been satisfactory.  The backfill drains rapidly when 

the creek level drops, dissipating excess pore water pressures quickly (Figure 7.1).  The 

backfill gradation was appropriately chosen to allow for drainage (Table 7.2).  Survey 

data show the movement of the abutment occurred within the first month after bridge 

construction.   According to Moulton et al 1985, the horizontal and vertical movements 

are all within tolerable limits.  The settlement data from the north abutment has shown 

the backfill has settled slightly more than the abutment wall faces.  The lateral movement 

of the north abutment appears to be on the abutment wall face and interior movements are 

smaller than the wall face. The survey data form the south abutment indicates the 

southeast corner of the bridge has settled 0.48 inches, this from an initial reading 

(4/10/15) and a second reading (6/1/15).  In order to confirm settlement of this corner, 

another survey is needed.  The south abutment survey data indicates movement of the 

interior and smaller movements of the abutment wall face. 
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Figure 7.1: Pore Water Pressures from June 16 to June 19, 2015 

 

Table 7.2: Gradation for Backfill AASHTO 89 

U.S. Sieve Size Percent Passing 

1/2 inch 100 

3/8 inch 90-100 

No. 4 20-55 

No. 8 5-30 

No. 16  0-10 

No. 50 0-5 

 

The movements observed during this period are around 0.25 inches except for a 

few outliers.  Cracks have developed in the wall parallel to the roadway but have not 

moved since first noticed (3/31/15).  Earth pressure cells showed an increase in pressure 

over time but have become steady now (7/21/15).  The increase is attributed to settlement 

and better contact of the surrounding soil with the earth pressure cell.  The earth pressure 
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cells also show a daily fluctuation in pressure which is thought to be caused by changing 

temperatures.  Pressures measured by the earth pressure cells also showed a direct 

response with the ground temperatures measured (Figure 7.2). 

 

Figure 7.2: Total Pressures and Temperatures from July 5 to July 15, 2015  
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APPENDIX 1: DATA REDUCTION 

GEOKON DATA REDUCTION 

 The Geokon data logger outputs the data into a spreadsheet format with the 

pressure data in pounds per square inch (psi) and temperature in degrees Celsius.  The 

pressure data collected from the logger must be corrected for the barometric pressure 

changes and must be converted into units of pounds per square foot.  Conversions are 

done in one step outlined by the example calculation from 10:00 am April 4, 2015 for 

piezometer one.  The correction for barometric pressure is explained in Geokon 2014a, 

but a variation was used for spreadsheet calculations.  The correction for the earth 

pressure cells was the same with the exception of the pore water pressure readings being 

total pressure readings. 

𝑃𝑍𝐶. = 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑃𝑜𝑟𝑒 𝑊𝑎𝑡𝑒𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 

𝑃𝑍𝑅 = 𝑃𝑜𝑟𝑒 𝑊𝑎𝑡𝑒𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝐷𝑎𝑡𝑎 𝐿𝑜𝑔𝑔𝑒𝑟 = 1.112 
𝑙𝑏𝑠

𝑖𝑛2
 

𝐵𝑎𝑟𝑅 = 𝐵𝑎𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝐷𝑎𝑡𝑎 𝐿𝑜𝑔𝑔𝑒𝑟 =  −0.123 
𝑙𝑏𝑠

𝑖𝑛2
 

𝐵𝑎𝑟𝑅 = 𝐼𝑛𝑖𝑡𝑎𝑙 𝐵𝑎𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑚 𝐷𝑎𝑡𝑎 𝐿𝑜𝑔𝑔𝑒𝑟 =  −0.043 
𝑙𝑏𝑠

𝑖𝑛2
 

𝑃𝑍𝐶 = (𝑃𝑍𝑅 +  𝐵𝑎𝑟𝑅  −  𝐵𝑎𝑟𝐼)
𝑙𝑏𝑠

𝑖𝑛2
∗ 144

𝑖𝑛2

𝑓𝑡2
 

𝑃𝑍𝐶 = (1.112 + (−0.123) − (−0.043))
𝑙𝑏𝑠

𝑖𝑛2
∗ 144

𝑖𝑛2

𝑓𝑡2
 



   

103 

 

𝑃𝑍𝐶 = 148.6 
𝑙𝑏𝑠

𝑓𝑡2
 

INCLINOMETER DATA REDUCTION 

 Inclinometer data are exported with all the calculations completed.  Data are 

exported to a spreadsheet for manipulations and graphing purposes.  The total profile 

change is calculated using the Pythagorean Theorem.  An example calculation is below 

for 7-21-15 at a depth of 1.5 feet.   

