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INTRODUCTION 



City of Lubbock 
street Department 

August 22, 2003 

Brief Summary of the 
Pavement Preservation Strategy 

And 
Assessment of Current Conditions 

The City of Lubbock has over 2600 lane-miles of paved streets with a 
replacement value of approximately $250,000,000. Street Department is 
charged with the responsibility of effectively preserving this extensive portion of 
the City's infrastructure. Although the overall pavement preservation strategy 
has many aspects, the following is a brief summary of the typical scenario. 

A. History: 

The City of Lubbock since 1984 has been a subscriber to the American Public 
Works Association (APWA) PAVER Project. This computerized street 
maintenance program, as well as an associated Microsoft Access database 
program, provides such information on each block of paved street as; 

1. Construction history 
a. Date of construction 
b. Type of construction 
c. Length 
d. Width 
e. Curb or not 
f. Sidewalk or not . 

2. Current condition, which includes 
a. Type of distresses 
b. Degree of distresses 

3. The distresses and type of construction are used by the program to 
calculate the 'Pavement Condition Index' (PCI), which provides a number from 1 
to 100 with 1 being a totally failed street and 100 being a new street 
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B. Current procedures: 

One-half of the city streets are inventoried for maintenance condition each year, 
then the annual 'State of the Streets' book is published and distributed. This 
annual book provides all data concerning the current condition of each block of 
paved street. 

The 'State of the Streets' book is also used for: 

1. Reference to the PCI as each annual seal coat program is planned 

2. A historical reference for evaluating various maintenance strategies 

3. Reference for other city departments 

Using the PAVER PCI along with visual inspection, the streets are selected for 
the two annual contract maintenance programs and the in-house seal coat 
program. After selection of the street list for each program, the maintenance 
strategy (rehab, strategy) is determined by the Street Superintendent and the 
Pavement Management Operations supervisor. This selection of maintenance 
strategy is made based on: 

1. The current condition of the street 

2. The historically best strategy to correct the current distresses 

3. The current funding available 

4. The use of the street (type of construction, traffic volume, category of 
street, such as thoroughfare, collector or residential) 

With many years of training and experience as a reference, the Street 
Superintendent and the pavement management operations supervisor select the 
most appropriate and cost-effective strategy for each street. The following 
maintenance strategies are typically used, but others are also available. 

1. Single course seal coat using grave! and emulsion 

2. Two course seal coat using gravel and emulsion 

3. Single course seal coat using crushed limestone and AC asphalt 

4. Two course seal coat using crushed limestone and AC asphalt 

5. Hotmix overlay 
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6. Surface milling 

7. Crack sealing 

8. Or often a combination of any of the above 

C. Comments: 

To provide additional insight into Street Department's overall maintenance 
strategy, the following comments are provided. 

1. The driving public's safety and the preservation of the street infrastructure 
are the main considerations in determining the type or degree of maintenance 
operations. Neighborhood ethnicity and income level are not considerations for 
this. 

2. The streets on the two annual maintenance contracts are selected based 
only on the degree of distress and need for timely preventive maintenance. 

3. For the in-house seal coat program, the area of streets in each council 
district is prorated based on the district's percentage of the overall city paved 
street area. 

4. The current street maintenance funding level is inadequate to satisfy 
future maintenance needs; the current 2003 seal coat funding should be 
$1,700,000 for the two annual contracts and $450,000 for the in-house efforts; 
future needs will require increases for material cost inflation and expansion of the 
patching and milling operations. 

5. Currently, it is projected that thoroughfares will need seal coating every 6 
years, collectors every 8 years and residential streets every 10 years. 

6. On a nation-wide basis, streets are designed to have a projected useful 
life of 20 years; the City of Lubbock streets have a current average life of 32 
years, with some being over 75 years. 

7. Even with a street system of this age, Street Department's maintenance 
strategy has resulted in an overall system PCI of 88, which according to PAVER 
is in the 'very good' range. 

8. Delaying timely maintenance for only a short period of time can result in 
repairs costing up to four times what the preventive operation would have cost, or 
possibly require the total reconstruction of the street at an unacceptable cost. 
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9. Timely seal coat is considered by street maintenance professionals 
nation-wide to be the most cost-effective preventive maintenance operation for 
asphalt streets. 

10. The state legislature in the 2003 session provided a means to insure an 
adequate annual funding source for street maintenance; local municipalities may 
vote on a 1/8 or 1/4 percent sales tax that must be devoted only to street 
maintenance; any 'general fund' savings that result could be redirected to such 
efforts as economic development. 

Conclusion: 

Maintaining the quality of street infrastructure that the citizens of Lubbock have 
grown to expect will require adequate and timely operations. With the City of 
Lubbock's capabilities to assess street conditions, to select the most cost-
effective methods and materials, and to provide adequate future funding, this 
$250,000,000 infrastructure investment can be maintained in a condition that 
promotes citizen pride and enhances future economic development. 
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PAVEMENT PRESERVATION OVERVIEW 



What is Pavement Preservation? 

Pavement Preservation is "Preventive Maintenance" versus "Corrective 
Maintenance (Repair as needed)". Just as it is cheaper to do routine oil changes 
on a car than it is to let it go and then repair or replace the motor in the car the 
same is true with pavements. Routine preventive maintenance can extend the 
life of a pavement and reduce the Life Cycle Costing of the pavement. 
AASHTO's Lead States Team summed it up in the statement, "Applying the right 
treatment to the right pavement at the right time." Preventive maintenance is 
proactive and will arrest light deterioration, retard progressive failures and reduce 
need for corrective maintenance. Corrective Maintenance is reactive and 
happens after a deficiency occurs requiring a more expensive repair. 

Applying the right treatment at the right time presents two problems. What is the 
right treatment? The treatments are listed in the section of this book titled 
Maintenance Strategies Practices. When is the right time? The right time is just 
before the pavement reaches the need of repair. However, people are not 
clairvoyant and Pavement Management Operations personnel cannot just know 
this point in time. Therefore, we use the Pavement Management System. The 
City Of Lubbock has been a subscriber to the American Public Works 
Association (APWA) Paver Project since 1984. As such, we have the 
MicroPAVER Program, which will be referred to throughout this book as PAVER. 
This computer program utilizes the data gathered in maintenance condition 
inventories (inspections) to calculate the Pavement Condition Index (PCI). One 
half of the City of Lubbock Streets is inspected each year. The Pavement 
Condition Index, the historical data of the street, traffic volume are kept in 
PAVER and related databases by the Streets Department Pavement 
Management Operations. This information along with a 'windshield survey' 
(visual inspection) by the Street Superintendent and the Pavement Management 
Operations Supervisor are used to select which streets and which maintenance 
strategy will be a part of the contract maintenance programs and the in-house 
seal-coat program, each year. 

Goals: 

In order to have a successful Pavement Preservation Program we must set 
goals for the program to achieve. Street Department Goals of the Pavement 
Preservation Strategy are: 

1. Higher Customer Satisfaction - Our citizens and visitors to or city, expect 
and deserve to have well maintained roads that enhance their safety and 
mobility. The average driver in the nation spent $222.00 annually in extra 
vehicle operating costs to drive on roads that are in poor, mediocre or fair 
condition. This is according to an April 2001 report from TRIP (The Road 
Information Program) in Washington DC. In a 2003 report, TRIP reports 
that Oklahoma's roadways cost their drivers an Annual cost of $1053 in 
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extra operating expenses, $505 in accidents, $250 in wasted time and 
$298 in extra fuel costs. We want to keep our streets in a condition that 
minimizes this type of additional cost to the motorist in our city. 

2. Increased Safety - For the traveling public and for the City Of Lubbock 
safety is priority number one. The treatments we use should provide a 
better suri'ace, fewer defects such as ruts, raveling and potholes and 
result in a direct positive influence on suri'ace friction (both wet and dry), 
surface water spray and road noise. In addition, we should strive to have 
fewer and less disruptive repairs. 

3. Better Informed Decisions - The Paver Program and related Microsoft 
Access databases give us more availability and accessibility to information 
on past performance history and current PCI to enable better decisions. 

4. Improved Pavement Condition -Methods selected will extend the 
performance cycle of individual pavements and the entire City of Lubbock 
street system. Our goal is to maintain all streets in such a way as to keep 
the overall average PCI of the system in the range of 85 to 90 and to not 
let any individual street reach a PCI of below 70. ("It's called keeping your 
streets paved so you don't have to drive on dirt," a flagger told a 
concerned driver during seal-coat operations.) 

5. Improved Strategies and Techniques - Pavement Management 
Operations will work at keeping up to date on new methods and materials, 
or combinations of the two that may increase performance. 

6. Cost Savings - Street department and Pavement Management 
Operations will work on using the best utilization of the budget dollars to 
accomplish the most that can be done in a satisfactory manner. The miles 
of streets to maintain is growing at a fast rate while the budget to maintain 
them has been reduced in recent years. In most studies, it is reported that 
for each $1.00 spent on preventive maintenance, it would cost $4.00 to 
$5.00 for rehabilitation or reconstruction of that same pavement. In one 
Federal Highway Administration (FHWA) report, a Michigan study is 
quoted that it would cost $14.00 for rehab work vs. the $1.00 cost of early 
maintenance. As can be seen in Exhibit 1, from the Nov 1983 APWA 
Reporter Article on PAVER, the higher rehab cost occurs in a relative 
short time from when the maintenance dollars should have been spent. 
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NEEDS: 

In order to reach and maintain these goals the following items are needed on an 
ongoing basis: 

1. Adequate/Dedicated funds - We must have a stable flow of funds to 
enable the Street Department to apply the necessary techniques in a 
timely manner. Preventive maintenance that is put off because of lack 
of funds leads to more costly repairs in the future. 

2. Top Management and Council Support - This program requires 
commitment and support at the highest levels in order to continue 
successfully. 

3. Data Collection and Management—Objective, accurate, repeatable 
measurements are critical to the success of pavement preventive 
maintenance programs. 

