Using GIS to Compare All M&R Strategies for
Asphalt Road Networks

Antonio Fuentes

CEE 6440: GIS in Water Resources
Dr. Tarboton



Table of Contents

Ty (T [N T3 AT o PSSRSO 3
PUIDOSE ... 4
e (=R o (00T U PSSR 4
ECONOmMIC ANAlYSIS PrOCEAUIE .......ccveeivicie ettt ettt e e e nnaens 6
Procedure of Implementation iNt0 ArCGIS ..o 10
LTS USROS 11
(070 003 11 [ o PSSR 13
RETEIBINCES ...ttt r ettt e bt s e s R e bt e n e e Rt e be et eereenbeeneeeneenre et 15

List of Figures

Figure 1. TAMS Software Implemented in Brigham City ........ccccoiiiiininiiiiieceec e 3
Figure 2. Joining of TAMS database to Smithfield City Shapefile ..., 5
Figure 3. Smithfield City with Streets Illustrating their Remaining Service Life ...........c.ccccoevnne 5
Figure 4. Recommended M&R Proposed by TAMS ..o 6
Figure 6. Access Database in ArCGIS. ..o 9
Figure 7. Completed Toolbox in Model BUIIEr ............ccooeiieiiiiiiiccecccecce e 10
Figure 8. Request of Parameters to Run Model in ArCMap ... 11
Figure 9. Final Shapefiles ProdUCE ...........c.ooveiiiieiiece et 11
Figure 10. Final Product in KMZ Format Opened in Google Earth...........cccocvveieieninciennnen 12
Figure 11. Final Shapefile Attribute BreaKdowWn.............coeiieiiiic i 13
Figure 12. Estimate Table becomes Shapefile AttribULeS...........coooiiiiiiiniic 14
List of Tables

Table 1. Unit Cost of Current M&R TreatmMentS ..........cocoiiiiiiiiieiesc e 7
Table 2. Present Value Calculations in EXCEl ... 8
Table 3. Economic Calculation Tables in Access Database (Personal Geodatabse)...................... 9

List of Equations
Equation 1. Single Payment Compound AMOUNL...........ccccoiiiieiie i 7
Equation 2. Capital RECOVETY ........ooiiiiiiiiieee et 8



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.

Description of Asphalt Pavement Network

Collection of Asphalt Condition Data

Analysis of Pavement Deterioration

Analysis of Economic Alternatives

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

orwdPE

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.
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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.
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Figure 2. Joining of TAMS database to Smithfield City Shapefile

Smithfield City RSL During 2010 Study
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Figure 3. Smithfield City with Streets Illustrating their Remaining Service Life




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.

Smithfield City Suggested Treatments During 2010 Study
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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




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 Unit Cost Per
ID Treatment Category Treatment Type 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
HMA (leveling) & Overlay (<2
13 | Rehabilitation Maintenance 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
Base Repair\Pavement
18 | Reconstructive Maintenance 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.

=(1+)"
Equation 1. Single Payment Compound Amount

ol ™
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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 VValue Calculations in Excel