𝑇𝑃𝐶 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 

𝐴𝑃𝐶 = 𝐴 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 =  −0.0264 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐵𝑃𝐶 = 𝐵 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 = 0.1134 𝑖𝑛𝑐ℎ𝑒𝑠 

𝑇𝑃𝐶 = √(𝐴𝑃𝐶)2 + (𝐵𝑃𝐶)2 

𝑇𝑃𝐶 =  √(−0.0264)2 + (0.1134)2 

𝑇𝑃𝐶 = 0.12 𝑖𝑛𝑐ℎ𝑒𝑠 
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SURVEY DATA REDUCTION 

 Survey data are in a spreadsheet with the northing and easting measurements.  

The lateral movement and settlement must be calculated. The changes in lateral 

movement and settlement are calculated and converted into inches in one step.  The 

following calculations are for the northeast corral rail on June 1, 2015. 

Lateral Movement Calculation 

𝐿𝑀 = 𝐿𝑎𝑡𝑒𝑟𝑎𝑙 𝑀𝑜𝑣𝑒𝑚𝑒𝑛𝑡 

𝑁 = 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔 = 1130082.418 𝑓𝑡 

𝑁𝐼 = 𝐼𝑛𝑖𝑡𝑎𝑙 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔 = 1130082.408 𝑓𝑡 

𝐸 = 𝐸𝑎𝑠𝑡𝑖𝑛𝑔 = 1701682.264 𝑓𝑡 

𝐸𝐼 = 𝐼𝑛𝑖𝑡𝑎𝑙 𝐸𝑎𝑠𝑡𝑖𝑛𝑔 = 1701682.254 𝑓𝑡 

𝐿𝑀 =  √(𝑁 − 𝑁𝐼)2 + (𝐸 −  𝐸𝐼)2 ∗ 12
𝑖𝑛

𝑓𝑡
 

𝐿𝑀 =  √(1130082.418 − 1130082.408)2 + (1701682.264 − 1701682.254)2 

𝐿𝑎𝑡𝑒𝑟𝑎𝑙 𝑀𝑜𝑣𝑒𝑚𝑒𝑛𝑡 = 0.17 𝑖𝑛𝑐ℎ𝑒𝑠  

Settlement Calculation 

𝐸𝑙𝑒𝑣 = 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = 686.264 𝑓𝑡 

𝐸𝑙𝑒𝑣𝐼 = 𝐼𝑛𝑖𝑡𝑎𝑙 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = 686.274 𝑓𝑡 
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𝑆𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡 = (𝐸𝑙𝑒𝑣𝐼 − 𝐸𝑙𝑒𝑣) ∗ 12
𝑖𝑛

𝑓𝑡
 

𝑆𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡 = (686.274 − 686.264) ∗  12
𝑖𝑛

𝑓𝑡
  

𝑆𝑒𝑡𝑡𝑙𝑒𝑚𝑒𝑛𝑡 = 0.12 𝑖𝑛𝑐ℎ𝑒𝑠 
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APPENDIX 2: CALCULATIONS FOR COST ANALYSIS 

 The following analysis was performed to compare cost of Rustic Road and Paris 

Road GRS-IBS bridges based on two criteria: abutment square footage and bridge deck 

footage.  Exact dimensioning for the bridges was plans available and therefore the 

dimensions are estimations based on the plans.   

PARIS ROAD COST ANALYSIS 

The Paris Road bridge cost $881,239 for the total cost of construction.  For 

simplicity the abutments were the same shape and symmetrical.  Area-1 assumed the 

shape of a trapezoid and there are a total of four for the entire bridge. Area-2 is a 

rectangle. 