4. Crew Acceptance - The people performing and monitoring the work 
must believe in the PMO system and the procedures they are using. 

5. Training - We must have Inspectors trained to do bi-annual 
inspections and to oversee work done by contractor's crews, Managers 
trained on how to best use the information from the database and 
Crews trained to.do the preservation procedures correctly. 

6. Proper project selection - based on performance and life cycle costs. 
Current PCI, traffic volume, truck volume, and drainage capabilities are 
some of the primary things to consider in selection of each year's 
projects. 
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7. Publicity - The public must be informed of the benefits of pavement 
preservation over fix it after it has broken practices. We also need an 
ongoing education of the public covering the procedures we are using 
and the traffic control methods required during the maintenance 
operations. 

8. Program Monitoring - We must continually review the results of 
projects and review the effectiveness of the program. 

Summary: 

Pavement Management Operations utilizes the Paver program to assist in the 
selection of the streets that will be included in the annual maintenance contracts 
and in the annual in-house seal coat program, using the preservation methods 
covered in the Maintenance Strategies and Practices section of this book to 
obtain the above stated goals. (PAVER is discussed in detail in its own section of 
this book.) 

The PAVER program is overseen by our own inspector, who is a member of 
Pavement Management Operations (PMO). He does the bi-annual condition 
inventory survey of the streets. He, also, oversees and verifies the data entry of 
his inspections and the publication of the Annual State of the Streets Report. We 
maintain consistency in our inspections by having this trained inspector do the 
inspections. Many cities utilize outside sources, engineering firms or other 
specialist on a contract bases to do the inspections but must then verify the 
reliability and consistency of the inspections final report. 

Some of the key indicators that we have to show the level of success we have 
had are: 

1. The PCI from the inspections. We are maintaining the streets such 
that the over-all PCI is in our desired range. However, the over-all PCI 
has been slipping down over the past few years due to cuts in the 
budget for the maintenance contracts and increasing cost of the bid 
items. 

2. The number of pothole repairs had decreased significantly since the 
start of this program. However, budget cuts in recent years has forced 
a decrease in the number of streets being seal-coated in each year's 
program and a steady increase in the number of potholes has been the 
result. Adequate funding is a necessity to regain and maintain the 
improvements that were made prior to these budget cuts. We have 
new streets being built every year, which, also, adds to the strain of an 
already inadequate budget. Note: Charts and reports for Pothole 

PAVEMENT PRESERVATION OVERVIEW 
Pavement Preservation Strategy 
Page 4 of 5 



Repairs and other Street Department operations are published 
annually in the Street Department's State of the Streets report. 

Conclusion: 

We have made improvements in years past. These improvements have shown 
the benefits of Pavement Preservation, "Applying the right treatment to the right 
pavement at the right time". All Street Department personnel are dedicated to 
fully utilizing the PAVER program and our preservation methods to maintain the 
streets of Lubbock at the highest possible condition we can with the funds 
available to us and with open minds towards new methods developed through 
new technology in the paving industry. 
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MAINTENANCE STRATEGIES AND PRACTICES 



STREET DEPARTMENT 
IVIAINTENANCE STRATEGIES 

& PRACTICES 

Preservation Methods for Asphalt Pavements 

Crack Seal 
Single-Course Seal Coat 
Two-Course Seal Coat 

Rehabilitation Methods for Asphalt Pavements 

Hot Mix Overlay 

Reconstruction Methods for Asphalt Pavements 

Remove Existing Surface and Place a New One. 
Existing Surface Incorporated into base and Place New Surface 
New Base and Surface 

Preparation Procedures 

De-vegetation and Cleaning 
Patching -

Black Base Patching 
Cement Stabilized Base 
Hot Mix Only 

Milling 
Widen with Black Base. 

Preservation Methods for Concrete Pavements 

Crack Sealing 
Remove Existing and Replace with New Concrete 
Grout Pumping 

Repair and Preservation Methods for Brick Pavements 

Remove and Replace 
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Preservation Methods for Asphalt Pavements 

In the following descriptions of preservation methods, the term asphalt refers to either, a 
type of asphalt or a type of emulsion. 

Crack Sealing 

This method consists of cleaning and sealing of large cracks to retard the access of water 
to the base and sub-grade of a pavement. The materials and equipment used for this 
method vary with the quantity and size of the cracks being filled. This is often done in 
preparation for a seal coat operation or to maintain the pavement until future seal coat 
operations will be done. 

Single Course Seal Coat 

Single course seal coat is normally used on streets that are 5 to 7 years old. It is the most 
economical of the seal coat methods we have. This method consists of an application of 
asphalt, applied with an asphalt distributor, covered with a layer of small aggregate, applied 
with a chip spreader. The rock is then rolled into the asphalt with a pneumatic roller 
followed with a steel wheel roller. This method provides a new surface on pavements that 
are beginning to show signs of surface deterioration due to oxidation. This method seals 
small cracks that are often showing up in pavements of this age. It prolongs the life of the 
pavement and delays the need for a two-course seal coat. Materials and rates have varied 
over the past due to such things as type of street (i.e. thoroughfares, collectors, or 
residential), budget limitations, and condition of pavement being taken into consideration. 
Detailed Specifications for each year can be found in the Bid and Contract Documents for 
the Street Maintenance Contracts. 

Note: This method may be used as preparation for an overlay. 

Brief History 
Prior to 1999, the Single Course Seal Coat consisted of AC-5 with latex and pre-
coated Grade 4 rock. 

Since 1999, the Single Course Seal Coat consisted of CRS-2P emulsion and Grade 
5 rock (not pre-coated). Pavement Management Operations Inspectors overseeing 
the work on these contracts determined the rates on each of these materials. The 
average rate of CRS-2P is 0.30 gallons per square yard of pavement. The average 
rate of the rock is 1 cubic yard of rock per 120 square yards of pavement. 

A more detailed history may be found in each Contract's Summary that is produced 
at the end of each contract by PMO. 

Two-Course Seal Coat 

Two-course seal coat is used on streets that vary in age which are chosen based on the 
Pavement Condition Index (PCI) and amount of traffic. Normally, more severe cracking is 
evident, as well as raveling and some potholes. Proper patching and cleaning must be 
done ahead of this operation. This method consists of two courses. The first course 
consists of an application of asphalt, applied with an asphalt distributor, covered with a 
medium-to-large grade of aggregate applied with a chip spreader. The first course rock is 
rolled into the asphalt with a pneumatic roller. This first course is followed by a second 
course of the same type asphalt, which is covered with a smaller grade of aggregate. The 
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second course rock is rolled into place with a pneumatic roller followed by a steel wheel 
roller. 

Brief History 

In past years the two course done on thoroughfares has been AC-5 asphalt w/ 3% 
latex with the first course rock being pre-coated Grade 2 and the second course rock 
being Pre-coated grade 4. The contract maintenance crews do the two-course on 
thoroughfares and collectors. The two-course on residential and collectors has been 
CRS-2P emulsion with Grade 3 on the first course and Grade 5 on the second. 
Residential two-course is done by both the contract maintenance crews and by In-
house crews. 

In 2003, all two-course seal coats consisted of CRS-2P with Grade 4 on the first 
course and Grade 5 on the second. This change was due to budget restraints and 
the availability of materials. The Grade 4 and Grade 5 combination make a very 
good-looking finished street and is being watched serviceability. We expect this to 
work well because these two grades interlock well with each other. The average 
rates for the 2003 contract and in-house two course seal coats were 0.28 gallons of 
CRS-2P per square yard for the first course and 0.30 gallons per square yard for the 
second course. These rates had to be cut back to 0.25 gallons per square yard for 
the first course and 0.28 gallons per square yard for the second course on streets 
that had previous seal-coats of AC-5 w/ latex to prevent excessive bleeding of the 
emulsion. The first course of grade 4 aggregate was applied at an average rate of 1 
cubic yard to 115 square yards. The Grade 5 aggregate was applied at an average 
rate of 1 cubic yard to 140 square yards. These rates also varied some with the 
varying of the asphalt rates. 

A more detailed history may be found in each Contract's Summary that is produced 
at the end of each contract by PMO. 

Rehabilitation Methods for Asphalt Pavements 

Hot Mix Overlay 

Hot mix overlay consists of a new layer of Hot Mixed Asphalt Concrete (HMAC) or often 
referred to as just hot-mix, over existing pavement. The HMAC is mixed by an approved 
plant and delivered to the street in approved trucks. The mix is placed in a designed 
thickness by a lay-down machine and compacted to the specified density by an approved 
rolling pattern of steel wheel and pneumatic rollers. The designed thickness is based on 
the condition of the existing pavement and existing and/or predicted traffic load. This 
method is done after appropriate preparations are done to the existing pavement. 

Variations of this method are: 

Construct the overlay after a two-course seal coat is applied. 

Level up course of HMAC, Install pavement reinforcing fabric, and then construct the 
overlay. 
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Reconstruction Methods for Asphalt Pavements 

Note: These are the most costly of repairs to an asphalt pavement and are done only when 
the preservation treatments have failed to maintain the street at a proper functional level or 
ifthe preservation treatments or rehab treatments have not been done at the proper time. 
These projects will normally be done by the Streets and Drainage Engineering Department 
and not by Street Department and Pavement Management Operations. Our goal in the 
Street Department and in particular. Pavement Management Operations is that the 
reconstruction methods are not needed until the pavement has reached a very old age. 
Note: The expected life of an asphalt pavement is 33 years with proper maintenance. 
Many of our asphalt streets have exceeded this with the above preservations methods 
being used. Ref. State of the Streets Book. 

Remove Existing and Place a New One 

Remove existing pavement by milling, scarifying or other means. All salvaged materials will 
be delivered to and stored on street department property for future use. Rework and shape 
existing base material to meet City of Lubbock Specifications for pavement base. 
Construct new surface layer of HMAC as per City of Lubbock Specifications and as 
designed by City Engineers. 