B H S - PavementEconomics.xlsx - Excel ? E - x
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ADD-INS Antonio Fuentes ~
AL - A || RIN_No v
A B c D 3 F G H I J K L m N = I
4 [Rin_tc - [LENGTH (ft) -| [WIDTH () | - [AREA () ~ [Crack Seal-1 - |Cold Parch-2| - [Digout and Hot Patch-3 | + [High Perf. Cold Patch 4 - |Fog Coat5| - |Sand Seal.6 - | 7 - |single Chip Seal-8 ~ |Siurry Seala - | ing-10 ~ [Plal
2 51g] 5164 24] 1239.4089 $38.68 546.4)) 547 35] $92.84] 545 9| 8356 $139.26] $139.26 $182.59] $222.82
3 157] 6821 31| 21145023 566.00 §78.20 58078 5158.40] s78.41] 5142.56 5237.60] 5237. d $311.51 5380.15
4 28] 70.88| 2| 1842768 $57.51 $69.02 570.40 5138.04] se8.33 512423 $207.05 $207.05 s271.47 $331.29
508] 8065 3# 29034288 590.62 $108.74 $110.82 521749 $107.66] 5195.74 $326.23 $326.23 $427.72 $521.97
3 281 8375, 25| 2094.0075 $65.36 s78.43 580.00 5156.86 577.64] 514117 5235.28] 523528 $308.48 $376.45
7 78| 85.64) @I 34255737 $106. % $128.30 $130.87 $256. LDI $127.02] $230.84 $384.50] $384.90] $504.64) s615.84] |
8 1| 8782 37| 32295013 510142 5121.70 5$124.14 524341 5120.29)] 5219.07 5365.11 $365.11 5478.70) $584.18
E] 517] 2638 28| 26987247 $84.23| $101.08 $103.10 $202.15] $100.07] $181.84 $303.23 $303.23 $397.57 $485.17] |
10 547] 0. ﬁ 31| 30027033 59653 511583 5118.15 523166 $112.67] 5208.50 $347.50] $347.50 5455 61 $555.99
n 39| 10762 36| 38742192 s1202| 514510 $148.00 $290.20] $143.65 $261.18 $435.31 $435.31 $570.74 $696.48
12 543 116.08 31| 35085328 511231 5134.78 5137.47 $269.55 5133.43 $242.60 540433 540433 $530.12 564693
1 416} 1712 32| 37478178 $116.97 $140.37 514318 $280.74] $138.96] $252.66| $421.10] $421.10] $552.12 $673.77
14 620 12133 31| 37613286 5117.40 512087 514369 528175 5139.47] 525357 5422 62) 5422 62| $554.11 $676.20
1 195 123.02 22| 27063477 s84.47 $101.36 $103.39 5202.72] $100.35 518245 $304.09] $304.08 $398.69 $486.54
16 333 12589 30| 3776832 511788 512135 514428 528291 5140.04] 5254.62 5424 36 5424 35| $556.39 S678.98
1 619 13676 31| 3929.6268 512265 514718 $150.12 5234 36] 514571 526432 544153 544153 $578.90 5706.45
18 535 128.29 30| 38547009 512031 514237 5147.26 5288.74] 514293 525987 543311 543311 5567, ﬁ $692.98
1 77| 12869 27| 34745454 $108.44 $130.13 513274 5260.27] $128.83 $334.24 $330.40 $330.40] $511.86] $624.64
2 179| 13220 30| 39659094 512378 514854 15151 $297.07] 5147.05 5267.37 5445 61 5445 61 $584.24| $712.98
7 204} 155.28| 31| 4193721 130.89 $157.07 $160.21 $312.14] $155.50] 528272 547121 5471.21 617.80 575383
2 526| 13575 33| 4479.6024 13981 5167.78 517113 5335.55 5166.10] 5302.00 5503.33 503.33 659.92 5805.33] |
23 560] 13672 31| 42382557 132.28| $158.74 516181 $317.47] $157.15 528573 $476.21 5476.21 624.36 576194
4 245 13677 36| 49235454 153.67 5184.40 5188.09 5366.81 5132.56] 5331.93 5553.21 553.21 725.32 s8s5.14] |
25 617] 13830 31| 42874128 133.81 $160.58 $163.79 $321.16] $158.57] 5289.04 $481.73 5481.73 63161 770,77
26 569 16115 31 4375.52# 136.57 5163.88 5167.16 5327.76] 5162.24] 5294.98 543163 5491.63 64459 786.61
z 29| 14287 31| 24288262 138.23 516587 516819 $331.75 $164.22] 5298.57 5437 62] 5497 62| 652.44 796.20] |
2% 516] 142.04 24| 3455.%{ 107.89 5129.47 5132.06 5256.94] 5126.16] 5233.05 5338.42] 38842 509.26 62147
2 444 145.00 36| 5255.9262| 164.04 $196.85 $200.79| $393.70| $194 88| $354.33 $580.56| 590.56 774.28 944 8%
17| 146.04 25| 36509265 113.95 5136.74 5139.47 5273.48] 5135.37] 5246.13 5410.22] 5410.22| 537. Q 656.35
1 609 146.82 30| 24046639 137.47 $164.97| $168.27| $329.94] $163 32| $296.94| $494.91 5494 91 648, % 791.85
32 39 147.# 55| 8103.3622 252.92 5303.50 5309.57 5607.00] 5300.26] 5546.30 5910.49] 910.29 51,193.76 51,456.79
33 14] 147% 36| 53142804 5165.86 5$199.04 5203.02 5398.08] 5$197.05 5358.27 $597.11 $597.11 5782 % 595538
34 114] 14973 38| 5689.8288 5177.58] 5213 1£| 5217.37 5426.21 5210.97 5383.59 5639.31 5639.31 5838.21 51,022.69
35 359] 150.48] 31| 46650321 514560 517472 5178.22 5349.4] 5172.97| 531450 5522.16] $524.16 $687.24 ss3ge6| ||~
1 LI ShapefileOriginal Constants Treatments AttTable Presentvalue FutureGivenPresent(n) AnnualGivenPresent(n) FutureGivenPresent(nf) AnnualC ... --j-- 4 »
READY COUNT: 24 3] M -—F+—+ 80%




