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Executive Summary: 

What is Cornell Local Roads Program (CLRP)? 

 The Cornell Local Roads Program (CLRP) is a training program instituted by the State of 

New York to provide local municipalities with the training needed to properly manage and 

maintain the roads under their jurisdiction. CLRP has designed a computer program (CAMP-RS) 

to digitize the road condition data in an effective, user-friendly platform. The Pavement 

Internship Training, that CLRP offers, is designed to train college students in the CAMP-RS 

software and provide them with the tools needed to survey the roads within their municipality. 

During the ten week internship program, interns are expected to develop an inventory, conduct 

road evaluations, and prepare a final report of the management plan for the local roads and 

streets. 

 

Training 

 Training was held on Cornell’s campus in Ithaca, New York. Over the course of three 

days, we were educated on road design, construction, and maintenance. Proper flagging 

techniques were taught, as well as asphalt paving principles, pavement maintenance options, 

and how to operate the CAMP-RS software. 

 

Results 

 Over the course of the summer 5,275 roads were entered into the CAMP-RS database. 

3,029 of these entries and 945 miles of road were evaluated, totalling roughly 50% of the total 

2,050 miles of road under Dutchess County’s jurisdiction. This number exceeded the original 

goal to cover 550 miles of paved road by the end of the summer. 10 towns, 3 villages, and 2 

cities were provided with the surveys of their roads as well as a detailed report outlining the 

condition of their roads. These reports also explained the meaning and method by which the 

Pavement Condition Index (PCI) value was calculated for each road. As a whole, the CLRP 

internship program was successful in meeting its goals and provided us, as interns, with 

meaningful experience. 
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Process and Project Parameters: 

 Dutchess County has 2,050.3 recorded miles of total local roadways, ranging from 

unpaved roads in rural areas to urban city streets. The long term goal of this internship program 

is to survey the entire county over three summers. The goal for the first summer was to cover 

550 miles of centerline road in the areas of highest population density in the South West region 

of the county. This area included the following municipalities: Town of Pleasant Valley, Town of 

Poughkeepsie, Town of Fishkill, Village of Fishkill, Village of Wappingers Falls, City of Beacon, 

and City of Poughkeepsie. 
 In comparison with the other municipalities participating in CLRP training, this was the 

largest amount of centerline miles being taken on in one summer. This being the case, a more 

effective method of surveying needed to be implemented. The standard process of surveying 

roads was to use physical printed survey sheets to record the road information and condition 

while in the field, and then input this data into the database upon returning to the office. Since 

we had two full time interns assigned to this project, we chose to bring a laptop in the car while 

we surveyed roads. The road inventory was imported into the laptop before going to survey, 

and the condition data was entered into the database as we inspected each road. This method 

saved paper and a lot of time. 

 

Surveying Roads: 

Inventory Data 

 The road inventory was taken from the New York State Department of Transportation 

Local Highway Inventory. This list included county, city, town, and village roads within Dutchess 

County. State roads and private roads were not in our jurisdiction and, therefore, were not 

surveyed. By using New York State’s official inventory, we did not have to input all 5,275 entries 

manually. We were also able to identify and correct errors in the State’s inventory over the 

course of the summer. An example of the inventory data can be found in Appendix D. After 

compiling the inventory data into individual database for each town, village, and city, the 

process of surveying began.  

 

Data Collection 

The task of surveying the roads was approached one municipality at a time. Each 

municipality was divided into sections by the county roads that crossed it. These county roads 

were rated first, and then the smaller local roads within the sections were rated. This method 
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made the task easier, and allowed for fewer missed roads after each municipality was 

completed. The roads were rated while driving, which minimized the need to stop. While 

grading rural areas, like the Town of North East, this enabled us to cover over 50 miles of 

centerline road per day. 

 

Condition Data 

 Each road was graded using the same criteria in order to keep ratings consistent. This 

criteria was determined using the Surface Condition Survey Sheet (as shown in Appendix C), 

provided by CLRP.  The Surface Condition Survey Sheet allows for an organized recording of the 

condition of 100 percent of the street system. Its purpose is to identify existing distresses in a 

road surface which affects the performance of the road.  This yields information that highlights 

structural or material defects which lead to deterioration of road performance and eventual 

failure.  