Surface Incorporated into Base and New Surface 

Pulverize the existing and then mix it into the existing base material. Rework and shape 
the base material to meet City of Lubbock Specifications. Construct new HMAC surface 
layer as per City of Lubbock Specifications and as designed by City Engineers. 

New Base and Surface 

Remove existing surface and base material. All salvage materials will be stored at street 
department property for future use. Sub-grade will be reworked and reshaped to meet City 
of Lubbock Specifications. New base and new surface will be constructed according to City 
Specifications and as designed by City Engineers. 

Preparation Procedures 

Note: These are methods for preparing existing pavements for the preservation and 
rehabilitation procedures described above. 

De-Vegetation and Cleaning 

All paving surfaces shall be cleared of weeds and grass prior to seal coat or overlay 
operations. Weeds and grass in the existing pavement will be treated with a herbicide in 
sufficient time ahead of seal coat or overlay operations to kill the vegetation. The remaining 
vegetation shall be removed from the pavement surface. Immediately prior to the seal coat 
or overlay the surface of the existing pavement will be swept with a power broom to remove 
all loose dirt and debris. 

Patching With Black Base 

Patching of potholes, base failures and other deficiencies in the existing pavement and 
base may be done with black base and 1.5 inch HMAC. The thickness of the black base, 
according to standard used bid items in our maintenance contracts is 3 inches of black 
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base, 6 inches of black base or 9 inches of black base. The thickness used is as directed 
by PMO Supervisor and based on type of street, traffic loads and condition of existing base 
and sub-grade. 

Patching With Cement Stabilized Base 

Patching of potholes, base failures and other deficiencies in the existing pavement and 
base may be done with cement stabilized base and 1.5 inch HMAC. The bid item for this 
specifies six inches of cement-stabilized base. The cement-stabilized base shall consist of 
two sacks cement per cubic yard. This is also often referred to as two-sack flowable fill. 
This optional method may be used as directed by the PMO Supervisor in lieu of using a 
black base patch. 

Patching With Hot Mix Only 

Patching with hot mix only is used in conjunction with milling operations to remove surface 
irregularities and level up such areas. This work also is done at the directions of the PMO 
Supervisor. 

Milling 

Milling is the removal of the existing surface by use of a milling machine, which grinds the 
surface down to a desired depth. This is done under the directions of the PMO Supervisor. 
Most milling machines used by local contractors are either 6 foot or 7 foot in width. The 
street department has a 2 foot wide milling machine which is operated by street department 
personnel where narrower areas of milling are need to be done. 

Note: All existing asphalt paving removed by the above patching methods are taken to a 
crusher and crushed. These materials and the materials obtained from milling operations 
are returned to City Of Lubbock stockpiles for use by street department in temporary 
patches and repairs to unpaved alleys and streets. Crushed materials and milled materials 
are kept in separate stockpiles and used accordingly. 

Widening With Black Base 

Strip paved streets that were originally county roads are often too narrow for the increased 
traffic load that they receive after being incorporated into the city limits. Placing 3 inches of 
black base and 1 Vi inch HMAC along the sides is widening these streets out. The width 
added to each side is based on the original width and the traffic load of the street as well as 
limitations of funds. When possible this is being done just prior to seal coat operations on 
the street or the year prior to the scheduled seal coat operations on the street. The main 
concern for doing this is for the safety of the driving public. 
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Preservation Methods for Concrete Pavements 

Crack Sealing 

This method consists of cleaning and sealing of large cracks to retard the access of water 
to the base and sub-grade of a pavement. The materials and equipment used for this 
method vary with the quantity and size of the cracks being filled. 

Remove Existing and Replace with New Poured-in-Place Concrete 

Remove existing pavement by saw cutting at perimeter of damage area and jack 
hammering out damaged concrete. Inspect and repair sub-grade as necessary. Clean or 
replace existing reinforcing steel as determined by supervisor/engineer. Place and finish 
new concrete. Mix design to be determined by supervisor/engineer. 

Sub-grade repairs will be made by removing and replacing soft areas in the sub-grade. 
Replace the removed sub-grade with either compacted fill materials or cement-stabilized 
base. Small shallow areas may be filled with concrete of the same mix design as used in 
the repair of the concrete pavement. 

Grout Pumping 

Areas of faulting or depressions may be caused by erosion causing voids under the 
concrete slab. Coring holes in strategic locations and then pumping cement grout under the 
slab may sometimes correct this. Extreme caution is used not to over pump and cause the 
slab to rise above surrounding slabs. 
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Repair and Preservation Methods for Brick Pavements 

Remove and Replace 

Remove brick from distress area. Workers shall salvage and stockpile usable bricks. 

Inspect and repair concrete substrate as needed. If necessary, remove damaged areas of 
concrete substrate then inspect and repair sub-grade as needed. Sub-grade repairs will be 
made by removal and replacement of soft areas. Replace the removed sub-grade with 
either compacted fill materials or cement-stabilized base. Small shallow areas may be filled 
with concrete of the same mix design as used in the repair of the concrete substrate. 

Salvaged and new bricks will be laid in a two inch sand bed on the concrete substrate. After 
the bricks are placed and tamped or rolled into place, mason sand will be used to fill the 
joints between the bricks. (New bricks may actually be previously salvaged bricks from 
other projects or obtained from other sources. The City Of Lubbock has been obtaining 
bricks that are salvaged from brick pavements that neighboring cities have removed. This 
has allowed the city to have a brick supply of bricks that closely match the original brick 
streets of Lubbock.) 
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TEST SECTIONS OF STREETS 



STREET DEPARTMENT TEST SECTIONS 

Test Sections -One or two are made every year to test methods that might yield more "bang 
for the buck." 

1. West 34th Street from Milwaukee Avenue to Upland Avenue 

2. The alley between Indiana Avenue and Joliet Avenue and between 46"^ Street & 47"^ Street 

3. The alley between Indiana Avenue and Joliet Avenue and between 47*̂ ^ Street & 48̂ *̂  Street 

4. 23rd Street from Kewanee Avenue to LaSalle Avenue 

5. 66"" Street from 1-27 to Slaton Highway 

6A. Indiana Avenue from 92"'' Street to 94''' Street 

6B. Indiana Avenue between Grinnell Street and Fordham Street 

7. Indiana Avenue from 90"" Street to 92"'' Street 

8. 82"'' Street from Ithaca Avenue to Knoxville Drive 

9. East Erskine Street from Idalou Highway to Fiddlewood Avenue 

10. Guava Avenue from East 37*'' Street to East 50*'' Street 

11A. East Kent Street from North Martin Luther King, Jr. Blvd to FM 2641 

11B. Guava Avenue from just South of East Kent Street to FM 2641 

12. 82"'' Street from Frankford Avenue to City Limit West of Milwaukee Avenue, (No longer 
exists. This section of 82"'' was constructed into a 7 lane road by Williams & Peters in a 
1999 TxDOT Contract) 

street Department Test Sections 
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13. Ursuline Street from North.Quaker Avenue to Clovis Road Access Road 

14. 70*" Street from Slide Road to Albany Avenue 

15. Indiana Drive from Indiana Avenue to 82nd Street 

16. 40*" Street from Avenue A to Avenue B 

17. Erskine Street from 1-27 to North Ash Avenue 

18. Ash Avenue from 76*" Street to 80'''" Street 

street Department Test Sections 
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STREET DEPARTMENT 

CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

Test Section NO. 1 

SECTION LOCATION: W 34th Street from Milwaukee to Upland Avenue 

DATE OF WORK: Summer of 1997 

DESCRIPTION: 
In-house crews milled 2' from each edge of a narrow, old, strip paved county road and widened it with 

6 inches of HMAC in the milled areas. In-house placed a two course seal coat of CRS-2P emulsion, 
Grade 3 and Grade 4 rock. Contractor.then placed a two course seal coat of AC-5 w/ 3% latex. 
precoated Grade 2 and precoated Grade 4 rock. 

TEST OBJECTIVES: 
Find an economical way of widening and improving county paved roads that are being Incorporated 
into the city. These county roads as they become city streets are seeing an increase in traffic, 
creating a safety need to widen them. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification: 1034S 32 
Current PAVER PCI = 90 

street Department Test Sections 
Pavement Preservation Strategies 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

mmsm '\r gJgBW J ^ S T SECTION NO. 2 
STREET DEPARTMENT 

SECTION LOCATION: Alley from Indiana Avenue to Joliet Avenue, between 46th Street & 47th Street. 

DATE OF WORK: August of 1995 

DESCRIPTION: 
360 foot test section of alley. 
180 feet of 6" thick placement of 3-sack cement stabilized caliche with 1 1/2" hot mix. 
180 feet of 3" thick placement of asphalt stabilized base with 1 1/2" hot mix. 

TEST OBJECTIVES: 
Testing alternatives to concrete alley paving. This was done in conjunction with the need of temporary 
alley paving during the construction of Indiana Avenue widening project. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/03 

PAVER Identification 
Current PAVER PCI = 

Alley paving is not rated with a PCI at this time but this would be in the range of 85 to 90. 

street Department Test Sections 
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STREET DEPARTMENT 

CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 3 

SECTION LOCATION: Alley from Indiana Avenue to Joliet Avenue, between 47th Street & 48th Street. 

DATE OF WORK: August of 1995 

DESCRIPTION: 
360 foot test section of alley. 
180 feet of 6" thick placement of asphalt stabilized base with 1 1/2" hot mix. 
180 feet of 9" thick placement of asphalt stabilized base with 1 1/2" hot mix. 

TEST OBJECTIVES: 
Testing alternatives to concrete alley paving. This was done in conjunction with the need of temporary 

alley paving during the construction of Indiana Avenue widening project. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 
Current PAVER PCI = 

Alley paving is not rated with a PCI at this time but this would be in the range of 85 to 90. 
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CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO 4 STREET DEPARTMENT 

SECTION LOCATION: 23rd Street from Kewanee Avenue to LaSalle Avenue 

DATE OF WORK: August of 1996 

DESCRIPTION: 
HMAC millings mixed with SS-1 emulsion placed in a compacted 6" layer. Contract Crews 
then placed a 2-course thoroughfare seal coat on it. 

