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ABSTRACT

This project created a reusable GIS map layersofmis and road-related assets in
the town of Grafton. The team inventoried roads amghs in the whole town and
guardrails and sidewalks in the target area. In&ion such as condition, sign type,
guardrail end treatment, or sidewalk material watered into the GIS layers so that the
town of Grafton has a reusable information systémtsacurrent assets. Our project also
demonstrates the reusability of the database tardwse by the town for paving, snow

plowing, and most importantly GASB-34 analysis.
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Executive Summary

The team members, Tantra Budiman, Sean Durrigash,Racthel Pennellatore,
worked with the Department of Public Works in tloevh of Grafton, MA from August
2006 through May 2007. The mission of the projeeswo help the town of Grafton
efficiently maintain its roads in a proactive mannghe business of maintaining roads
and assets is extremely expensive. In 2004, Massattls spent over 450 million dollars
on maintenance, while the U.S. spent over 160ohbilldollars. Maintaining accurate
records of assets and their conditions is vitah&osuccessful functioning of the town.

However, in the town of Grafton, there is no in@giton record. Also, there is no
electronic database for updating the inventory. ven of Grafton operates with paper
records for road maintenance and this is done ogaetive basis. In this context, the
team’s main goal was to improve the documentatibnGoafton’s transportation
infrastructure.

This project had four objectives.

1. To inventory all the roads and signs owned and tamiad by the town and
to also inventory the sidewalks and guardrails withtarget area of Grafton
chosen for its diverse representation of the town.

2. To assess the condition of all signs in the toon@with the conditions of
roads, sidewalks and guardrails within the targeda

3. To identify future maintenance needs and demormestitae reusability of
data, and

4. To recommend mechanisms to keep information umate.d

Field work was done by manually tracking down tlsses and recording their
location along with a number of important attritaitEach asset was assigned a condition
and entered directly into a Geographic Informatiystem (GIS) on a laptop brought into
the field. The team mapped these assets onto thdagérs of the town to create a series
of thematic maps crucial to an accurate and curneentory.



The team inventoried all of the roads of Graftataling 120.8 miles. Attributes
recorded included name, length, material, condittord ownership. All roads were
broken down into segments to be better identified given a unique identification code.
Figure 1 shows the map of all of Grafton’s roads.

The team also inventoried most of the signs in @mafexcluding those on state
or privately owned roads totaling 835 signs. Atitds for signs included type, class,
shape, condition and pole material. These too waoh given a unique identifying code.

Figure 2 shows the signs inventoried by the team.




In the target area, the team inventoried 29,746 &éesidewalks, along with
recording their length, condition, and materialdesvalks were also segmented into
smaller areas, again with an individual identifyiogde. Figure 3 is a map of the
sidewalks inventoried by the team.

Finally for guardrails, the team inventoried 2,Xé8t of guardrails in the target
area and recorded their end treatments, matenafectors, condition, and poles.
Guardrails also received a unique identifier fotalase purposes. The inventory of

guardrails in the target area is shown in figure 4.




For the purposes of assessing conditions, the teaaied a system based on the
MassHighway Pavement Distress and Rehabilitationualafor roads and sidewalks and
MassHighway Standards Manual and also on the MafaudUniform Traffic Control
Devices (MUTCD) for road signs. For guardrails, team created their own criteria
based on MUTCD. Assets were graded on a poor tellext scale, with the number one
indicating poor condition up to a five indicatingoellent condition.

Once the inventory and assessment were done,e#m produced a series of
recommendations. The first focused on assets tlee wn poor or below average
condition. The team recommended these assets dxitipeid for maintenance for safety
reasons and provided a cost estimate. Table 1 stiensost to upgrade the roads, signs,
sidewalks, and guardrails with poor and below ayereonditions. Figure 5 shows the
location of all the assets in poor and below aver@@nditions. Detailed locations of each

asset are shown in chapter 5.2

Table 1 Cost to upgrade poor and below average coitidn assets

Assets Total length/number Cost per Total cost
Sign 95 signs $250/sign $23,750
Road 5,353 feet $39.60/foot $211,978

Sidewalk 433 feet $20/foot $8,660
Guardrail 1,037 feet $20/foot $20,740
Total $265,128




Our second recommendation related to the invenbérypad assets. The team
managed to inventory all roads in Grafton, almdbktr@ad signs in Grafton, and the
sidewalks and guardrails in the target area. Wemegend that the town completes the
inventory so that the data can reflect the totaétssthat the town has. Table 2 shows the

estimate of the total assets left to inventory.

Table 2 Estimated total number of assets left to do

Assets Estimated assets for the Total assets that the team | Total assets left

town of Grafton assessed to do
Signs 908 signs 835 signs 73 signs
Sidewalk 99,086 ft 29,746 ft 69,340 ft

Guardrail 7,560 ft 2,278 ft 5,282 ft




Besides completing the inventory, the team alsomenended how the road data
could be used in the future by DPW. The data coubdt obviously be used to keep track
of the town’s road assets and also to track theliton of each asset. Other possible use
of the data collected include GASB-34 analysisywhg, paving, and painting costs for
the roads, accident analysis and prevention, aadnplg emergency vehicle routes.
These uses would require input of additional aitel into the database such as width of
the road and date of installation. Table 3 showesatiditional attributes that would need

to be incorporated into the additional analyses.

Table 3 Additional attributes for further usage ofthe database

Attributes Use
Width Paving, crosswalk painting, plowing
passes, emergency vehicle access
Traffic flow Predicting the life expectancy of rqad
prioritizing road maintenance
Installation date GASB-34 compliance, prioritizingpad
maintenance

The team also recommended the town to requirelalees of new roads in
Grafton to submit all topographical data of a n@ad construction in electronic form
and to establish penalties for non-compliance. &@lresommendations would save the
town manpower and money and ensure accurate rkeeqng. This process is shown in

Figure 6.




