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Introduction 
Over the past several years, city governments and municipalities have had a difficult time 

maintaining their transportation infrastructure due to economic hardships in the United States. 

Within the scope of transportation infrastructure lays the integral element of asphalt pavement. 

City engineers and public works directors utilize a pavement management system (PMS) as a 

tool to help them maintain their asphalt pavement network at a high level of service.  

 

A PMS functions as a tool for decision making through the following steps. 

 

1. Description of Asphalt Pavement Network 

2. Collection of Asphalt Condition Data 

3. Analysis of Pavement Deterioration 

4. Analysis of Economic Alternatives 

5. Priority Evaluation and Optimization of Maintenance and Repair (M&R) 

 

The ultimate goal of implementing a PMS is to recommend proper M&R treatments at the right 

time and do so in a way that is most economically adequate for a city or municipality. The Utah 

Local Technical Assistance Program (LTAP) in conjunction with Utah State University 

developed a PMS in the form of computer software to help accomplish the goals listed above.  

 

The PMS that was developed is titled “Transportation Asset Management Software” (TAMS). It 

was developed around 1999 and has been a useful program for collecting pavement condition 

data and estimating pavement deterioration. The TAMS program utilizes polyline shapefiles as a 

reference to later store data in an access database. Applications and results of this program will 

be used in conjunction with ArcGIS in this project. Figure 1 illustrates a screen shot of the 

TAMS software in use.  

 

 
Figure 1. TAMS Software Implemented in Brigham City 

One of the key aspects of improvements by using GIS is the way the economic analysis is 

approached; a more detailed estimate of treatment costs could be added within ArcGIS to 

compare all M&R strategies of a city network.  In addition to that, the TAMS software provides 

a recommended treatment based on current condition, thus an additional toolbox that provides all 

possible M&R treatments will be developed through the use of Excel, Access, the polyline 

shapefile and the TAMS database. 



 

The goal of this report and this term project is to illustrate how the TAMS data can be utilized 

within ArcGIS, as well as provide additional power in comparing M&R treatments side by side 

when working with the shapefile street segments in the ArcGIS software. The M&R treatments 

will be estimated using present value costs of treatments, forecasting of future treatments will be 

done through the use of engineering economics principles.   

 

A toolbox will be developed within ArcGIS, to automate the process of comparing M&R 

treatments as much as possible. Part of the toolbox’s functions will also incorporate converting 

the shapefile with finalized analysis data to a kmz file that can be referenced in google earth. 

This implementation will allow smaller cities and municipalities that do not have accessibility of 

ArcMap to view this work in free mapping programs such as Google earth.  

Purpose 
The importance of implementing a tool for additional comparison of all M&R treatment options 

is to add precision and confidence to the decisions being made city officials.  Programs like 

TAMS often recommend one M&R treatment that is based on the current condition of the 

asphalt pavement, while this information is helpful often times different treatment alternatives 

must be considered either because of current city planning or low budgets might require an 

alternative.  

 

The data used to demonstrate the use of this GIS tool will be from the city of Smithfield. The 

reasoning for using Smithfield are because of its availability, its proximity to USU and because it 

was surveyed by the Utah LTAP in 2010 through the use of the TAMS software.  

 

Pre-Procedure 
The first step this process is to perform a join from the TAMS database to the Smithfield shape-

file. The data that is stored in the database is uniquely correlated to the TAMS database through 

the shapefile attribute of “RIN_No”, which stands for Road Identification Number. Once this 

join is complete the data that was collected in the TAMS software can be portrayed and easily 

viewed through the ArcGIS software. Figure 2, Figure 3 and Figure 4 below, illustrates the city 

of Smithfield after the join has been completed they show join between databases, a map or 

remaining service life and a map of recommended treatments respectively.  

  



 
Figure 2. Joining of TAMS database to Smithfield City Shapefile 

 
Figure 3. Smithfield City with Streets Illustrating their Remaining Service Life 
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From Figure 3 above, it is important to discuss the meaning of the Remaining Service Life 

(RSL). The RSL value of a segment is calculated by TAMS and it is the method in which it 

predicts pavement deterioration. In the methodology of TAMS, a brand new asphalt pavement 

has a maximum service life of twenty years, thus every year after its construction if no M&R 

treatment is conducted it will lose one year of service life.  

 

 
Figure 4. Recommended M&R Proposed by TAMS 

Figure 4, above illustrates the types of recommendations that can be produced within the TAMS 

software. Applying symbology through the use of ArcGIS is an easy way to visually see all the 

options offered. The drawback of this procedure is that it is generalized based on the type of 

M&R and does not detail the treatments a city should be using.  