TEST OBJECTIVES: 
Find an economical way to pave an unpaved street. 23rd Street was an unpaved street in far west 
Lubbock that had received a lot of complaints. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

1023S 26 
90 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

TEST SECTION NO. 5 
STREET DEPARTMENT 

SECTION LOCATION: 66th Street from 1-27 to Slaton Highway 

DATE OF WORK: Summer of 1995 

DESCRIPTION: 
In-house crews prepared base and applied two course seal coat consisting of CRS-2P emulsion, 
Grade 3 rock and Grade 5 Rock. 
Contractor's crews applied two course seal coat consisting of AC-5 w/ 3% latex, precoated 
Grade 2 rock and precoated Grade 4 Rock. 

TEST OBJECTIVES: 
66th Street was an unpaved street that has a lot of traffic from 1-27. It was chosen as a test section 
to test an economical temporary paving system. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 4E66S 02 
Current PAVER PCI = 80 

street Department Test Sections 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

TEST SECTION NO. 6A 
STREET DEPARTMENT 

SECTION LOCATION: Indiana Avenue from 92nd to 94th 

DATE OF WORK: Summer of 1996 

DESCRIPTION: 
Milled one foot on each side of large transverse and longitudinal cracks in pavement. Placed 11/2 inch of 

HMAC in milled area. 

TEST OBJECTIVES: 
These two sections of Indiana Avenue have large shrinkage cracks believed to be caused by the 
use of the old style black base consisting of caliche with 7%-8% asphalt. Testing for a procedure to 
patch these cracks that will successfully retard their growth and provide a satisfactory ride at 
an economical price. 

ADDITIONAL WORK DONE; DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 1INDI 14 
Current PAVER PCI = 87^ 

This is a part of the same street section, in PAVER as Test Section No. 7 

The PCI will probably drop with the next inspection because the cracks are coming through. JFS 

street Department Test Sections 
Pavement Preservation Strategies 
Page 8 of 22 



CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

TEST SECTION NO. 6B 
STREET DEPARTMENT 

SECTION LOCATION: Indiana Avenue from Grinnell Street to Fordham Street 

DATE OF WORK: Summer of 1996 

DESCRIPTION: 
Milled one foot on each side of large transverse and longitudinal cracks in pavement. Placed 1 1/2 inch of 

HMAC in milled area. 

TEST OBJECTIVES: 
These two sections of Indiana Avenue have large shrinkage cracks believed to be caused by the use of 
the old style black base consisting of caliche with 7%-8% asphalt. Testing for a procedure to patch 
these cracks that will successfully retard their growth and provide a satisfactory ride at and economical price 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 2NIND 02 
Current PAVER PCI = 82 

The PCI will probably drop with the next inspection because the cracks are coming through. JFS 
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CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 7 STREET DEPARTMENT 

SECTION LOCATION: Indiana Avenue from 90th to 92nd 

DATE OF WORK: Summer of 1996 

DESCRIPTION: 
Placed a slurry seal in large trnsverse and longitudinal cracks. 

TEST OBJECTIVES: 
This section of Indiana Avenue has large shrinkage cracks believed to be caused by the use of 
the old style black base consisting of caliche with 7%-8% asphalt. Testing for a procedure to 
patch these cracks that will successfully retard their growth and provide a satisfactory ride at 
an economical price. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

1INDI 14 

87 

This is a part of the same street section in PAVER as Test Section No. 6A. 

The PCI will probably drop with the next inspection because the cracks are coming through. JFS 
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CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 8 STREET DEPARTMENT 

SECTION LOCATION: 82nd Street from Ithaca Avenue to Knoxville Drive 

DATE OF WORK: Summer of 1996 

DESCRIPTION: 
Placed a two-course seal coat on the center 3 lanes. 

TEST OBJECTIVES: 
Find out if the seal coat would bridge over the large cracks in the black base that were reflecting through the 

surface. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

1082S 11 

87 

This PCI will probably drop with the next inspection. The process did not work as well as expected. JFS. 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

ajgggj \r i g g j w JEST SECTION NO. 9 
STREET DEPARTMENT 

SECTION LOCATION: East Erskine Street from Idalou Hiway to Fiddlewood Avenue 

DATE OF WORK: Summer of 1996 

DESCRIPTION: 
In-house crews prepared the base and applied a two course seal coat consisting of CRS-2P with Grade 4 
and Grade 5 rock. Contractor's crews applied a two course seal coat consisting of AC-5 w/ 3% latex, 

precoated Grade 2 and precoated Grade 4 Rock. (This was a joint project with the county. Idalou 
Highway to Wood Avenue mostly belongs to the county.) 

TEST OBJECTIVES: 
Increase in traffic volume created a need for an economical temporary paving on this unpaved street. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 3EERS 05 and 06 
Current PAVER PCI = 89 and 90 respectfully 
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CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 10 STREET DEPARTMENT 

SECTION LOCATION: Guava Avenue from East 37th Street to East 50th Street 

DATE OF WORK: 1991 and 1994 

DESCRIPTION: 
n-house crews prepared the base. 

Contactor's crews applied a two course seal coat consisting of AC-5 w/ 3% latex, precoated Grade 2 and 

precoated Grade 4 in 1991 and again 1994. 

TEST OBJECTIVES: 
Increase in traffic volume, 95% large heavy trucks, created a need for an economical temporary paving 
on this unpaved street. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 4GUAV 05 
Current PAVER PCI = 90 

DATE: 11/12/2003 

Expecting this to drop to PCI of 86 or 87 on next inspection. JFS 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

m.msmi \r msBmrn jEST SECTION NO. 11A 
STREET DEPARTMENT 

SECTION LOCATION: East Kent Street from MLK Blvd to FM 2641 

DATE OF WORK: Summer of 1994 

DESCRIPTION: 
In-house crews prepared the base and applied a two course seal coat consisting of CRS-2P with Grade 4 
and Grade 5 rock. 
Contractor's crew applied a two course seal coat consisting of AC-5 w/ 3% latex, precoated Grade 2 
and precoated Grade 4 rock. 

TEST OBJECTIVES: 
Increase in traffic volume created a need for an economical temporary paving on this unpaved street. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 3EKEN 02, 03 and 04 

Current PAVER PCI = 92, 89 and 85 respectfully 
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STREET DEPARTMENT 

CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 11B 

SECTION LOCATION: Guava Avenue from South of E. Kent to FM 2641. 

DATE OF WORK: Summer of 1994 

DESCRIPTION: 
In-house crews prepared the base and applied a two course seal coat consisting of CRS-2P with Grade 4 
and Grade 5 rock. 
Contractor's crew applied a two course seal coat consisting of AC-5 w/ 3% latex, precoated Grade 2 
and precoated Grade 4 rock. 

TEST OBJECTIVES: 
Increase in traffic volume created a need for an economical temporary paving on this unpaved street. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

3NGUA 09 
85 
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STREET DEPARTMENT 

CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 12 

SECTION LOCATION: 82nd Street from Frankford Avenue to City Limit W of Milwaukee Avenue 

DATE OF WORK: Summer of 93 

DESCRIPTION: 
Widened 82nd Street 2 1/2 ft on each side with 7 1/2 inches of black base. 
Applied two course seal coat of AC-5 w/ 3% latex, precoated Grade 2 and precoated Grade 4 on 

full width of paving. 

TEST OBJECTIVES: 
Widening of an old county road. The 7 1/2 inches of base was used to saddle the street to try and keep the 

edges from sliding off into the ditches. 

ADDITIONAL WORK DONE: DATE: 1999 
This section of street was removed and a new wider street constructed by a TxDOT project in 1999. 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 
Current PAVER PCI = 

This is no longer a valid test section. The TxDOT replaced this with a wider street in a 1999 contract with 

Williams and Peters Construction, Inc. 
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CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 13 STREET DEPARTMENT 

SECTION LOCATION: Ursuline Street from Quaker Avenue to Clovis Road Access Road 

DATE OF WORK: Summer of 1992 

DESCRIPTION: 
Placed a two-course seal coat on a very badly deteriorated street, and the over-laid it with 2 1/2" HMAC. 

TEST OBJECTIVES: 
Comparison to "Petromat" type materials. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

2URSS 03 
78 

This section of street is in the single course street list for the 2004 Contract. JFS 
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STREET DEPARTMENT 

CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 14 

SECTION LOCATION: 70th Street from Slide Road to Albany Avenue 

DATE OF WORK: Summer of 1991 

DESCRIPTION: 
Placed a single-course seal coat consisting of grade 4, precoated Brownwood rock and AC-5 w/ 3% latex 
on a very badly deteriorated street, and then over-laid it with 2" - 2 1/4" HMAC. 

TEST OBJECTIVES: 
Comparison to "Petromat" type materials. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

1071S 07 
94 
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CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 15 STREET DEPARTMENT 

SECTION LOCATION: Indiana Drive from Indiana Avenue to 82nd Street 

DATE OF WORK: Summer of 1991 

DESCRIPTION: 
Placed a two course seal coat on a badly cracked street using extra heavy rates (0.45 gal/sy) of asphalt on 

both courses, applied at slightly higher temperature than normal. 

TEST OBJECTIVES: 
The street was badly "alligatored" and funds were not available to rebuild it, so this was tried 
to maintain it until a reconstruction can be afforded. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: 

PAVER Identification 
Current PAVER PCI = 

DATE: 11/12/2003 

1INDD 01 
89 
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STREET DEPARTMENT 

CITY OF LUBBOCK 

TEST SECTION EVAULATION FORM 

TEST SECTION NO. 16 

SECTION LOCATION: 40th Street from Avenue A to Avenue B 

DATE OF WORK: Summer of 1991 

DESCRIPTION: 
Placed a two course on a moderately deteriorated street using an uncoated Grade 2 for the 1st course 
and a precoated top rock. 