The team also recommended the town to improve camuation between DPW
and local police and private contractors so asnguee accurate and updated conditions
of road assets in the database. This recommendigtishown in Figure 7. Currently,
there is no direct communication between a develaggped local police with the
Department of Public Works (DPW) in Grafton. Th@amunication channel would help

DPW staffs obtain the up-to-date condition of then’'s assets.

The team worked throughout the year to provide @Bnafvith the methods to
successfully inventory and assess its road infresiral assets. The team tested its
theories and methods on the roads of Grafton argl atde to accurately report and
record data, in addition to performing many typégaluations and analyses. With our
recommendations, we believe that Grafton can ssfulgs implement the methods
shown in this report to achieve better maintenaamog management of its road assets

while also improving safety.
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1 Introduction

There are many responsibilities and powers thathamled by a government.
Citizens give up individual rights and powers amdtow them upon the government in
order for the betterment of the society as a whelgalic works is a large part of ensuring
a town or city runs smoothly. Within a town, roads one of the most important public
works assets. Good road conditions and timely regra& essential for the daily life and
safety of the town. In order to effectively do thisere must be an easy and accurate
system in place to monitor these assets.

In the U.S., according to a 2004 survey, there v&881,512 miles of road.
Massachusetts itself had 35,592 miles of publidyroaer 87% of which is maintained by
local government8.The state of Massachusetts spent over 609.5 mitliollars since
1994 on road construction and maintenahce.

Currently Grafton does not have system where ititom all assets and their
conditions. Their records may be scattered amonggirecompanies or police
departments, or not filed. This causes them téoparmore reactive maintenance. Since
Grafton does not have the mean to monitor its sssepair is done when the
infrastructure is in a poor condition rather th&notigh preventative maintenance. To
address this issue, our team created an informaystem that would make this data
accessible and help Grafton keep track of its reasrice and repairs.

Our team’s goal was to provide the city of Grafteith an inventory of all its
road infrastructure assets and to evaluate theitboms! of those assets. Our team did the
field work necessary by first marking the locatadrall important assets. We assessed the
condition with a number of standards, some fromdfate of Massachusetts and some
through a created ranking system. Our team alsorded information about the other
attributes of the infrastructure such as type foadr signs and end treatment for
guardrails. This information used by the DepartmehtPublic Works to archive

necessary information and to keep its informatioment.
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Through this information system, Grafton can startanticipate repairs and
maintenance costs and do more preventative maimtenaAssets that are in need of
maintenance can be identified before they reactate ©f total disrepair. The detailed
mapping can also help Grafton manage other aspécity life such as road work, traffic
patterns, mail, and bus routes.

With the information system created, DPW staff agdate and access any
information about the road infrastructure. Inforrmatsuch as value, installation date

when available, location, and attributes of angtgsll be easily available.



2 Background

In this background chapter, we will discuss howdsdave become a very
important and costly utility to people in their yalives. Every year, millions of dollars

are spent to maintain the condition of infrastroesuto ensure the safety of the users.

2.1 ROADS AND RELATED ASSETS

Roads and their infrastructures, despite not haginigng history, have quickly

become an integral part of society. This infragtitee such as guardrails, traffic signs,
traffic lights, and the road network itself, havecbme indispensable to the millions of
people using them every day. Since the inventiorihef car in the early 1900’s, the
number of automobiles has grown exponentially. As2002, there are 4.6 million
registered vehicles in Massachusétfhiat number was up 25 percent from 1992 data.
With that many vehicles on the road, transportati@intenance is critical in this state.

Most people on the roads take for granted the Wik goes into making sure the
roads are properly maintained and safe. Roads lbeuist good driving condition, and the
signs and lights on them ensure the safety of keaseln most cities and towns in the
U.S., the Department of Public Works is responsibtethe conditions and maintenance
of this infrastructure.

"Roads are one of the most expensive respongisiltiat towns have,” said Bob
Mumford, transportation program manager with thee&C&od Commission, the regional
planning agency In Massachusetts, road construction projectewtde totaled over
$4.2 billion dollars per year for the past severarg® Transportation spending is
expected to average $ 610 million dollars per yeathe next five years

Massachusetts has 122 maintenance facilities stigeand data collected by the

Highway Department shows the conditions of stat@tamed highway in Massachusetts
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in 2002 (Figure 8). Conditions were assessed based standard set forth by Mass

Highway.

Figure 8 Conditions of state-maintained highway irMassachusetts

2.2 CREATION AND INCORPORATION OF ROADS

When a town decides that it wants to build or ipcoate a private road as town

property, there are a series of steps that mutakem before that happens. Step one is to
form a road association. The association may béenu@ of abutters of one or several
roads with a common interest. Secondly, the roabaation must have preliminary
discussion to determine if they would like to raadbecome a public way. The town
would accept responsibility for maintenance of tbad, but abutters lose control of the
road. In step three, if the association decidewatild like the road to be public,
ownership of the road is determined. Roads magvioeed by subdivisions, contractors,
creators, heirs, or other associations. Next, dieiermined whether any additional land is
required. Towns have standards such as minimumhwidtning radii, and turnaround
dimensions. If the existing road does not meet togquirements, negotiations must be
entered into with the abutters to acquire the resrgsextra area. Private property such as
fences or mailboxes may remain on the town rodteatliscretion of the Commissioner,
but will not be the responsibility of the town. Theext step is to determine any
improvements that the road requires. Standarddeseribed in state manuals. The Road
Committee may make recommendations to the towningeethen the road is considered
for transfer to town property. The cost of any ioy@ments will be paid by the Road
Committee, as the road will not yet be town propestep six is to review everything and
decide to proceed. Once all the information abasts; improvements, and properties is
gathered, the committee should review and reaffisndecision to incorporate the road
into the town. Once it has done that, the Road éiafon must acquire the title to the

road. A deed for each area used to create themuesd be gotten, and the road will be



mapped and described. This will allow the Regisirypeeds and the Commissioner to

clearly determine the boundaries of the rBad.