Surface Condition Surveys were available for Asphalt Treatment, Surface Treatment, 

Concrete, and Unpaved roadways. Only asphalt roads were surveyed for this project.The 

document separates the distresses in asphalt into the following eight categories: 

● Alligator Cracking 

● Longitudinal/Transverse Cracking 

● Edge Cracking 

● Potholes/Patching 

● Roughness 

● Rutting 

● Bleeding/Raveling 

● Drainage 

 

 The following explanation was provided by the Cornell Asset Management Program - 

Roads and Streets 2014 User Guide. 

 

Longitudinal/Transverse Cracking 

 Longitudinal cracks are cracks that run parallel to the roadway centerline. Longitudinal 

cracks are usually found at construction joints and between lanes. Transverse cracks run 

perpendicular to the roadway centerline. Transverse cracks are generally spaced at regular 

intervals and caused by expansion and contraction of the road surface material. 

 Both types of cracks can also be reflective, appearing above joints and cracks in 

underlying pavements. 
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Alligator Cracking 

Alligator cracking refers to interconnected crack patterns that resemble alligator skin or 

chicken wire. Pavement pieces range in size from one to six inches on a side. 

 
Patching/Potholes 

Patching refers to areas where the original pavement has been removed and 

subsequently replaced but is showing deterioration. Potholes are areas where portions of the 

road pavement have broken and loss of pavement has resulted in a bowl shaped depression. 

 
Edge Cracking 
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Edge cracking refers to cracks adjacent and parallel to the edge of the pavement. While 

generally confined to the outer one to two feet of pavement, edge cracking can progress into 

the travel lane. 

 
Drainage 

Drainage severities are judged by the ability for runoff to flow from the paved area to a 

location that does not influence roadway conditions. Visual indicators of drainage problems 

include accumulation of debris and sand and high water marks. (Evaluation during or after a 

rainfall event can be extremely beneficial.) 

 
Roughness 

Pavement roughness is defined as irregularities in roadway surface which adversely 

affects the comfort of the ride. 

 
Rutting 
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Rutting refers to channels in the wheel paths. Rutting causes water to drain along the 

road surface rather than drain to the edge of the road. 

 
Bleeding 

Bleeding refers to the excess asphalt material on the surface of the roadway. Bleeding 

can be a safety problem due to decreased skid resistance. 

 
Raveling 

 Raveling is the wearing away of the pavement surface caused by the dislodging of the 

surface aggregate particles and the loss of asphalt binder. Raveling includes the loss of fines to 

the loss of coarse aggregate. The surface becomes characterized as very rough and pitted with 

the obvious loss of aggregate. 
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Most of the above categories are rated by both severity of the distress, and extent of 

distress. Potholes/Patching are only rated by extent, and Bleeding/Raveling and Drainage are 

only rated by severity. The definitions for Severity and Extent as defined by the CAMP-RS User 

Manual are shown in the table below. 

 

 

Severity: Extent: 

Low 

Present but not causing immediate problems 

Low 

Isolated to a few locations 

Moderate 

Needs attention before it becomes a problem 

Moderate 

Between 10 to 30 percent of the road is 
affected by the distress 

High 

Maintenance is needed immediately as the 
feature is a problem 

High 

More than 30 percent of the road segment is 
affected. 
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CAMP-RS Software: 

The Cornell Asset Management Program - Roads & Streets (CAMP-RS) Software that 

CLRP provides is designed to be an objective and efficient means of surveying and analyzing the 

condition of the roads. CAMP-RS is used to generate an accurate inventory of the roads within 

the municipality's jurisdiction and objectively survey the condition of these roads. 

Each entry in the inventory included road name, Road Identification Number (RIN), 

section information, dimensions, surface type, traffic, and municipality information. An 

example of the inventory data can be found in Appendix D. The DOT ID provided by the State 

for each road was used as the RIN. The State’s list contained duplicates in DOT ID’s where 

individual roads were split into several sections by intersections or significant changes in 

pavement condition. However, CAMP-RS requires unique RIN’s for each section. To satisfy this 

requirement, an algorithm was used to add a unique section number to each entry, separated 

from the DOT ID with a dash. 

After the inventory was compiled, the road sections were surveyed and a Pavement 

Condition Index (PCI) value was determined. The PCI values ranged from 0-100, and were 

determined based on the extent and severity of the various failures found over the length of 

the road. These factors and their numerical weight can be found in Appendix C, the Pavement 

Condition Survey.  