TEST OBJECTIVES: 
Trying to save the cost of pre-coating the bottom rock. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 1040S 01 

Current PAVER PCI = 90_ 

An immediate concern was problems with dusty rock. 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

TEST SECTION NO. M2L 
STREET DEPARTMENT 

SECTION LOCATION: Erskine Street from 1-27 to N. Ash Avenue. 

DATE OF WORK: April, 2000 

DESCRIPTION: 
Widened each side of street by 4' and overlaid the full width with 2" HMAC. The concrete bridge at the botton 
of the draw was included in the overlay. 

TEST OBJECTIVES: 
Find and economical method to increase the safety of the narrow streets that once were low traffic county 
roads. 

ADDITIONAL WORK DONE: DATE: Planned for 2004 
This section of street will have a single course of grade 5 rock and CRS-2P emulsion placed on it during 
the 2004 Seal Coat Progam. 

EVALUATION: DATE: 11/12/03 

PAVER Identification 2ERSS 01 
Current PAVER PCI = 90 
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CITY OF LUBBOCK 
TEST SECTION EVAULATION FORM 

i4i:Bggj \ r g M M JEST SECTION NO. _18_ 
STREET DEPARTMENT 

SECTION LOCATION: Ash Avenue from 76th Street to 80th Street 

DATE OF WORK: June-03 

DESCRIPTION: 
76th Street to 78th street is a 4 course seal coat on 6" caliche base. The 4 course consisted of a 

precoated grade 2, uncoated grades 3, 4 and 5. We used CRS-2P emulsion on all 4 courses. 
78th Street to 80th Street is a 3 course using uncoated grades 3, 4 and 5 with CRS-2P emulsion. 

TEST OBJECTIVES: 
Find a economical, temporary paving method to pave an unpaved city street. 

ADDITIONAL WORK DONE: DATE: 

EVALUATION: DATE: 11/12/2003 

PAVER Identification 4ASHA 08 
Current PAVER PCI = 95 
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Brief History of Micro PAVER from www.apa.net. 

The US Army Corps of Engineers developed Micro PAVER at their Construction Engineering Research 
Laboratory in Champaign, lUinois for road and airfield pavement maintenance management on military 
bases. In 1979, the American Public Works Association (APWA) through its Research Foundation 
initiated a technology transfer. Funding for this action was a $250,000 cooperative effort of 80 local 
agencies in the United States and Canada who took part in testing and evaluating the PAVER software. 
(The City Of Lubbock was one of these participating agencies.) Originally, a mainfirame time-sharing 
based system PAVER has been modified for use on microcomputers and re-titled: Micro PAVER. 

Micro PAVER is currently being used by over 600 cities, counties, airports and private consulting firms. 
Micro PAVER'S Pavement Condition Index (PCI) methodology recently received the American Society 
for Testing and Materials (ASTM) standard D6433-99. Receipt of this standard means that Micro 
PAVER is the only Pavement Management System to have received an ASTM standard designation. 
Standard D6433-99 is the only pavement rating methodology recognized for rating road and parking lot 
pavements. This standard, together with Micro PAVER's earlier receipt of ASTM Standard D5340-93 
for rating the condition of airfield pavements, makes Micro PAVER's PCI the standard for describing 
the condition of all pavement uses. 

In addition to being an ASTM standard Micro PAVER's approach to pavement maintenance 
management also provides full compliance with the Modified Approach to accounting for infrastructure 
in the Government Accounting Standards Board (GASB) Standard 34. 

Micro PAVER is also the pavement management system adopted by the Federal Aviation 
Administration, US Army, US Air Force, US Navy and Air National Guard. Feedback on performance 
and requests for enhancements firom these users forms the basis for an ongoing process of program 
modification. As these modifications are released for general distribution, they are provided to Users' 
Group members at no additional cost. User support and responding to requests for software 
modifications/enhancements is the most critical element in the long-term success of a PMS. Quite a few 
PMS software packages have come and gone in the last twenty years because their proponents were 
unable or unwilling to provide the support and responsiveness users required. One of the primary 
strengths of Micro PAVER lies in the long-term durability of Corps of Engineers and APWA 
involvement in supporting user software, information and training needs. 

City Of Lubbock's History of Using PAVER 

The City Of Lubbock has been a subscriber to the American Public Works Association (APWA) Paver 
Project since 1984. The City Of Lubbock Street Department has continually upgraded to the latest 
versions of PAVER and is currently using version 5.0. The Pavement Management Operations utilizes 
the PAVER program to inspect, and grade the streets of Lubbock. Each street is inspected for its current 
condition at least once every two years. The inspection is entered into the PAVER computer program. 
The program then calculates the Pavement Condition Index (PCI) for that street section. The streets are 
organized into branches, sections and test sample areas. The branch name is based on the name of the 
street or avenue. The section number is based on the location along the street and each section is broken 
down into 100-foot long sample units. This information is used by PAVER and a related MS Access 
database to record the status of the street. The current PCI of each section of street is used to help 
determine when the street is in need of preventive maintenance. 

Enclosed in this section are samples of reports from PAVER and our streets database and examples of 
inspections sheets. 

In the appendix of this book is a 1983 article from "APWA Reporter" about PAVER, which will give a 
better overview the program. 

http://www.apa.net


STKEET OE?AJtTMEXT 

CITY OF LUBBOCK 
STREET DEPARTMENT 

PAVEMENT MANAGEMENT OPERATIONS 

ALL STREETS CITY 

(Report I) 

Date: 11/18/2003 

BRNCH SEC STREET FROM/TO ZONE LENGTH WIDTH TOTAL SV 

lOOlP 01 

PCI — 80 

I.D. No 1 

lOOlP 02 

PCI — 85 

I.D. No 2 

lOOlP 03 

PCI — 85 

I.D. No 3 

lOOlP 04 

PCI—85 

I.D. No 4 

lOOlP 05 

PCI —85 

I.D. No 5 

1001P 06 

PCI—89 

I.D. No 6 

lOOlP 07 

PCI — 89 

I.D. No 7 

lOOIP 08 

PCI — 88 

I.D. No 8 

lOOlP 09 

P C I — 9 0 

I.D. No 9 

lOOlP 10 

PCI — 87 

I.D. No 10 

lOOlP II 

PCI — 8 7 

I.D. No II 

lOOIS 01 

PCI — 83 

I.D. No 12 

lOOIS 02 

PCI — 8 7 

I.D. No 5219 

lOOIS 03 

PCI — 79 

I.D. No 13 

I ST PLACE A79 710.00 32.00 2,618.88 

WER BUDDY HOLLY AVENUE 

ELLAVENUEJ SIDEWALK IN PLACE, FT 691.0 

ISTPLACE A20 2600.00 32.00 9,338.88 

WLL UNIVERSITY AVENUE 

ELL DETROIT AVENUE SIDEWALK IN PLACE. FT 5,097.0 

ISTPLACE A20 458.00 26.00 

WLL DETROIT AVENUE 

ELL ELGIN AVENUE SIDEWALK IN PLACE, FT --

1,417.55 

ISTPLACE 

ELL ELGIN AVENUE 

ELL INDIANA AVENUE SIDEWALK IN PLACE, FT 

ISTPLACE A22 644.00 

WLL UTICA AVENUE 

CDS W/UTICA AVENUE SIDEWALK IN PLACE, FT 

848.0 

A20 . 2139.00 26.00 6,204.33 

— 4.104.0 

32.00 2,579.22 

ISTPLACE 

WLL WHIPERWOOD BLVD 

310' W/WHSP BLVD SIDEWALK IN PLACE, FT 

1,300.0 

A22 402.00 32.00 1,622.32 

ISTPLACE 

NLL I ST PLACE CDS 

300'N/IST PLACE CDS SIDEWALK IN PLACE, FT 

771.0 

A22 323.00 32.00 1,395.11 

ISTPLACE JSl 

WLL BRENTWOOD AVENUE 

ELL CHICAGO AVENUE SIDEWALK IN PLACE, FT 

370.0 

595.00 32.00 2,254.44 

ISTPLACE JSI 

WLL CHICAGO AVENUE 

ELL ELKHART AVENUE SIDEWALK IN PLACE, FT 

719.0 

1416.00 32.00 5,173.67 

2,820.0 

799.00 32,00 2,979.78 ISTPLACE JSI 

WLL ELKHART AVENUE 

SL AUBURN DRIVE SIDEWALK IN PLACE, FT 1,600.0 

ISTPLACE JSI 586.00 42.00 

SL AUBURN DRIVE 

ELL FRANKFORD AVENUE SIDEWALK IN PLACE. FT 

2,734.67 

ISTSTREET 

ELLAVENUEJ 

WLLAVENUEK 

1ST STREET 

WLL AVENUE K 

ELL AVENUE P 

1ST STREET 

WLLAVENUEP 

AVE Q/HWY 84 

A79 456.00 

— 1,136.0 

36.00 1,849.00 

SIDEWALK IN PLACE, FT 0.0 

A79 1548.00 32.00 5,554.00 

SIDEWALK IN PLACE, FT 2,478.0 

AI9 276.00 28.00 883.67 

SIDEWALK IN PLACE, FT 0.0 

CFG RANK SRF CNL TRFCNT CONST DATE 

C AC I 545 10/13/1963 

SIDEWALK NEEDED, FT— 0.0 

C AC 1 545 9/28/1951 

SIDEWALK NEEDED, FT — 25.0 

C AC 1 545 9/27/1951 

SIDEWALK NEEDED, FT — 40.0 

C AC I 545 9/27/1951 

SIDEWALK NEEDED, FT— 90.0 

C AC 6 545 4/20/1964 

SIDEWALK NEEDED, FT — 0.0 

C AC 6 545 10/5/1968 

SIDEWALK NEEDED, FT— 50.0 

C AC 6 545 10/5/1968 

SIDEWALK NEEDED, FT— 0.0 

C AC 6 545 10/5/1968 

SIDEWALK NEEDED, FT— 0.0 

C AC 6 545 7/15/1971 

SIDEWALK NEEDED, FT— 0.0 

C AC 6 545 7/15/1976 

SIDEWALK NEEDED, FT— 0.0 

C AC 6 545 7/15/1976 

SIDEWALK NEEDED, FT— 0.0 

C AC 1 545 10/27/1960 

SIDEWALK NEEDED, FT— 0.0 

-0- C AC I 545 10/27/1960 

SIDEWALK NEEDED, FT— 0.0 

B AC 1 737 10/22/1955 

SIDEWALK NEEDED, FT— 0.0 

COMMENTS 

INHSE-98 

INHSE-98 

INHSE-98 

CNT-00 

CNTRCT-97 

97-CNTRCT 

CNTRCT-98 

CNTRCT-96 

CNTRCT-94 

Pagel of 409 



C I T Y OF T T T R R O r K S T R F F T DFPART'^ ' ^TTXTT 

PAVEMENT MANAGEMENT OPERATIONS 
P A V E R F I E L D I N P U T DATA FORM 

PER BRANCH AND SECTION 
(Report 32a) Date: 11/18/200 

ID#: 982 BRANCH # 

SAMPLE SECTION BEGINS: 