Next, the Road Association must pay the costs efrtlad necessary to meet the

minimum of required standards set forth in anymadices. Once that is done, a request is

made to the Road Committee to inspect the road. fDael is inspected for any

deficiencies, and the committee is advised of howrbceed. A deed is then drawn up

granting the road to the town, including all lanudar and space over the road. In the

final step, the Road Association must petition 8electman to create the town road.

#9$
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Included with the petition

must be evidence that the
Road  Association  was
created legally and with

power to operate. Also, they
must include minutes from a
meeting that prove the road
was legally voted on to be
given to the town. A

statement of the type of road
that the committee wishes to
make must be presented,
along with copies of the

maps and boundaries of the
road, and the deed giving the
road to the towr.Figure 9 is

a chart of the whole process

in a few short steps.



However, many roads that are presented for acceptare being built by a
developer in conjunction with a contractor. Newd®are mainly created along with
residential subdivisions. The first step is a plagrstage which can take between six and
twenty-four months. Developers must consider ftcaffievels, intended usage,
environmental and also economic usage, cost, detydasues® As far as a town’s data
requirements, the town of Spencer, a town neart@rathas specific bylaws. They
require the plans to have the area of the roads)davies, direction, length, and location
of existing structures, among other things. Theyp ahust include zoning, owner’'s names
and lands that are adjacent, the purpose of the, rm@d any changes they intend to
make!!

In the second stage, the design aspect takes flaisecan last between 15 and 24
months. Developers and contractors consider the typroad, location, and length and
size based on a number of factors including thd’'soatended function and type of land
it is being built on, whether flat, hilly, urbartce Preliminary designs are drawn up, and
proposed to the owners of the road, and submittéiaet town for approval.

In order for the plans to be approved, copies efflans must be submitted, along
with an application and fees. It is then revieweadtle development office and town
clerk. Further on, it must also be approved byBbard of Health, a reviewing engineer,
the town staff, and the planning board. If approlgall of these people, it then passes to
a public hearing in which any citizens may expi@sscerns.

If approved then, the planning board will issue eatificate of decision, and
require a bond of the developers in the amountoteeic construction and performance
costs. Then the developer may begin constructidmeM¢tonstruction is finished, he may
request an inspection by the town. If the roadosntl to be in compliance with the
requirements and laws, the developer may applglease the bond held by the town.

The last step is to request approval to becomeblicproad. The planning board
will again meet, and discuss the possibility ofeatance. When the planning board votes
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to accept the road, they will become responsibtenfaintenance. Figure 10 shows a

flowchart of the whole process in a few steps.

When private roads become public roads, the goventsnmust have ways of
keeping track of their infrastructural assets. They built to last much longer than any
other capital assets. Infrastructures are buillitiérent times and degrade at different
rates due to a number of factors such as frequatweather, building materials, and

capacity. Figure 11 shows the division of roadslassachusetts in the year 2002.



x + ,
Arterials refer to main roads or channels with gnaranches. Collector roads are
roads which tend to lead traffic from neighborhcaréas and local roads to areas of
activity in the community, or occasionally to anpeassway or freeway. As we can see
from Figure 11, there are more local roads thatestaintained roads. Maintenance of
local roads will be hard since the roads are owned lot of different towns thus there is

a need for a standard so that these towns canairathe roads in a similar way.

2.3 GOVERNMENTAL ACCOUNTING STANDARD BOARD (GASB)
While keeping track of the condition of the infragture itself is important, just

as critical is the financing behind it. The cit@sd towns of Massachusetts get a budget
from the state, which usually is not sufficientctwver all of their infrastructural expenses.
They also collect revenue from taxes on residdhts. important that budgets can be
prioritized on infrastructures that need immedrai@acement.

The Governmental Accounting Standards Board (GAISE) private, non-profit
organization that establishes and improves finaratendards and accounting for state
and local governments. It also helps governmerterigéne their ability to pay debts and
provide services to its citizens. It is composedseveral members, namely auditors of
government financial statements and members of atedemic community? The

mission of GASB is to establish and improve stadslaf state and local governmental
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accounting and financial reporting so that they peoduce useful report that can be used
for financial report for government, auditors, ayather user$®

The GASB-34 statement was issued June 30, ¥9®9equires governments to
provide a detailed account of the values of noyotd roads, but all the related fixed
infrastructural assets such as bridges, roads,rsevead signs, and traffic lights. GASB
#34 also defines fixed infrastructure assets asgiloved capital assets that normally are
stationary in nature and normally can be presefoe@ significantly greater number of
years than most capital assets-~..”

By using the GASB-34 report, the state governmaundijtors, and others can then
assess the fiscal needs of each local governmentjtige investments, and allocate
funds as needed. This report is required annu@lxer time the reports, if carried out
properly, can show improvements in budget managgmaad predict future maintenance
needs.

The aim of the GASB report is to maintain a dethilecord of the value of local
inventory, and to determine the needs of the |lgoalernments. The report could help
both the state and the towns to analyze debts sseka eligibility for federal loans. It
also provides a picture of the services providedht citizens, and at what operating
costs. In simpler terms, GASB forces towns to ojgenaore like a business, by knowing
the exact values of their assets. With that infdromaavailable, they can look at the
different portions of the budget they allow versius value of the infrastructures. A good
business policy is to allow ten percent for maiatere and repair. According to Grafton
town official, Grafton allocates far less than teeommended 10 percent.

One mentioned benefit of the GASB # 34 method ideda“proactive
maintenance The theory behind proactive maintenance is thahdimg one dollar on
preventative maintenance at the appropriate timienasset’s serviceable lifetime may

save up to four dollars for future maintenance £oBhe GASB #34 required conditions
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and values can help predict the best time to parfpreventative maintenance. The
ultimate goal is to reduce spending while incregi$ire life span of the infrastructures.