 

The following procedures will take place by exporting the original shapefile with the join already 

in place. This will enable the TAMS database information to be stored permanently within the 

new Smithfield shapefile.   

 

Economic Analysis Procedure 
The economic analysis will be conducted by exporting the attribute table into an excel document 

where the engineering economic calculations will be processed. Table 1 illustrates a list with the 

current cost of treatments based on the area of treatment, which for the purpose of this project is 

the street segment area. The list shown contains twenty treatments that will be used for 
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comparison within the GIS model. The list was provided by the Utah LTAP and is made up of 

M&R strategies that are most common in Utah. 

 

These prices can vary depending on time of implementation and region of cities or 

municipalities. For the purposes of this project, the present value costs will be estimated using 

the cost in Table 1, the width data from the TAMS software and length data from the shapefile to 

calculate the area. 

 

Table 1. Unit Cost of Current M&R Treatments 

Treatment 

ID Treatment Category Treatment Type 

Unit Cost Per 

Square Foot 

1 Routine Maintenance  Crack Seal $0.03 

2 Routine Maintenance  Cold Patch $0.03 

3 Routine Maintenance  Digout and Hot Patch $0.03 

4 Preventative Maintenance High Perf. Cold Patch $0.07 

5 Preventative Maintenance Fog Coat $0.03 

6 Preventative Maintenance Sand Seal $0.06 

7 Preventative Maintenance Scrub Seal $0.10 

8 Preventative Maintenance Single Chip Seal $0.10 

9 Preventative Maintenance Slurry Seal $0.13 

10 Rehabilitation Maintenance Microsurfacing $0.16 

11 Rehabilitation Maintenance Plant Mix Seal $0.78 

12 Rehabilitation Maintenance Thin Hot Mix Overlay (<2 in) $1.06 

13 Rehabilitation Maintenance 

HMA (leveling) & Overlay (<2 

in.) $1.17 

14 Rehabilitation Maintenance Hot Surface Recycling $1.11 

15 Rehabilitation Maintenance Rotomill & Overlay (<2 in) $1.33 

16 Reconstructive Maintenance Thick Overlay (3 in.) $1.58 

17 Reconstructive Maintenance Rotomill & Thick Overlay (3 in.) $1.69 

18 Reconstructive Maintenance 

Base Repair\Pavement 

Replacement $1.67 

19 Reconstructive Maintenance Cold Recycling & Overlay (3 in.) $1.81 

20 Reconstructive Maintenance Base/Pavement Replacement $2.22 

  

In addition to calculating the present value cost of implementing M&R, it is useful for city 

officials to plan ahead in case current treatments cannot be implemented immediately but are 

being considered some years down the road. There will only be two economic calculations that 

will be utilized for analysis, they are the single payment compound amount and the capital 

recovery. The reason for using these formulas is because they are the only ones that focus on 

predicting a future or annual value given a present value. These equations are illustrated in 

Equation 1 and Equation 2.   
 

 
        

Equation 1. Single Payment Compound Amount 

 



 

 
  

       

        
 

Equation 2. Capital Recovery 

Therefore, these calculations were utilized to determine the cost of implementing all of the M&R 

options illustrated in Table 1, the parameters that were used for the economic calculations where 

an interest rate i of 6% and a year of analysis n of 2 years.  

 

Through the shapefile accessible “length” field, accurate lengths can be calculated through the 

ArcGIS “Field Calculator” function. However, the segment width was attained from the TAMS 

database. With these two values, an estimated M&R cost per unit area can be approximated 

quickly. Thus three tables were produced in excel with the implementation cost of all twenty 

M&R treatments, they were calculated for Present Value, Single Payment Compound and 

Capital Recovery.  The key aspect of this procedure is the fact that each treatment option in 

Table 1, will become an attribute for the shapefile; thus enabling one to see the cost of each 

M&R treatment by simply clicking on the shapefile segment.  

 

In order to facilitate the joining process, these tables were imported into an access database table, 

the access file can be read by ArcMap as a personal geodatabase. Thus in the next section of this 

report, the toolbox that is used facilitate the reproduction of these steps is described in a simpler 

manner. Figure 2 and Figure 3 illustrate an example of these tables in excel and after their import 

into access respectively. 

 

Table 2. Present Value Calculations in Excel 

 
 



Table 3. Economic Calculation Tables in Access Database (Personal Geodatabse) 

 
 

Figure 5 illustrates how the access database is read as a personal geodatabase within the ArcGIS 

catalog. 