The software is capable of generating a priority value using the PCI value, AADT traffic 

data, and functionality class of the road. This priority is usually an inverse of the PCI value. The 

software can also suggest a repair type and cost based on the road condition. This can be 

combined with the total road maintenance budget to determine how much money should be 

allocated to each road. However, the only data collected for this report was the PCI value. The 

repairs and budget allocation were left to the discretion of the Highway Superintendents from 

each municipality. 

 

Potential Repairs: 

There are four basic steps leading to a repair plan: taking inventory of the road network, 

gathering road condition data, determining the appropriate repairs, and prioritizing repairs in 

order to make a repair schedule. 

The CAMP-RS program generates suggested repairs based on the data collected. These 

repairs are grouped by repair strategy and repair category. The repair category is determined 

by the extent and severity of road distress, and the repair strategy is the solution to the 
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distresses. A decision tree is used by the software to determine a repair strategy from a repair 

category. An example of a decision tree for Alligator cracking is shown below. 

Decision Tree; 

Alligator Cracking - Asphalt Pavement - Repair Categories 

Severity  Extent  

 Low Moderate High 

Low 41 44 44 

Moderate 43 43 45 

High 43 46 48 

 

The decision tree generates a two digit number that defines the surface type and the 

repair category. The first digit (4) refers to asphalt surface, and the second digit (1-8) refers to 

the repair category. These decision trees can be altered by the municipality to suit their needs.  

The six road surface repair categories are preventative maintenance, deferred action, 

routine maintenance, corrective maintenance, rehabilitation, and reconstruction. The following 

list defines each category, and its correlating number code. 

1. Preventative maintenance is action designed to stop deterioration before it becomes a 

larger problem that needs a different fix. Sealing cracks is an example of this. 

 

2. Routine maintenance is for roads in good condition. This is usually a cost effective 

option which includes local patching, or removal of bumps. Routine maintenance may 

prevent larger problems from occurring. 

 

3. Corrective maintenance is maintenance which corrects an existing defect. It is more 

limited than and not as cost effective as other maintenance. Examples include boxing 

out and patching, or installing subsurface drainage. Corrective maintenance differs from 

rehabilitation in that corrective maintenance is less extensive.  

4. Deferred action is for sections of road beyond the point of effective preventative 

maintenance, but not deteriorated to where they need rehabilitation. 
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5. Rehabilitation differs from reconstruction in whether base replacement or recycling is 

done, and usually includes overlays or extensive recycling.  

 

6. Reconstruction is the complete removal and replacement of failed pavement, and may 

involve other changes to the road such as drainage work or widening of the road. 

Reconstruction is more costly in nature. 

 

 Prioritizing repairs is necessary to create an effective road repair schedule. Routine 

maintenance is more cost effective than letting roads deteriorate to a point where 

reconstruction or rehabilitation is necessary. However, routine maintenance requires an 

accurate evaluation of the roads, and a long term plan for the road maintenance.  As shown in 

Figure 1 and 2 below, routine and preventative maintenance done in the early life of a road are 

much less expensive in the long run. However, if the road is allowed to deteriorate to a very 

poor pavement condition, the cost is amplified. 

 



12 

 

 

 

Results: 

Analysis 

 The total Pavement Condition Index data generated from CAMP-RS was collected and 

analyzed in hopes of drawing effective conclusions. The following charts display the frequency 

of PCI values across all of the surveyed roads in Dutchess County. The first chart shows the 

unweighted PCI Frequency. The second shows how many miles of road fall into each PCI Value. 

The results of this weighted frequency match the unweighted frequency very closely.  

In terms of the actual roads, this means the majority of roads in Dutchess County are 

kept in good to very good condition. By comparison, there are relatively few roads that are in 

poor or very poor condition, that are in need of reconstruction. While the road network could 

always be improved, this is the desired spectrum for road condition. 

 

Pavement Condition Index Data 
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 This data represents the condition of roads for the entire county, but data for each 

municipality was also desired. The unweighted and weighted averages for each municipality 

were calculated in hopes of providing an effective means of comparison. These averages were 

compared to the average of all roads surveyed. Appendix E provides a concise table comparing 

municipalities by PCI. Municipalities highlighted in red are below the average, and 

municipalities highlighted in green are above the average. The percent difference from the 

average is also displayed. Since only 50% of the county has been evaluated, this data is 

incomplete and may not be indicative of the actual average. Different municipalities have 

different populations and varying budgets, so this data should not be used to judge a 

municipality’s performance, only the relative condition of their roads. It’s also important to 

note that with the exception of the Village of Wappingers Falls and Town of North East, none of 

the municipalities differ significantly from the overall average. Appendix F contains a concise 

map comparing municipalities by PCI as well.  