In order to comply with GASB-34, towns must subraitcomplete annual
financial report. Contained in the report must be accurate monetary value of each
infrastructure component the town must evaluate. Vidlue is determined by the age and
condition of each asset. Towns will have on redbalinstallation date of each asset and
the conditions can be determined by referring ttesissued manuals outlining and
providing standards for each condition level. Pultorkers must go out into the city or
town and manually assess each infrastructure. Jeiig time consuming and requires a
manpower that some cities or towns do not haveelOtbwns in Massachusetts are
fortunate enough to either have that manpower eagdailable to them, or have already
implemented an information system for tracking ttlasisets. Grafton, however, does not
have adequate personnel to conduct these assessmandloes it have in place an online
system of reporting. Our project created an infdaiomasystem so that the town of
Grafton can keep track of its road assets and eayntcomply with GASB. A little
history of Grafton and how the town currently mains its road assets will be explained

in the following section.

2.4 THE TOWN OF GRAFTON
The town of Grafton is located in Massachusettaftszast of Worcester. It was

named for Charles Fitzroy, Duke of Grafton. In 1784e original 40 proprietors of

Grafton petitioned to buy 7,500 acres of land fittve Indian owners. It was established
in 1735 after being split off from Sutton as ondhoke towns founded to Christianize the
Nipmuck Indians living in the area. In earlier émit was known as the Plantation of
Hassanemesco, which means “place of small sto&esly business in the town centered
on the manufacturing of textiles, and mills chaeaeed the town. The town was made
up of six villages, characterizing individual commity centers-’ Last census data (2000)

indicates that 14,894 people reside in the towng¢lvbpans just 22.83 square miles. That

was a significant increase as the 1990 census alalta showed a population of
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approximately 8,800 people. The town of Graftontaoms 84 miles of road that is
maintained by the town itself, with an addition8l rhiles of highway maintained by the
state of Massachusett§ Route 122 and Route 140 both pass through Grafton.

In the town, there are only five roads which remampaved, three of which are
privately owned roads. Grafton has also lookedeatemt studies conducted by traffic
analysts in the area, which indicate that the irdfow is expected to increase by one
percent each coming year, more than twice the atarge according to Grafton official.

Grafton takes its pride on being what Roger Hammahe Director of Public
Works in Grafton, has called a “bedroom communitly.’is comprised primarily of
residential areas. Due to zoning regulations, theme not many areas that allow
commercial enterprise. Also, there are not manyeldracts of land that would be needed
to establish larger businesses. However, the taagnsken a steady upward trend in new
housing. In 2005, approximately 225 new housingspieere started, with the option still
for 500-600 more available.

Grafton had total available revenue of $36, 169,ft88he 2006 fiscal yedr. Of
that amount, $19,774,960 was raised in taxes. Adddtlat was $8,305, 410 from the
state of Massachusetts. An additional $3,861,009 tlveough local receipts, which are
fees that the town collects through things like tlognses, zoning permits, gun permits
and other permits for which the town charges issdents. In free cash, which is money
left over from last year's budget, the town coltt$600,000. There is also a
stabilization fund, which was described as moneyckviihe town just saves, which
pulled in $516,932. Grafton is a town which is veonservative in its spending.

The records of its assets are not as detailed exutate as its financial position.
Currently, the town is using paper record whichighly inefficient. Paper records could
be damaged over time, lost, or could be hard tp keck of due to the sheer volume of
papers which have accumulated in the course oye¢hes. The town would also like to
see a digital conversion for security purposes. iRstance, a fire could destroy paper
records, but a digital file could be backed up atated elsewhere. Additionally, paper

records allow for mistakes in simple communicatsuth as illegible handwriting. An
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online system would eliminate smaller mistakesadidition, Grafton does not have on
record any of the installation dates of their ra#dastructures. Roger Hammond says the
only indicator would be the material used. For epkanin the 1980’s, most guardrails in
Grafton were built of wood, while more modern oaes steel, yet no specific date will
be able to be found. It also lacks data on how niafngstructures it actually owns.
Grafton currently maintains their infrastructure mrore of a reactive basis. It
repairs broken or malfunctioning infrastructures iasgets reported to them. Its
maintenance funding comes from the annual budde. Department of Public Works
would like to be more proactive, but funding is ii@d and plans for projects must be
presented in a five year plan and approved befamk Wwegins, and inflation can elevate
costs far beyond the original estimates. Duringaisp Grafton deals with maintenance
through contracting, because it does not have thepment to handle it themselves.
Mainline paving, electrical work, and plumbing alust be hired out as Grafton cannot

do the repairs itself.



3 Methodology

This project was intended to help the DepartmenPualblic Works of Grafton,

Massachusetts maintain and manage its road-relafegbtructures by computerizing

current paper-based system.

The objectives of our project are:

5.

To inventory all the roads and signs owned and taeied by the town and
to also inventory the sidewalks and guardrails wvithtarget area of Grafton
chosen for its diverse representation of the town.

To assess the condition of all signs in the tolongwith the conditions of
roads, sidewalks and guardrails within the targeda

To identify future maintenance needs and demomstita¢ reusability of
data, and

To recommend mechanisms to keep information upate.d

The focus of the
project was to inventory
and assess the condition of
public roads and its related
infrastructures in the town
of Grafton, Massachusetts.
For assessing roads, we
used the Massachusetts
Highway Department
pavement handbook as a
guide for the extent and
severity of road damage.
For other infrastructures

such as guardrails, traffic

lights, street signs, and

sidewalks we used similar

condition assessment standards that had been nsetther projects. Finally, we used

Maplinfo software to develop a GIS based mappingesyshat incorporates associated



attributes for each infrastructure, such as lenghgdition, and location. Figure 12 shows
the boundaries of the town of Grafton, with figut8 showing our focus target area

outlined in blue.

3.1 INVENTORYING ROADS AND RELATED ASSETS

In order to estimate the value of road and roadted| assets, it was important to

determine the major road assets that would be ocated into the system. Before the
assets could be identified, it was necessary tatera unique ID for each segment of
road. The ID would consist of the name of the stiedlowed by numbers. We
inventoried the roads and the following road relassets:

Signs

Sidewalks

Guardrails

Certain attributes were also needed to be recofdedather road related assets.