SECTION LENGTH/ V^TDTH: 

SECTION CATEGORY : 

PAVEMENT RANK : 

SURFACE TYPE : 

1050S NAME: 50TH STREET fN) 

ALLEY W/AVENUE N 

512.00 " x " 41.50 = 

A 

AC 

SECT.# 05 ZONE 

ENDS: WLL AVENUE P 

2.360.89TOTAL SQUARE YARDS 

CURRENT PCI: 87 

SAMPLE UMTS: 5 

AREA: 4150 

B8 

COMMENTS: 

CNTRCT-97 

SIDEWALK CURRENTLY IN PLACE, L.F. : 

SIDEWALK NEEDED, L.F. : 

LAST SEAL COAT DATE : 

ORIGINAL CONSTRUCTION DATE: 
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1997 

11/10/1960 
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C I T Y O F L U B B O C K S T R E E T D E P A R T M E N T 

PAVEMENT MANAGEMENT OPERATIONS 
P A V E R F I E L D I N P U T DATA FORM 

(Report 32b) 

Date: 

ID#: BRANCH* NAME: SECT. # ZONE: 

SAMPLE SECTION BEGINS: 

SECTION LENGTH/ WIDTH: 

FILLETS: COUNT RADIUS. 

CURRENT PCI: 

ENDS: 

AREA TOTAL SQ. YDS.=_ 

SAMPLE UNITS:. 
AREA: 

SECTION CATEGORY: 

PAVEMENT RANK: _ 

SURFACE TYPE: 

SIDEWALK IN PLACE, L.F.:. 

SIDEWALK NEEDED, L.F.: _ 

LAST SEAL COAT DATE :_ 

CONSTRUCTION DATE: 

COMMENTS / SKETCH: 
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STREET DEPARTMENT 

PAVEMENT MANAGEMENT OPERATIONS 
Street with Standard Cul-de-sac 

For Infomiation Contact: Steven Callahan Ph: 767-3275 

STREET 
FROM 

TO 

ENTER LENGTH OF STREET FROM BEGINMNG AT INTERSECTION THROUGH CUL-DE-SAC 
L = 

ENTER WIDTH OF STREET BEFORE REACHING CUL-DE-SAC. 

w=r 
ENTER DL^LMETER OF CUL-DE-SAC 

D = | I r = 0 
ENTER LENGTH OF CUL-DE-SAC FROM BEGINNING OF TRANSITION THROUGH CUL-DE-SAC 

1 = 
INTERSECTION FILLETS FOR THIS STREET 

COUNT= RADIUS= 

Area of street to cds trans. 

Area of Circular Sector in CDS: 

Triangle less 2 Exterior Sectors 

AREA1= 

AREA 2= 

AREA 3= 

AREA OF FILLETS 

TOTAL AREA IN SQ. FT. 

TOTAL AREA IN SQ. YD. 

0.00 

0.00 Curb & Gutter lengths 
at face of curk 

0.00 C&G size: | 
Straights 0 Ft 

0.00 Fillets: 0.0 Ft 
^CDS: 0.0 Ft 
Total C&G 

Ft 

0.00 0.0 Ft 

0.00 

Copyright® Feb 2003 



ASPHALT SURFACED ROADS AND PARKING LOTS 
CONDITION SURVEY DATA SHEET FOR ONE SAMPLE UNIT 

BRANCH SECTION 
SURVEYOR DATE 

|4 . Alligator (SF) 
•" Cracking a,jŝ t._ J .̂..;j«f̂  

6. Depression (SF) 

11. Patching and Util. (SF) 
^ ., ,-Cut Flatching .•.•.-.-,^._,. 

16. Shoving (SF) 

2. Bleeding (SF) 

7WEdlge'Cracking (LF) 

12. Polished (SF) 
Aggregate 

17. Slippage Cracking (SF) 

SAMPLE UNIT 
SAMPLE AREA 

3. Block Cracking (SF) 

8. Joint Reflection (LF) 
Cracking 

13. Potholes (GNT) 

18. Swell (SF) 

SKETCH 

4. Bumps and Sags (LF) 

9. Lane/Shoulder (LF) 
Drop Off 

14. Railroad Crossing (SF) 

19. Weathering and (SF) 
Raveling 

5. Corrugation (SF) 

10.yEohg:'aihdTi^hsl(L:Fy 
Cracking 

15. Rutting (SF) 

COMMENTS 



CONCRETE SURFACED ROADS AND PARKING LOTS 
CONDITION SURVEY DATA SHEET FOR ONE SAMPLE UNIT 

BRANCH SECTION 
SURVEYOR DATE 

DISTRESS TYPES 

21. Blow-up/Buckling 31. Polished Aggregate 
22. Corner Break 32. Popouts 
23. Divided Slab 33. Pumping 
24. Durability Cracking 34. Punchout 
25. Faulting 35. Railroad Crossing 
26. Joint Seal 36. Scaling 
27. Lane/Shoulder 37. Shrinkage Cracking 
28. Linear Cracking 38. Spalling, Corner 
29. Patching (Large) 39. Spalling, Joint 
30. Patching (Small) 

DIST. TYPE 

26 

SEVERITY NO. SLABS 

SAMPLE UNIT 
NO. OF SLABS 

SKETCH 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

1 2 3 4 
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UNSURFACED ROADS 
CONDITION SURVEY DATA SHEET FOR ONE SAMPLE UNIT 

BRANCH SECTION 
SURVEYOR DATE 

1. Improper (LF) 
Cross Section 

6. Ruts (SF) 

2. Inadequate (LF) 
Roadside Drainage 

7. Loose (LF) 
Aggregate 

SAMPLE UNIT 
SAMPLE AREA 

3. Corrugations (SF) 

COMMENTS 

SKETCH 

4. Dust 5. Potholes (GNT) 



PAVEMENT DISTRESSES 



DISTRESS DEFINITIONS AND MEASURING 
METHODS 

PAVER - ASPHALT DISTRESSES 

PAVER - CONCRETE DISTRESSES 

BRICK DISTRESSES 

Distresses 
Pavement Management Strategies 
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PAVER - ASPHALT DISTRESSES 

Alligator Cracking 
Bleeding 
Block Cracking 
Bumps and Sags 
Corrugation 
Depression 
Edge Cracking 
Joint Reflection Cracking (from longitudinal & transverse PCC slabs) 
Lane/Shoulder Drop-Off 
Longitudinal and Transverse Cracking (None-PCC slab joint reflective) 
Patching and Utility Cut Patching 
Polished Aggregate 
Potholes 
Railroad Crossing 
Rutting 
Shoving 
Slippage Cracking 
Swell 
Weathering and Raveling 

Distresses 
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ALLIGATOR CRACKING 

Description: Alligator or fatigue cracking is a series of interconnecting cracks 
caused by fatigue failure of the asphalt concrete surface under 
repeated traffic loading. Cracking begins at the bottom of the 
asphalt surface (or stabilized base) where tensile stress and strain 
are highest under a wheel load. The cracks propagate to the 
surface initially as a series of parallel longitudinal cracks. After 
repeated traffic loading, the cracks connect, forming many-sided, 
sharp-angled pieces that develop a pattern resembling chicken wire 
or the skin of an alligator. The pieces are generally less than 2 ft 
(.6m) on the longest side. 

Alligator cracking occurs only in areas subjected to repeated traffic 
loading, such as wheel paths. Therefore, it would not occur over an 
entire area unless the entire area was subjected to traffic loading. 
(Pattern-type cracking occurs over an entire area that is not 
subjected to loading is called block cracking, which is not a load-
associated distress.) 

Severity 
Levels: L - Fine, longitudinal hairline cracks running parallel to each other 
(Figure 1) with none or only a few interconnecting cracks. The cracks are not 

spalled.* 

M - Further development of light alligator cracks into a pattern or 
network of cracks that may be lightly spalled. 

H - Network or pattern cracking has progressed so that the pieces 
are well defined and spalled at the edges. Some of the pieces may 
rock under traffic. 

How to 
Measure: Alligator cracking is measured in square feet of surface area. The 

major difficulty in measuring this type of distress is that two or three 
levels of severity often exist within one distressed area. If these 
portions can be easily distinguished from each other, they should 
be measured and recorded separately. However, ifthe different 
levels of severity cannot be divided easily, the entire area should be 
rated at the highest severity present. 

* Crack spalling is a breakdown of the material along the sides of the crack. 

Distresses 
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BLEEDING 

Description: Bleeding is a film of bituminous material on the pavement surface, 
which creates a shiny, glasslike; reflecting surface that usually 
becomes quite sficky. Bleeding is caused by excessive asphalt 
cement or tars in the mix, excess application of a bituminous 
sealant, and/or low air void content. It occurs when asphalt fills the 
voids of the mix during hot weather and then expands onto the 
pavement surface. Since the bleeding process is not reversible 
during cold weather, asphalt or tar will accumulate on the surface. 