 

 
 

 Overall the County roads that were surveyed are in relatively good condition, having an 

average PCI value of 84.5 and a weighted average PCI value of 80.8. This is above the average of 

total roads surveyed. The weighted PCI value of County roads does not have a distribution that 

is as ideal compared to the total surveyed roads by mile, but still the graphs show that the 

roads are in relatively good condition.  

 

Observations 

 While driving over 900 miles of roads, certain patterns and characteristics of road decay 

became apparent. Over time, longitudinal cracks become alligator cracks, and eventually pot 

holes. Many roads also had longitudinal cracking along the centerline and along the white line. 

The centerline cracking was most likely caused by the paving seam along the road. The edge 
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cracking along the white line may be due to presence of paint in between layers of asphalt. 

Corners at intersections often had edge cracking that wasn’t present at other locations along 

the road as well, even if the intersection had a large shoulder.  

 Any roads receiving industrial traffic, such as tractor trailers, dump trucks, or heavy 

equipment, were typically in the worse condition. This is due to the magnified damage that 

these vehicles cause to a road surface in comparison with that of smaller vehicles. 

 Smaller municipalities tend to have more difficulties maintaining their roads due to 

lower staff numbers and fluctuating budgets. If these towns are only focused on reconstructing 

failing roads, they do not have the time or money to implement preventative maintenance. This 

causes their roads to decay at a faster rate and cost more money in the long run. This vicious 

cycle can seriously impact the road infrastructure and ultimately cost taxpayers.  

 

 

Conclusion: 

 The Cornell Asset Management Program - Roads and Streets, was an effective tool for 

evaluating the roads in Dutchess County. The Cornell Local Roads Program successfully trained 

us in road evaluation and in the use of the CAMP-RS software. Dutchess County now has a 

CAMP-RS Road Inventory for all of the roads in the county, half of which have been surveyed.  

Overall, the conditions of the roads throughout Dutchess County were good.  The 

majority of PCI values were above 90. The mean unweighted PCI value was 82.8 and the mean 

weighted PCI value was 81.6. Surprisingly, there is little difference between road scores when 

PCI values are weighted by mileage versus unweighted. This is most likely due to the large 

number of data points and miles covered.  

 From here forward, it is important that the database be completed, and updated on a 2 

year cycle. After the first few cycles, the combined data could be used to determine road 

condition trends. These trends could be used to generate a comprehensive view of road 

deterioration over time, and the cost associated with it. 

As a whole, the CLRP internship program was successful in meeting its goals and 

provided us, as interns, with meaningful experience. 
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Appendices: 

Appendix A: 

Map of Dutchess County 
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Appendix B: 

 Progress map 
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Appendix C: 

Sample Pavement Condition Survey 
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Appendix D: 

Sample Inventory Sheet 

 



19 

 

Appendix E: 

Pavement Condition Index Municipality Comparison Chart 

Municipality Average PCI Weighted Average PCI Percent Difference 

All 82.8 81.6  

Dutchess County 84.5 80.8 0.6% 

Village of Wappingers Falls 74.3 72.9 -10.4% 

Village of Tivoli 79.1 81.2 -2.4% 

Village of Red Hook 83.8 83.4 1.8% 

Village of Millerton 81.4 81.8 -0.7% 

Village of Fishkill 83.2 82.2 0.6% 

Town of Wappinger 83.7 82.3 1.0% 

Town of Red Hook 82.8 83.2 1.0% 

Town of Poughkeepsie 80.1 80.0 -2.6% 

Town of Pleasant Valley 85.7 85.4 4.1% 

Town of Pine Plains 84.7 83.3 2.2% 

Town of North East 90.0 90.1 9.6% 

Town of Milan 78.9 78.7 -4.1% 

Town of Fishkill 80.4 78.2 -3.5% 

Town of Dover 83.0 79.1 -1.4% 

Town of Amenia 85.5 84.5 3.4% 

City of Poughkeepsie 84.3 83.9 2.3% 

City of Beacon 84.4 83.9 2.4% 
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Appendix F: 

Pavement Condition Index Municipality Comparison Map 

 

 