These assets must receive their own ID, like tlaelspso that each one was unique and

its unique attributes could be recorded. Sincemsee taking our data in segments, the



ID began with the street name on which it is ledat Next was two letters to describe
which type of road asset it is. These ID’s westelil as follows: SW= sidewalks; GR=
guard rails; SS= street signs. Each individuataesceived a unique ID number at the
end to distinguish it from other assets locatedh@nsame street. For example, a guard
rail on Worcester St. would have the following IBorcesterSt. GR_001.

The physical characteristics of the roads and ttedated assets were required to
determine their value, so it can be used to comptli GASB-34. It was also vital to
record this information so that it is easily acdassby the town of Grafton. In order to
do this, we determined the attributes that were ezidbd into each segment or
infrastructure.

The data for all of this information was recordgdusing portable computer out
in the field. Digital pictures were taken to proziéxamples of varying conditions for

roads and assets.

3.1.1 Inventorying Roads

Using the map layer of Grafton, MA given to us b tsponsor, we generated
road segments between intersections. Attributeisvileee important, such as length and
condition, were added to these segments. The ribaloudes that we chose to study were
length and conditions. The section of the roadhwhe minimum width can be
determined by using tape measure. Unfortunatelg,td time constraints, the team did
not measure a numerical value for minimum widthhef roads. Private and state owned
roads were not inventoried; their maintenance isthe responsibility of the Grafton
Department of Public Works. The length of a roads veasily given in feet from the

centerline layer in Maplnfo.

3.1.2 Inventorying Signs

The type, pole material, condition, and locationsagjns were recorded. The
number of signs in total was recorded for town datmagement, along with signs that
still need to be replaced in the town. Types ohsigvas recorded and checked for
visibility and legibility. Some signs share a $teele or wooden pole. For this case the

signs were placed in close proximity of each othevlapinfo. By doing this, all of the



signs are visible, and anyone physically in that paGrafton will know that those signs
are located on the same pole.

Due to the large amount of different types of sjgrech sign was put in a specific
sign class. Base on the Manual on Uniform Traffisn@ol Devices (MUTCD), we
created four classes for sign, which consist dfitraontrol, traffic warning, information,
and caution. Traffic control signs are signs thattwml the traffic flow. Traffic warning
signs let the road users know about certain daogehe road if the users do not follow
the signs. Information signs give information ftetroad user that is not related with
traffic flow. Caution signs give warning to the doaser regarding danger on the road that

is not related with traffic rules.

3.1.3 Inventorying Sidewalks
In the case of sidewalks, the length, condition,temals and location were

recorded. The team checked the location with a ofa@rafton matched to our own
footwork and manual placing of the sidewalk locasioand attribute inventorying.
Sidewalks, like roads, were segmented at eachirdaxsection. This was done to save
time and labor and allow us to move on to othetspaf town quicker. A sidewalk
segment was not divided where there are drivewdye sidewalk layer in Mapinfo will
show sidewalks as a continuous line with no breakere the sidewalk becomes a

driveway. Again this was done to conserve time.

3.1.4 Inventorying Guardrails

The condition, material, location, number of polesd end treatments were
recorded for guardrails. Guardrails that are iorpmndition and need to be replaced are
emphasized in the report. These guardrails arsethibat have heavy damage due to
automobile collisions or have poles that are rgtiam heavily damaged. Guardrails on
opposite sides of a road were given their own ID. addition, guardrails that were
separated by an object such as a bridge or drivevesg considered separate assets and

given their own ID.



3.2 ASSESSING THE CONDITION OF ROADS AND RELATED AS SETS

This section will demonstrate how the team createdystem of condition

assessments and how they applied to the roadstatdd assets of the town of Grafton.

3.2.1 Assessing the Condition of Roads
The condition of roads was rated on a scale of one

to five; five being excellent condition and onergepoor.
This takes into account four forms of pavementresst
that may devalue the road, all of which are defimethe
Massachusetts Highway Department Pavement Distress

and Rehabilitation Manual'here are surface deficiencies

%&

such as potholes, flushing, delamination, raveliagd
weathering. Surface deformations include rippling,
rutting, shoving, tenting, cracking, and lane/sdeul
deterioration such as drop-off and separation. d@imms

of roads will be defined with the following values:

5- Excellent Little to no pavement distress. Any

distress is low in severity and extent.

4- Above Average Contains pavement distress but is
low in severity and extent.

3- Average Contains pavement distress, but is mostly
low to moderate in severity and extent.

2- Below Average Contains several types of distress
ranging from moderate to heavy in severity andrexte

1- Poor. Contains distress that is mostly heavy in
severity and extent.

Figures 14 through 18 illustrate roads in excellent

through poor condition, respectively.
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3.2.2 Assessing the Condition of Signs

The condition of street signs used the method
previous projects used to value their conditiorikelLroads,
they were rated from one to five; five being thetband one
the worst. The values are defined as follows:

5- Excellent: Street sign is new or efficiently maintained.

4- Above Average: Street sign is easily readable with few
imperfections.

# %& 3- Average: Street sign is legible with partial fading or
damage.

2- Below Average: Street sign is partially unreadable or
heavily damaged.

1-Poor: Street sign principally unreadable with high leve
damage or visual impairments.

Figures 19 through 23 illustrate examples of steeghs in

each of the five conditions.




3.2.3 Assessing the Condition of Sidewalks

%&

Sidewalks were defined on the same one to five
scale, which is defined as follows:

5- Excellent Sidewalk is new or efficiently maintained.

4- Above Average Sidewalk is smooth and traversable
with few imperfections.

3- Average Sidewalk has slight damage due to use and
weathering.

2- Below Average Sidewalk is deteriorating with cracks
and missing pavement.

1- Poor: Sidewalk is traversed with difficulty with severe
pavement damage.