 
Figure 5. Access Database in ArcGIS 



Procedure of Implementation into ArcGIS 
At this point in time, the shapefile has been joined and exported so that a permanent shapefile 

with the TAMS database already incorporated. Because of the multiple tables to compare, a 

toolbox that does the functions listed below is created.   

 

1. Join Original Shapefile to TAMS database 

2. Convert polyline shapefile into three separate polygon shapefile to better visualize 

pavement area through the use of the buffer tool 

3. Re-join shapefile with TAMS data to economic calculation tables from personal 

geodatabase 

4. Perform a conversion to kmz file so that the data can be viewed and referenced in google 

earth. 

 

The process to building a toolbox is done through the ArcToolbox function. Outlining the steps 

above, Figure 6 illustrates the completed model. 

 

 
Figure 6. Completed Toolbox in Model Builder 

 

The way the above model works, is through the input of eight basic parameters. The TAMS 

database will be required before hand to complete an initial join to the original shapefile, also the 

economic analysis calculations will have to be developed separately and transferred to an access 

database or otherwise known as a geodatabase.  

 

The required parameters are the original city shapefile, a shapefile joined to the TAMS database, 

the present value costs table, the single payment compound table, and the capital recovery table. 

The remaining three parameters are locations of where the kmz file will be saved in the 

computer. Figure 7 illustrates the request of these parameters in ArcMap. 



 

 
Figure 7. Request of Parameters to Run Model in ArcMap 

Results 
Thus, after successful implementation of the ArcToolbox model the final results are produced 

within ArcGIS. Figure 8 illustrates a screen shot of the completed shapefiles within ArcGIS.  

 

 
Figure 8. Final Shapefiles Produced 

Therefore, the final product are three shapefiles with the TAMS database incorporated into them 

for reference, but also the treatment costs for all twenty M&R treatments of interest. The costs 

are of present costs directly using the unit costs of Table 1, but also the single payment 



compound amount calculation and the capital recovery calculation. Both of the later are 

calculated using an interest rate i of 6% and a year of analysis n of two years. 

 

Along with the production of these shapefiles, three kmz files representing the same data are 

created in kmz format. These can be opened within Google earth and would be a valuable asset 

for smaller cities and municipalites that do not have ArcGIS at their disposal. Figure 9 illustrates 

a screenshot of the final product in Google Earth.  

 

Figure 10 illustrates how the attributes within the shapefile are divided up after the toolbox is 

successfully utilized. Figure 10 only illustrates the example of the capital recovery table, 

however there would be a present value and single payment compound amount with similar 

attributes but different economic values.  

 

 
Figure 9. Final Product in KMZ Format Opened in Google Earth 



 
Figure 10. Final Shapefile Attribute Breakdown 

Conclusion 
In conclusion, through the use of ArcGIS the economic analysis of a city can be greatly 

enhanced by seeing side by side comparison of implementation costs of M&R treatments. 

ArcGIS is utilized to better visualize collected data through the TAMS program, and add 

additional needed information.  

 

By creating an ArcToolbox, the whole procedure is facilitated significantly. However, there are 

six key pre-requisites that are needed in order to process the toolbox correctly. These are listed 

below. 

 

1. A TAMS database with length, width, condition and recommended treatment data 

2. A list of M&R treatments with their associated unit cost per unit area (square foot) 

3. The production of present costs table of all treatments associated with to the segment 

RIN_No 

4. The production of single payment compound table with a known i and n 

5. The production of capital recovery table interest table with a known i and n 

6. Locations of folder within computer to designate kmz files 

 

Through the production of converting these shapefiles into a kmz format, the availability for 

cites and municipalities that do not have ArcGIS at their disposal can also benefit from the 

comparison of all M&R treatments. 

 

The most important feature to take from this project is that based on current costs of M&R 

strategies, city engineerins and public works director can now compare all of their options by 

visually selecting their street segment of interest. Ultimately Table 1 shown previously with the 

unit prices of each M&R treatment becomes an attribute to the city shapefile, and provides a 

present value cost if implemented at that point in time. Or, if future planning is being conducted 

the utilization of engineering economics provides a more justifiable estimate to budgets.  

 



Figure 10 summarizes the heart of the project, as each pavement segment contains its estimated 

cost of M&R implementation. Together with the TAMS database, city engineers and public 

works directors can make an executive decision with a recommended treatment at hand, and 

costs of all their options. Ultimately, this is a tool that gives a more comprehensive summary of 

M&R treatments and does not constraint a recommendation to only one treatment alternative.  

 

 
Figure 11. Estimate Table becomes Shapefile Attributes 
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