 

𝑎 = 6 𝑓𝑡; 𝑏 = 20 𝑓𝑡;  ℎ = 12𝑓𝑡 

𝐴1 =  
𝑎 + 𝑏

2
∗ ℎ =  

6𝑓𝑡 + 20𝑓𝑡

2
∗ 12𝑓𝑡 = 156 𝑓𝑡2 

𝐴2 = 20𝑓𝑡 ∗ 48𝑓𝑡 = 960 𝑓𝑡2 

𝐴𝑊𝐹 = 𝐴𝑟𝑒𝑎 𝐴𝑏𝑢𝑡. 𝐹𝑎𝑐𝑒 = 𝐴1 ∗ 4 + 𝐴2 ∗ 2 = 156𝑓𝑡2 ∗ 4 + 960𝑓𝑡2 ∗ 2 =  2544𝑓𝑡2 
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𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐴𝑏𝑢𝑡. 𝐹𝑎𝑐𝑒 =  
$881,239

𝐴𝑊𝐹
=

$881,239

2544𝑓𝑡2
= $346 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐴𝑏𝑢𝑡. 𝐹𝑎𝑐𝑒 

Area of the bridge deck for the Paris Road is a rectangle with dimensions 60 ft by 32 ft 

for an area of 1920 ft2.   

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐵𝑟𝑖𝑑𝑔𝑒 𝐷𝑒𝑐𝑘 =  
$881,239

1920 𝑓𝑡2
= $459 𝑝𝑒𝑟 𝑓𝑡2 𝐵𝑟𝑖𝑑𝑔𝑒 𝐷𝑒𝑐𝑘 

RUSTIC ROAD COST ANALYSIS 

The Rustic Road bridge cost $375,516 for the total cost of construction.  For 

simplicity the abutments were the same shape and symmetrical.  Area-1 assumed the 

shape of a triangle and there are a total of four for the entire bridge. Area-2 is a rectangle. 

 

𝑏 = 28𝑓𝑡 ; ℎ = 13 𝑓𝑡 

𝐴1 =
1

2
∗ 𝑏 ∗ ℎ =

1

2
∗ 28𝑓𝑡 ∗ 13𝑓𝑡 = 182𝑓𝑡2 

𝐴2 = 28.8𝑓𝑡 ∗ 13𝑓𝑡 = 375 𝑓𝑡2  

𝐴𝑊𝐹 = 𝐴𝑟𝑒𝑎 𝐴𝑏𝑢𝑡. 𝐹𝑎𝑐𝑒 = 𝐴1 ∗ 4 + 𝐴2 ∗ 2 = 182𝑓𝑡2 ∗ 4 + 375𝑓𝑡2 ∗ 2 =  1477𝑓𝑡2 

Area of the bridge deck was 1284 ft2 for Rustic Road and was given in the Bartlett & 

West (2014) plans. 
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𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐴𝑏𝑢𝑡. 𝐹𝑎𝑐𝑒 =  
$375,516

𝐴𝑊𝐹
=

$375,516

1477𝑓𝑡2
= $254 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐴𝑏𝑢𝑡. 𝐹𝑎𝑐𝑒 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐵𝑟𝑖𝑑𝑔𝑒 𝐷𝑒𝑐𝑘 =
$375,516

1284𝑓𝑡2
= $292 𝑝𝑒𝑟 𝑓𝑡2 𝑜𝑓 𝐵𝑟𝑖𝑑𝑔𝑒 𝐷𝑒𝑐𝑘 
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APPENDIX 3: SITE VISIT FIELD NOTES  

Notes from Rustic Road Data Collection and Site Visit: 

Date: 4/23/15 

Time: 10:00am -12:30pm 

Attendees: Sam Runge; Sajid Iqbal; Eric Lindsey 

Objectives: Collect data from Geokon data logger; Collect inclinometer data; Check 

crack gages; Document abnormalities 

 Arrived on site and noticed north abutment inclinometer manhole cover was not 

at pavement grade as well as the east tie down rod of the eastern girder for the 

southern travel lane.  

 The tie down rod mentioned above was approximately 1” above the roadway 

surface pictures where taken.   

 Crack gages have moved since last time out there, took pictures of all the gages 

but forgot to document on paper 

 North inclinometer was originally approximately 1.5” above lip on inside of 

manhole cover cut down to approximately 0.5” 

 Took two inclinometer readings for the south abutment, 1st I accidentally 

recorded only one direction of travel the second recorded both directions 

 Took inclinometer readings for the north abutment, no issues collecting data, also 

forgot to take reading before cutting the pipe down.   