No sidewalks in poor condition were found in thegé
area. Figures 24 through 27 illustrate examples of
sidewalks in excellent through below average caoomlit



3.2.4 Assessing the Condition of Guardrails

[ %&

The guardrail infrastructure, for purposes of
conformity, followed the one to five scales.
However there are no assessments for above
average and below average condition, labels 4 and
2.

5- Excellent Guardrail is new or very efficiently

maintained

4-

3- Average Guardrail is upright but has slight
damage or wear

2-

1- Poor: Guardrail is not effectively upright and has
high levels of damage

Figures 28 through 30 show examples of the three

levels of guardrail condition.



3.3 IDENTIFYING FUTURE MAINTENANCE NEEDS AND REUSAB ILITY OF
DATA
The team gathered data that can be used for vaappbcations. Due to time

limitations and the difficulties of some data cotlen, not all attributes of the assets
could be collected.

In reviewing the literature, the team identifieddabnal attributes that could be
implemented in the future so that the data can g dor various purposes such as
preventative maintenance, snow plowing, paving, GA&B-34 analysis. We described

these analyses in section 4.3.

3.4 RECOMMENDING MECHANISMS TO KEEP INFORMATION UP TO
DATE

Currently, when the developer submits proposal axema new road, the proposal

is paper based. If the town requires the develtpeaubmit it in electronic format, this
gives the town the ability to incorporate the dditactly into the GIS system. To make
certain the road data is accurate, the developerthvaubmit the as built data of the
assets.

The condition of the assets will change throughbatyear thus it is necessary to
update the condition on a regular basis. The taaated flow charts to help the town of
Grafton to keep the data up-to-date. The first dbart will help the town to keep their
inventory up-to-date while the second one will hi#lp town to update the condition of

the assets. Both results are shown in section 5.3.



4 Results and Analyses

This section of the report displays the data ctdédy the team and immediate

and future uses of the information.

4.1 INVENTORIED ROADS AND ASSETS

The data for this report was collected by handhia town of Grafton between
November 2006 and March 2007. Each asset, itsitogand attributes were recorded on

a laptop computer in the field.

4.1.1 Inventoried Roads

5%

W Private
@ State
B Town

All roads in the town of
Grafton were segmented at each
intersection and given a unique
identifier to distinguish them from
other segments of road. The condition
of the road was also recorded.

The town of Grafton has 100.8
miles of town roads, 5.8 miles of
private roads, and 14.2 miles of state
road. The team managed to inventory
all of the roads, totaling 120.8 miles.
Figure 31 shows the roads in Grafton,
with the green roads indicating the
target area. Figure 32 shows the
percent distribution of roads based on
ownership. As we can see from Figure
31, the town owns more than % of the

roads in Grafton.



4.1.2 Inventoried Signs
Street signs were inventoried with a unique ID, tigpe, location, and pole

material. The following figure shows all of thgss inventoried in the test area.
Figure 33 shows the location of 835 signs in @rafinventoried by the team.
The next figure shows the same signs, separatesighyclass. For example, stop signs

are part of the traffic control class, while streigins are under information class.

There are four different sign classes. The distrdm of these sign classes in the
town of Grafton is shown in Figure 34. Informatiand traffic control classes are the

most numerous in the town.




4.1.3 Inventoried Sidewalks
Like roads, sidewalks were segmented at each ro@misection and given a

unique ID to distinguish them from other roadsgufe 35 shows all of the inventoried

sidewalks in the target area.

The inventoried sidewalks in the target area hatbtal of 29,746 feet. The
material used to build the sidewalk was also reedrdThe two types we observed were
asphalt and concrete, with 84 percent being madasphalt. Figure 36 shows the
materials of sidewalks by location.




4.1.4 Inventoried Guardrails
Guardrails were inventoried with a unique 1D, laeai material, number of poles

and type of end treatment. Figure 36 shows thentoried guardrails in the target area.

The team inventoried a total of 25 guardrails imafgn’s target area, which
totaled 2,278 ft. Sixty-four percent of the guaiidrare of the steel type, with 84 percent
having a boxing glove end treatment. Figure 38 shtve guardrail based on the end

treatment.
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4.2 CONDITION OF ROADS AND ASSETS
In addition to inventorying all of the roads aneitirelated assets, a condition was

assigned to each road and asset. These conditterss on a scale of 1-5 and are

discussed in more detail in the methodology.

4.2.1 Roads Condition
Seventy percent of the roads in Grafton’s targed avere given a condition rating

of above average (4). There was one road thatfgpghlis poor condition, in addition to

four in  below
average condition.
Figure 39 shows
the condition of
the roads by

location and color.

#

Table 3 summarizes the road distribution in tligdtarea based on the condition.
We can see that about 90% of the roads in the ttange are in average or better

conditions.

Condition Length (ft) % of Road
Poor 475 0.3%
Below average 4878 3.2%
Average 35,366 23.2%
Above average 97,737 64.2%
Excellent 13,794 9.1%
Total 152,250 100%




4.2.2 Signs Condition
Road signs are categorized by the condition graftiogn poor condition (1) to

excellent (5). Figure 40 shows the distributiorsigihs by condition.

Forty-one percent of the signs in the town of Graftan be assessed at above
average condition level (4). Only 13 signs needdoreplaced soon due to their poor
condition, but 82 others are below average andldhmel considered for maintenance or
replacement soon.

Figure 41 shows the percentage of signs based eorcahdition. We can see that
almost 90% of the road signs are in average oebetindition.
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4.2.3 Sidewalks Condition
We found that 6,366 feet of the sidewalks assessz@d in excellent condition

(5). Above average condition accounted for 15%sadks surveyed. Another 17,940

feet were in average condition (3).

Figure 42 shows the distribution of the sidewalkdzhon condition while Table 4

shows the length of sidewalk for each conditiothi target area.

Condition Length (ft) % of total
Below average 1073 3.6%
Average 17940 60.3%
Above average 4367 15%
Excellent 6366 21.1%




4.2.4 Guardrails Condition
In Grafton, the team found that four of the guaitdraccounting for 16 percent of

surveyed guardrails assessed were in excellentitamnd Sixty-eight percent were
average, and another 16 percent of the guardraite assessed in poor condition. Figure
43 shows the condition of the guardrails by logatiothe target area.