Severity 
Levels: 
(Figure 2) 

L - Bleeding has only occurred to a very slight degree and it is 
noticeable only during a few days of the year. Asphalt does not 
stick to shoes or vehicles. 

M - Bleeding has occurred to the extent that asphalt sticks to shoes 
and vehicles during only a few weeks of the year. 

H - Bleeding has occurred extensively and considerable asphalt 
sticks to shoes and vehicles during at least several weeks of 
the year. 

How to 
Measure: Bleeding is measured in square feet of surface area. 

If bleeding is counted, polished aggregate should not be counted. 
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BLOCK CRACKING 

Description: Block cracks are interconnected cracks that divide the pavement 
into approximately rectangular pieces. The blocks may range in 
size from approximately 1 by 1 ft. (.3 by .3m) to 10 by 10 ft. (3 x 3 
m). Block cracking is caused mainly by shrinkage of the asphalt 
concrete and daily temperature cycling (which results in daily 
stress/strain cycling). It is not load-associated. Block cracking 
usually indicates that the asphalt has hardened significantly. Block 
cracking normally occurs over a large portion of pavement area, but 
sometimes will occur only in non-traffic areas. This type of distress 
differs from alligator cracking in that alligator cracks form smaller, 
many-sided pieces with sharp angles. Also, unlike blocks, alligator 
cracks are caused by repeated traffic loadings, and are therefore 
found only in traffic areas (i.e., wheel paths). 

Severity 
Levels: 

How to 
Measure: 

L - Blocks are defined by low-severity cracks. 

M - Blocks are defined by medium-severity cracks. 

H - Blocks are defined by high-severity cracks. 

Block cracking is measured in square feet of surface area. It 
usually occurs at one severity level in a given pattern section; 
however, any areas of the pavement section having disfinctly 
different levels of severity should be measured and recorded 
separately. 
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BUMPS AND SAGS 

Description: Bumps are small, localized, upward displacements of the pavement 
surface. They are different from shoves in that shoves are caused 
by unstable pavement. Bumps, on the other hand, can be caused 
by several factors, including: 

1. Buckling or bulging of underlying Portland cement concrete 
(POG) slabs in asphalt concrete (AC) overlaying PCC 
pavement. 

2. Frost heave (ice, lens growth). 

3. Infiltration and buildup of material in a crack in combination 
with traffic loading (sometimes called tenfing). 

Sags are small, abrupt, downward displacements of the pavement 
surface. 

Distortion and displacement, which occurs over large areas of the 
pavement surface, causing large and/or long dips in the pavement 
is called swelling. 

Severity 
Levels: L - Bump or sag causes low-severity ride quality. 

M - Bump or sag causes medium-severity ride quality. 

H - Bump or sag causes high-severity. 

How to 
Measure: Bumps or sags are measured in linear feet. If bumps appear in a 

pattern perpendicular to traffic flow and are spaced at less than 10 
ft (3m), the distress is called corrugation. If the bump occurs in 
combination with a crack, the crack is also recorded. 

Distresses 
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CORRUGATION 

Description: Corrugation (also known as washboarding) is a series of closely 
spaced ridges and valleys (ripples) occurring at fairly, regular 
intervals usually less than 10ft (3m) along the pavement. The 
ridges are perpendicular to the traffic direcfion. This type of 
distress is usually caused by traffic action combined with an 
unstable pavement surface or base. If bumps occur in a series of 
less than 10 ft (3m), due to any cause, the distress is considered 
corrugation. 

Severity 

Levels: L - Corrugafion produces low-severity ride quality. 

M - Corrugation produces medium-severity ride quality. 

H - Corrugation produces high-severity ride quality. 

How to 
Measure: Corrugation is measured in square feet of surface area. 
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DEPRESSION 

Description: Localized pavement surface areas with elevations slightly lower 
than those of the surrounding pavement are called depressions. In 
many instances, light depressions are not noticeable until after a 
rain, when ponding water creates "birdbath" areas; on dry 
pavement, depressions can be spotted by looking for stains caused 
by ponding water. Depressions are created by settlement of the 
foundation soil or are a result of improper construction. 
Depressions cause some roughness, and when filled with water of 
sufficient depth, can cause hydroplaning. 

Sags, unlike depressions, are abrupt drops in elevations. 

Severity 
Levels: Maximum Depth of Depression 

L-y2to1 in (13 to 25 mm) 

M -1 to 2 in. (25 to 51 mm) 

H - more than 2 in (51 mm) 

How to 
Measure: Depressions are measured in square feet of surface area. 
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EDGE CRACKING 

Description: Edge cracks are parallel to and usually within 1 to 2 ft (.3 to .6m) of 
the outer edge of the pavement. This distress is accelerated by 
traffic loading and can be caused by frost-weakened base or 
subgrade near the edge of the pavement. The area between the 
crack and pavement edge is classified as raveled if it breaks up 
(sometimes to the extent that pieces are removed). 

Severity 

Levels: L - Low or medium cracking with no breakup or raveling. 

M - Medium cracks with some breakup and raveling. 

H - Considerable breakup or raveling along the edge. 

How to 
Measure: Edge cracking is measured in linear feet 
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JOINT REFLECTION CRACKING (FROM LONGITUDINAL AND 
TRANSVERSE PCC SLABS) 

Description: This distress occurs only on asphalt-surfaced pavements, which 
have been laid over a PCC slab. It does not include reflection 
cracks from any other type of base (i.e., cement- or lime-stabilized); 
such cracks are mainly caused by thermal-or moisture-induced 
movement of the PCC slab beneath the AC surface. This distress 
is not load-related; however, traffic loading may cause a breakdown 
of the AC surface near the crack. If the pavement is fragmented 
along a crack, the crack is said to be spalled. Knowledge of slab 
dimensions beneath the AC surface will help to identify these 
distresses. 

Severity 
Levels: L - One of the following conditions exist: 

1. Nonfilled crack width is less than 3/8 in. (10 mm), or 
2. Filled crack of any width (filler is satisfactory 

condition). 
M - One of the following conditions exist: 

1. Nonfilled crack width is 3/8 to 3 in. (10 to 76 mm). 
2. Nonfilled crack of any width up to 3 in. (76 mm) 

surrounded by light random cracking. 
3. Filled crack of any width surrounded by random 

cracking. 

H - One of the following conditions exist: 
1. Any crack filled or nonfilled surrounded by medium or 

high-severity random cracking. 
2. Nonfilled cracks over 3 in. (76 mm). 
3. A crack of any width where a few inches of pavement 

around a crack is severely broken. (Crack is severely 
broken.) 

How to 
Measure: Joint refiection cracking is measured in linear feet. The length and 

severity level of each crack should be recorded separately. For 
example, a crack that is 50 ft (15m) long may have 10 ft (3 m) of 
high severity;' these would all be recorded separately. If a bump 
occurs at the reflection crack, it is also recorded. 
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LANE/SHOULDER DROP OFF 

Descripfion: Lane/shoulder drop off is a difference in elevation between the 
pavement edge and the shoulder. This distress is caused by 
shoulder erosion, shoulder settlement, or by building up the 
roadway without adjusting the shoulder level. 

Severity 
Levels: 

How to 
Measure: 

L - The difference in elevation between the pavement edge and 
shoulder is 1 to 2 in. (25 to 51mm). 

M -The difference in elevation is over 3 to 4 in. (51 to 102 mm). 

H - The difference in elevation is greater than 4" (102 mm) 

Lane/shoulder drop-off is measured in linear feet. 

Distresses 
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LONGITUDINAL AND TRANSVERSE CRACKING 
(NON-PCC SLAB JOINT REFLECTIVE) 

Description: Longitudinal cracks are parallel to the pavement's centerline or 
laydown direction. They may be caused by. 

1. A poorly constructed paving lane joint. 

2. Shrinkage of the AC surface due to low temperatures or 
hardening of the asphalt and/or daily temperature cycling. 

3. A reflective crack caused by cracking beneath the surface 
course, including cracks in PCC slabs (but not PCC joints). 

Transverse cracks extend across the pavement at approximately 
right angels to the pavement centerline or direcfion of laydown. 
These may be caused by condifions (2) and (3) above. These 
types of cracks are not usually load-associated. 

Severity 
Levels: L - One of the following conditions exist: 

1. Nonfilled crack width is less than 3/8 in. (10 mm), or 
2. Filled crack of any width (filler in safisfactory condifion). 

M - One of the following conditions exist: 
1. Nonfilled crack width is 3/8 to 3 in. (10 to 76 mm). 
2. Nonfilled crack of any width up to 3 in. (76mm) surrounded 

by light and random cracking. 
3. Filled crack of any width surrounded by light random 

Cracking 

H - One of the following conditions exist: 
1. Any crack filled or nonfilled surrounded by medium- or high-

severity random cracking. 
2. Nonfilled crack over 3 in. (76mm). 
3. A crack of any width where a few inches of pavement 

around the crack is severely broken. 

How to 
Measure: Longitudinal and transverse cracks are measured in linear feet. 

The length and severity of each crack should be recorded after 
identification. If the crack does not have the same severity level 
along its enfire length, each portion of the crack having a different 
severity level should be recorded separately. If a bump or sag 
occurs at the crack, it is also recorded. 
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PATCHING AND UTILITY CUT PATCHING 

Description: A patch is an area of pavement, which has been replaced with new 
material to repair the existing pavement. A patch is considered a 
defect no matter how well it is performing (a patched area or 
adjacent area usually does not perform as well as an original 
pavement secfion). Generally, some roughness is associated with 
this distress. 

Severity 
Levels: L - Patch is in good condifion and satisfactory. Ride quality is rated 

as low severity or better. 

M - Patch is moderately deteriorated and/or ride quality is rated as 
medium severity. 

H - Patch is badly deteriorated and/or ride quality is rated high 
severity. Patch needs replacement soon. 