 Sam documented the survey markers on the face of the abutment 

 Sam collected the data from the Geokon box 

 Noticed a pink dot was spray painted on some CMU block, indicated broken or 

cracked blocks (Not sure who did this) 

 Darren, county engineer, was on site and mentioned he was going to call the 

contractor to come and cut down the tie down bolt sticking up through the bridge 

deck 

 The bypass has now been removed and remediated, Rip Rap still not in place 

 Sam mentioned needing to get wasp spray as they are starting to go into the 

NEMA box 

 Noticed settlement of the asphalt around the bridge, could not tell if the bridge 

deck or the asphalt was settling 

If more info is needed or you have any other questions let Eric Lindsey know. 
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Notes from Rustic Road Data Collection and Site Visit: 

Date: 5/21/15 Edit: 6/8/15 

Time: 10:00am -11:30am 

Attendees: Mohammed Khan; Eric Lindsey 

Objectives: Collect data from Geokon data logger; Collect inclinometer data; Check 

crack gages; Document abnormalities 

 Manhole covers for inclinometers was covered with debris, as a result difficult to 

remove. To solve problem bring tools to help remove the covers 

 Noticed wasps in the NEMA box 

 When taking inclinometer data from the south abutment, noticed approximately 4 

feet of standing water in the pipe, negligible amounts for the north abutment  

 Rip-Rap was finished and photos were taken of the finished project 

 Site had been remediated and hydro seed and hay is not covering the site 

 Noticed run off from the road causing the movement of sediment and debris on to 

the northeast corner of the site.   

 Documented the movement of the crack gages, minimal movement, most noticed 

was 1 mm 

 The roadway warning signs had been moved to the inside of the abutment now, 

photos were taken to document, appeared as though the posts were driven into 

the abutments. 

If more info is needed or you have any other questions let Eric Lindsey know. 
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Before: Notice the green posts 

are on the outside of the 

abutment 

After: Note the Green Posts have 

been driven into the abutments 

presumable directly through the 

fabric 
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Notes from Rustic Road Data Collection and Site Visit: 

Date: 6/23/15   

Time: 10:00am -12:30pm & 4:30-5:30pm 

Attendees: Lauren Boerner; Paloma Montecino Nunes; Taylor Day; Eric Lindsey 

Objectives: Collect data from Geokon data logger; Collect inclinometer data; Check 

crack gages; Document abnormalities 

 Collected data from logger 

 While setting up to read the south abutment inclinometer noticed the casing was 

filled with water 

 Took Inclinometer readings from the south abutment 

 Had difficulty removing extension collar from the casing (ended up having to get 

pliers to remove collar) 

 Measured the distance from the water surface to the top of the guard rail for the 

current water level at 12’ 5” 

 From the last high water event grass was disturbed and the disturbance was used 

to approximate the distance from the water level to the guard rail which was 8’ 

 Moved some debris from tree down river of the bridge so if water comes up that 

high there will be a way to approximate the height of the water 

 Attempted to take inclinometer readings of the north abutment but the recorder 

battery was dead so the recorder was taken back to the lab to be charged 

 Later that day with the logger charged the inclinometer data were taken 

 Checked the telltales could see no visible movement 

If more info is needed or you have any other questions let Eric Lindsey know. 
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Notes from Rustic Road Data Collection and Site Visit: 

Date: 7/21/15   

Time: 9:30am-11:00am 

Attendees: Mohammed Khan; Eric Lindsey 

Objectives: Collect data from Geokon data logger; Collect inclinometer data; Check 

crack gages; Document abnormalities 

 Collected data from logger 

 While setting up to read the south abutment inclinometer noticed the casing was 

filled with water 

 Took Inclinometer readings from the south abutment 

 Water height was measured at the second expansion join south of the north 

abutment and was 12’ 5” 

 A waterline was noticed at the west side of the north abutment and the height of 

the water line was 7’1” 

 Noticed scour alone the face of the north abutment was not much but something 

to check after next major rain event 

 Noticed broken grout at anchor bolts (see attached drawing for locations) 

 Noticed some rip rap along the east side of the south abutment had been moved 

down by rain water and a pile is close to the edge of the creek 

If more info is needed or you have any other questions let Eric Lindsey know. 
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APPENDIX 4: RUSTIC ROAD BRIDGE PLANS 
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