Table 5 shows the distribution of guardrail in ttegget area based on the

condition.
Condition Length (ft) % of total
Poor 433 19%
Average 1515 66.5%

Excellent 330 14.5%




4.3 APPLYING THE INFORMATION SYSTEM

The DPW can make use of the data collected for Somediate applications. By
collecting additional data, such as road width alade of installation, the town can

implement future applications.

4.3.1 Immediate Applications

4.3.1.1 D.P.W. Operations
A considerable amount of time and manpower could dawed by the

implementing the information system. By working lwthe information system about the
town’s road assets and conditions, DPW staff cae $he town the cost of surveying

areas of town that have had recent repairs or evzanice.

4.3.1.2 _Preventative Maintenance
Preventative maintenance is another use for thernrdtion system. The data

collected shows which of the town’s assets aree@dnof repairs. A schedule could be

developed to repair or replace assets before thaghr poor condition. Preventative

maintenance has also been proven to save more mbaeguse it is easier and usually
cheaper to repair than it is to completely repfidé Grafton begins to record the dates

of installation or repairs, then an analysis oé lgxpectancies for the assets could be
determined. An average span of time for each asaélity could be determined.

4.3.2 Future applications

4.3.2.1 GASB-34 Analysis
One objective of this project was to provide theriof Grafton with most of the

information it needs to produce the required GASBaBalysis. GASB-34 applies only to
assets with an installation date of 1980 or lattmwever, our team could not obtain the
installation date of the road assets. If the toWwiGmfton can add installation date into

the data, it can use the data to comply with GAgEB-3
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4.3.2.2 Plowing
Plowing is a major concern of New England towns wviinter. It is the

responsibility of the towns to ensure reasonablg daving conditions to citizens after a
snowstorm. The unpredictable weather and snowfalh end up costing towns
considerably more than their scheduled budget.reigd shows the truck that is usually

used by towns to plow.

Also, the MassHighway
Department mandates that
drivers be compensated for no
less than four hours of work at
a given time. The plowing
season can continue until May
31, should there be a need. In

the 2006 agreement, plowers

could be paid starting at a base
rate of $51.50 per hodf.That

amount of money for multiple plows, multiple houes)d multiple storms can quickly

0

deplete a town’s reserve.

In a 2003 snowstorm, more than 1.6 million dollaesl to be allocated by the
Federal Emergency Management agency (FE¥|Adnd that was just one bad winter
storm.

The town of Grafton allocates a snow removal budgfe$150,000 per year.
Planning ahead could save the town money, by mading its equipment is in working
order when the town needs it, and staying aheddeo$torm. Also, with traffic data, the
town can determine which of its major and busy soatust be cleared first and also

which sidewalks must be cleaned.
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Grafton could estimate the costs of plowing by gsam equation to determine
total costs for storms. The factors the town ndedsonsider are the number of plowers
employed, fuel costs, road lengths, average drigpeeds, and pay rates for the plowers.

The total costs would be equal to:

(Number of plowers)*(pay rate)*(number of hours aee to plow)*(cost of fuel needed)

The time needed to plow can be found by dividirgyribad lengths by the average
driving speed of plows.

This equation could be done for each road or storget an accurate estimate of
what a fully-funded snow removal budget may lodeliThe town could then compare
the costs of MassHighway employees to that of peigmow removal companies to save
money, since there is nothing they can do to pretrensnow.

Another use for the information in winter is the amt of spray, salt or sand
needed to cover the roads. By using the data af toad lengths and widths, the town
can easily add up the amount of the snow detertemteds, without overstocking or

running out.

4.3.2.3 Paving
The same can be said for road paving. Again, kng\le lengths and widths of

road can ensure the right amount of tar with pragaéculations. Also, by searching the
database, the town can see which roads are ingqooaiition and accurately anticipate the
repaving of high traffic areas on a regular schedabre easily. Similarly to plowing, the

town can then calculate driving speed by pay ratafrivers, and estimate costs of road

maintenance.

4.3.2.4 Painting
Painting also has costs which most people do radizee Knowing the lengths and

types of roads in the town, painting costs can bisaetermined for highway lane lines,
arrows, and crosswalks. Knowing where each of tledieators needs to be, and their

measurements can predict a base cost for paintyaffid volumes can predict how often



they would need to be repainted. Again, total costdd be determined when labor was

factored in with supply costs and time requirements

4.3.2.5 Emergency Vehicles
One benefit of implementing traffic data is to plmergency routes. Emergency

vehicles could avoid high traffic areas in timegoéat need and greatly reduce response
time to emergencies, saving immeasurable amourdanmages and lives. Also, with the
widths of roads available in the database, the toouid ensure that all roads were wide

enough to allow any emergency vehicle access.

4.3.2.6 Accident Prevention
Another predictor for the information could be amit prevention. Traffic data

could be analyzed to see if any area of town isemsusceptible to car accidents than
another. Although there are many other factors ¢batd contribute to an accident, such
as reckless driving, sun glare, or unfavorableidg\conditions, it could be worthwhile

to investigate the conditions of roads in the ameidorone area, as well as the visibility
of road signs and the sightlines or guardrail cbods. Any improvements made on the

town’s part could save the injury and trouble cdy@antable accidents later.



5 Recommendations

From the data collected and analyses done, the team make several

recommendations for the town of Grafton.

5.1 COMPLETING THE INVENTORY

In this project, we inventoried roads for the whtdevn, signs for almost the

whole town, and sidewalks and guardrails in thgatarea. By completing the inventory,
the town of Grafton will be able to keep track tsfassets. We estimated a total of 9 road
signs per mile, 983 feet of sidewalk per mile, @bdeet of guardrails per mile. From this
data, we can estimate the amount/number of assieteldo. The estimate is shown in
Table 7.