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

EH oS- L - TABLE TOOLS
HOME ~ CREATE  EXTERNALDATA  DATABASETOOLS  ADD-INS  FELDS  TABLE Antonio Fuentes ~
All Access Obje.. « || = Present Value M&R Costs | x
oo ¥ 1] - RIN_No - |LENGTH (ft) - WIDTH (ft) - AREA(ft2) - CrackSeal-1 - |Cold Patch-I - | Digoutandt » High PerfCo - | FogCoat-5 ~ | SandSeal-6 ~ Scrub Se[+
Tables . 322 322 301.89 31 9358.74 $259.97 $311.96 $318.20 $623.92 $308.84 $561.52 g
318 318 302.22 31 9368.685 $260.24 $312.29 $318.54 5624.58 $309.17 $562.12 ¢
& (a-7 Copital Recovery 193 193 302.87 34 10297.656 $286.05 4343.26 4350.12 $686.51 4339.82 4617.86 41,
B (F- single Payment Compou.. 278 278 303.23 31 9400.122 $261.11 $313.34 $319.60 $626.67 $310.20 $564.01 <
T Present Value M&R Costs 414 414 304.58 31 9442.098 $262.28 $314.74 $321.03 $629.47 $311.59 $566.53 g
328 228 305.35 31 9465.804 $262.94 $315.53 $321.84 5631.05 $312.37 $567.95 ¢
351 351 306.06 31 9487.863 $263.55 $316.26 $322.59 $632.52 $313.10 $569.27 ¢
458 456 306.82 28 8590.9176 $238.64 $286.36 $292.09 $572.73 $283.50 $515.46 ¢
477 475 307.17 31 9522.198 $264.51 $317.41 $323.75 $634.81 $314.23 $571.33 g
21 21 307.52 44 13530.816 $375.86 $451.03 $460.05 $302.05 $446.52 $811.85 31,
319 319 309.23 32 9895.482 $274.87 $329.85 $336.45 $659.70 $326.55 $593.73 ¢
205 205 309.64 55 17030.25 $473.06 $567.68 $579.03 $1,135.35 $562.00 $1,021.82 $1,
285 285 310.33 31 9620.334 $267.23 $320.68 $327.09 $641.36 $317.47 $577.22 g
126 186 311.67 37 11531.883 $320.33 $384.40 $392.08 5768.79 $380.55 $691.91 31,
578 576 313.16 31 9708.111 $269.67 $323.60 $330.08 $647.21 $320.37 $582.49 ¢
548 546 315.46 27 8517.3975 $236.59 $283.91 $289.59 $567.83 $281.07 $511.04 ¢
508 506 316.21 36 11383.488 $316.21 $379.45 $387.04 $758.90 $375.66 $683.01 s1,
a7 425 316.28 36 11385.927 $316.28 $379.53 $387.12 $759.06 $375.74 $683.16 31,
134 134 317.61 21 6669.9117 $185.28 $222.33 $226.78 $444.66 $220.11 $400.19 ¢
235 235 318.11 29 9225.333 $256.26 $307.51 $313.66 $615.02 $304.44 $553.52 H
546 544 318.59 25 7964.8641 $221.25 $265.50 $270.81 §530.99 $262.84 $477.89 ¢
239 239 319.43 35 11180.187 $310.56 $372.67 $380.13 $745.35 $368.95 $670.81 31,
439 438 320.94 25 8023.4163 $222.87 $267.45 $272.80 $534.89 $264.77 $481.40 ¢
236 236 322.86 57 18403.002 $511.19 $613.43 $625.70 $1,226.87 $607.30 $1,104.18 $1,
429 429 3237.32 36 116543.7 $3,237.33 $3,384.79 $3,962.49 $7,769.58 $3,845.94 $6,992.62  $11,
206 206 324.07 42 13610.889 $378.08 $453.70 $462.77 $907.39 $449.16 $816.65 31,
488 436 325.26 37 12034.512 $334.29 $401.15 $409.17 $802.30 $397.14 $722.07 $1,
252 252 325.54 39 12696.084 $352.67 $423.20 $431.67 $846.41 $418.97 $761.77 SL,
577 575 326.15 44 14350.698 $392.63 $472.36 $427.92 $956.71 $473.57 $861.04 $1,.
Record: W 10f620 | » M ¥ Search 4 ) ‘ ‘ ‘ ’ ’ )

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

catalog.
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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.
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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.
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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.
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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. Alist 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.
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Figure 11. Estimate Table becomes Shapefile Attributes
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