Table 7 Estimated total number of assets in town

Assets Length of Assets in the Estimated Estimated assets
roads covered | roads covered | assets per mile| for the town of
Grafton
Signs 95 mile 835 signs 9 signs 908 signs
Sidewalk 30.45 mile 29,746 ft 983 ft 99,086 ft
Guardrail 30.45 mile 2,278 ft 75 ft 7,560 ft

From the data in Table 7, we can estimate the atafuassets left to do. The

result is shown in Table 8.

Table 8 Estimated total number of assets left to do

Assets Estimated assets for the Total assets that the team | Total assets left
town of Grafton assessed to do
Signs 908 signs 835 signs 73 signs
Sidewalk 99,086 ft 29,746 ft 69,340 ft
Guardrail 7,560 ft 2,278 ft 5,282 ft

Besides completing the inventory, adding new aiteb can give further use of
the data. Table 9 will show what additional atttésican be added into the database and

what they can be used for.



Table 9 Additional attributes for further usage ofthe database

Attributes Use
Width Paving, crosswalk painting, plowing
passes, emergency vehicle access
Traffic flow Predicting the life expectancy of rqad
prioritizing road maintenance
Installation date GASB-34 compliance, prioritizingpad
maintenance

5.2 PRIORITIZING ROAD ASSETS MAINTENANCE

The team first recommends that the road assetdftmrbe in poor and below

average are replaced. The team has provided awcalyfsis below.

5.2.1 Replacing Signs in Poor and Below Average Conditian
The replacement value of a single sign is estimttdae $250. There are 95 signs

in poor and below average condition in Grafton. ré€place these would cost $23,750.
The town of Grafton should replace the signs inrpoandition as first priority. The
locations of the signs in poor and below averagalitmns are shown in Figure 45. In
Figure 45, the signs in poor condition are showth\le name of the street where they

are located.




When evaluating by sign class, there are 50 sigrisd traffic control and traffic
warning classes in poor and below average condiliblese are extremely important to
fix immediately as they are mandatory signs thatd the traffic flow. Figure 46 shows
the location of the signs in poor and below averagalitions. In Figure 46, the signs in
poor condition are shown with the name of the stvdeere they are located. The total

cost to replace these 50 signs is $7,500.

5.2.2 Replacing Roads in Poor and Below Average Conditian
Road repaving costs $39.60 per foot. Since thexé &53 feet of poor and below

average roads in the target area, the cost of mpadkiose roads equals approximately
$212,000 dollars. Figure 47 shows the locationsrerdes of the roads.



5.2.3 Replacing Guardrails in Poor Condition
In the target area, the team found 433 feet of go@rdrails. At $20 per foot, it

will cost $10,900 to replace the poor guardrailghia target area. Figure 48 shows the

name of the roads where the guardrails are located.




5.2.4 Replacing Sidewalks in Below Average Condition
There are 1,073 feet of below average conditioaveadk in the target area. With

an estimate of $20 per foot for replacement costould cost a total of approximately
$7,550 to replace the target area sidewalks. Fig@rghows the name of the roads where

the sidewalks are located.

The cost to replace the assets in poor and belenage conditions is summarized
in table 10.

Table 10 Cost to upgrade poor and below average cdition assets

Assets Total length/number Cost per Total cost
Sign 95 signs $250/sign $23,750
Road 5,353 feet $39.60/foot $211,978

Sidewalk 433 feet $20/foot $8,660
Guardrail 1,037 feet $20/foot $20,740
Total $265,128




5.3 KEEPING THE INVENTORY INFORMATION UP TO DATE
To ensure that the inventory and condition of tiferimation is up to date, we

recommend the following systems.

5.3.1 Updating the Inventory
The team recommends that Grafton implement a sys$teobtain information

about new roads and assets as they are createadapted by the town. As most new
roads in Massachusetts are created almost entirghe private sector, contractors and
developers would be the first to possess all tleessary information about the road and
its asset$> The majority of private roads eventually get atedpy the town, and thus

the town becomes the maintainer of the road. Figilreshows the process by which

improved communication could be valuable to mamiej accurate asset condition in the

inventory.
Figure 50 Recommendation on road approval process
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We encourage Grafton to require GIS data of the saech as centerline, shape,
and length for entrance into the database befarerdad becomes accepted. This data
should be submitted in electronic format in thepstenarked with red circle. Also on
record should be the contractor or developer, #ite df completion of the road, and the
date the road was incorporated as part of the t§\Wees could be established for non-
compliance with the required data, or even reftsalccept the road until the information
is supplied. This also applies to repairs donehey®d.P.W. The employees should also
update the database whenever they notice a comaitiange or perform maintenance or
replacement of an asset.

5.3.2 Updating the Condition
We recommend that the Department of Public Works sg a line of

communication to be used at least monthly, in g0 the status of town assets. One
major problem in keeping accurate records is theall resident will not always report
problems about road related assets to the DepartofeRublic Works, often local
residents contact the local police, or a privatetiaetor. If this information is not passed
on to the Department of Public Works, the inforrmatsystem will eventually fail due to
a lack of knowledge that the system needs updalihg. Department of Public Works
should work with the police so that any maintenamiceeplacements of town property be
reported to the Department of Public Works in aetymmanner in the interest of keeping

accurate records and costs. This process is showgure 51.
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Another attribute that can be added into the systera check mark to show
whether the assets have achieved the standardasteh as width, height, or material
set by the government. This would help the towGadfton in updating the assets so that
all assets can comply with the state regulatiorefmh asset.

We also recommend that the citizens of Grafton bengthe opportunity to
comment of the condition of the road infrastructurbis can be done by setting up an
online comment box for the citizen so that whenewanitizen notices a change in the
condition of an asset, he or she can submit consnenline, possibly on the town’s
website. The website should at least provide a Wwhbere local residents can provide
specific details about the asset such as the taind condition. The online comment
system will be better than a phone system becdwese will be written records of the

condition of the infrastructure.
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