How to 
Measure: Patching is rated in square feet of surface area. However, if a 

single patch has areas of differing severity, these areas should be 
measured and recorded separately. For example, a 25 sq ft- (2.32 
square meters) patch may have 10 sq ft (.9 square meters) of 
medium severity and 15 sq ft (1.35 square meters) of low severity. 
These areas would be recorded separately. No other distresses 
(e.g., shoving or cracking) are recorded within a patch (e.g., even if 
patch material is shoving or cracking, the area is rated only as a 
patch). If a large amount of pavement has been replaced, it should 
not be recorded as a patch, but considered a new pavement (e.g., 
replacement of full intersecfion). 
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POLISHED AGGREGATE 

Description: This distress is caused by repeated traffic applicafions. When the 
aggregate in the surface becomes smooth to the touch, adhesion 
with vehicle tires is considerably reduced. When the portion of 
aggregate extending above the surface is small, the pavement 
texture does not significantly contribute to reducing vehicle speed. 
Polished aggregate should be counted when close examinafion 
reveals that the aggregate extending above the asphalt is 
negligible, and the surface aggregate is smooth to the touch. This 
type of distress is indicated when the number on a skid resistance 
test is low or has dropped significantly from previous ratings. 

Severity 
Levels: No degrees qf severity are defined. However, the degree of 

polishing should be significant before it is included in the condition 
survey and rated as a defect. 

How to 
Measure: Polished aggregate is measured in square feet of surface area. If 

bleeding is counted, polished aggregate should not be counted. 
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POTHOLES 

Descripfion: Potholes are small [usually less than 3 ft (.9m) in diameter], bowl-
shaped depressions in the pavement surface. They generally have 
sharp edges and vertical sides near the top of the hole. Their 
growth is accelerated by free moisture collection inside the hole. 
Potholes are produced when traffic abrades small pieces of the 
pavement surface. The pavement then confinues to disintegrate 
because of ppor surface mixtures, weak spots in the base or 
subgrade, or because it has reached a condition of high-severity 
alligator cracking. Potholes are generally structurally related 
distresses and should not be confused with raveling and 
weathering. 

Thus, when holes are created in high-severity alligator cracking, 
they should be identified as potholes, not as weathering. 

Severity 
Levels: 

Maximum Depth 
of Pothole 

4 to 8 in. 
(102 to 203. mm) 

Vi to 1 in. 
(1.27 to 2.54 cm) 

>1 to 2 in. 
(2.54 to 5.08 cm) 

>2in. 
(5.08 cm) 

L 

L 

M 

Average Diameter ( 
(mm) 

>8to<18in. 
(>203 to < 457 mm) 

L 

M 

M 

in.) 

>18to<30 in. 
(>457 to <762 mm) 

M 

H 

H 

Ifthe pothole is over 30 in. (76 mm) in diameter, the area should be 
determined in square feet and divided by 5 sq ft (.47 square 
meters) to find the equivalent number of holes. If the depth is 1 in. 
(25 mm) or less, they are considered medium severity. If the depth 
is over 1 in. (25 mm), they are considered high severity. 

How to 
Measure: Potholes are measured by counting the number that are low, 

medium and high severity and recording them separately. 

Distresses 
Pavement Management Strategies 
Page 15 of 54 



RAILROAD CROSSING 

Descripfion: Railroad crossing defects are depressions or bumps around and/or 
between tracks. 

Severity 
Levels: 

How to 
Measure: 

L - Railroad crossing causes low-severity ride quality. 

M - Railroad crossing causes medium-severity ride quality. 

H - Railroad crossing causes high-severity ride quality. 

The area of the crossing is measured in square feet of surface 
area. Ifthe crossing does not affect ride quality, it should not be 
counted. Any large bump created by the tracks should be counted 
as part of the crossing. 
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RUTTING 

Description: A rut is a surface depression in the wheel paths. Pavement uplift 
may occur along the sides of the rut, but, in many instances, ruts 
are noficeable only after a rainfall when the paths are filled with 
water. Rutting stems from a permanent deformation in any of the 
pavement layers or subgrades, usually caused by consolidated or 
lateral movement of the materials due to traffic load. Significant 
rutting can lead to major structural failure of the pavement. 

Severity 
Levels: Mean Rut Depth 

L - VA to <1A in. (3 to < 13 mm) 

M - > ' ^ t o < 1 in. (>13to<25mm) 

H - > 1 in. (> 25 mm) 

How to 
Measure: Rutting is measured in square feet of surface area, and its severity 

is determined by the mean depth of the rut (see above). The mean 
rut depth is calculated by laying a straightedge across the rut, 
measuring its depth, then using measurements taken along the 
length of the rut to compute its mean depth in inches. 
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SHOVING 

Descripfion: Shoving is a permanent, longitudinal displacement of a localized 
area of the pavement surface caused by traffic loading. When 
traffic pushes against the pavement, it produces a short, abrupt 
wave in the pavement surface. This distress normally occurs only 
in unstable liquid asphalt mix (cutback or emulsion) pavements. 

Severity 

Levels: L - Shove causes low-severity ride quality. 

M - Shove causes medium-severity ride quality. 

H - Shove causes high-severity ride quality. 

How to 
Measure: Shoves are measured in square feet of surface area. Shoves 

occurring in patches are considered in rafing the patch, not as a 
separate distress. 
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SLIPPAGE CRACKING 

Descripfion: Slippage cracks are crescent or half-moon shaped cracks. They 
are produced when braking or turning wheels cause the pavement 
surface to slide or deform. This distress usually occurs when there 
is a low-strength surface mix or a poor bond between the surface 
and the next layer of the pavement structure. 

Severity 
Levels: L - Average crack width is less than 3/8 in. (10 mm) 

M - One of the following conditions exist: 
1. Average crack width is between 3/8 and 1 VT. in. (10 and 38 

mm) 
2. The area around the crack is broken into tight fitting pieces. 

H - One of the following condifions exist: 
1. The average crack width is greater than 1 Vi in. (38 mm) 
2. The area around the crack is broken into easily removed 

pieces. 

How to 
Measure: The area associated with a given slippage crack is measured in 

square feet and rated according to the highest level severity in the 
area. 
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SWELL 

Descripfion: Swell is characterized by an upward bulge in the pavement's 
surface - a long, gradual wave of more than 10 ft (3m) long. 
Swelling can be accompanied by surface cracking. This distress is 
usually caused by frost acfion in the subgrade or by swelling soil. 

Severity 
Levels: L - Swell causes low-severity ride quality. Low severity swells are 

not always easy to see, but can be detected by driving at the 
speed limit over the pavement secfion. An upward accelerafion 
will occur at the swell if it is present. 

M - Swell causes medium-severity ride quality. 

H - Swell causes high-severity ride quality. 

How to 
Measure: The surface area of the swell is measured in square feet. 
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WEATHERING AND RAVELING 

Descripfion: Weathering and raveling are the wearing away of the pavement 
surface caused by the loss of asphalt or tar binder and dislodged 
aggregate particles. These distresses indicate that either the 
asphalt binder has hardened appreciably or that a poor quality 
mixture is present. In addifion, raveling may be caused by certain 
types of traffic, e.g., tracked vehicles. Softening of the surface and 
dislodging of the aggregates due to oil spillage is also included 
under raveling. 

Severity 
Levels: L - Aggregate or binder has started to wear away. In some areas, 

the surface is starting to pit. In case of oil spillage, the oil stain 
can be seen, but the surface is hard and cannot be penetrated 
with a coin. 

M - Aggregate and/or binder has worn away. The surface texture 
is moderately rough and pitted. In case of oil spillage, the 
surface is soft and can be penetrated with a coin. 

H - Aggregate and/or binder has been considerably worn away. 
The surface texture is very rough and severely pitted. The 
pitted areas are less than 4 in. (10 mm) in diameter and less 
than Vi in. (13 mm) deep; pitted areas larger than this are 
counted as potholes. In case of oil spillage, the asphalt binder 
has lost its binding effect and the aggregate has become 
loose. 

How to 
Measure: Weathering and raveling are measured in square feet of surface 

area. 
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PAVER - CONCRETE DISTRESSES 

Blowup/Buckling 
Corner Break 
Divided Slab 
Durability ("D") Cracking 
Faulting 
Joint Seal Damage 
Lane/Shoulder Drop-Off 
Linear Cracking 
Patching, Large, and Utility Cuts 
Patching, Small 
Polished Aggregate 
Popouts 
Pumping 
Punchout 
Railroad Crossing 
Scaling, Map Cracking, and Crazing 
Shrinkage Cracks 
Spalling, Corner 
Spalling, Joint 
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BLOWUP/BUCKLING 

Descripfion: Blowups or buckles occur in hot weather, usually at a transverse 
crack or joint that is not wide enough to permit slab expansion. The 
insufficient width is usually caused by infiltrafion of incompressible 
materials into the joint space. When expansion cannot relieve 
enough pressure, a localized upward movement of the slab edges 
(buckling) or shattering will occur in the vicinity of the joint. 
Blowups can.also occur at ufility cuts and drainage inlets. 

Severity 
Levels: 

How to 
Measure: 

L - Buckling or shattering causes low-severity ride quality. 

M - Buckling or shattering causes medium-severity ride quality. 

H - Buckling or shattering causes high-severity ride quality. 

At a crack, a blowup is counted as being in one slab. However, if 
the blowup occurs at a joint and affects two slabs, the distress 
should be recorded as occurring in two slabs. When a blowup 
renders the pavement impassable, it should be repaired 
immediately. 
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CORNER BREAK 

Description: A corner break is a crack that intersects the joints at a distance less 
than or equal to half the slab length on both sides, measured from 
the corner of the slab. For example, a slab measuring 11.5 by 20.0 
ft (3.5 by 6.0 m) that has a crack 5 ft (1.5 m) on one side and 11.5ft 
(3.5 m) on the other side is not considered a corner break; it is a 
diagonal crack. However, a crack that intersects 4 ft (0.5 m) on one 
side and 8 ft (2.5 m) on the other is considered a corner break. A 
corner break differs from a corner spall in that the crack extends 
vertically through the entire slab thickness, whereas a corner spall 
intersects the joint at an angle. Load repetition combined with loss 
of support and curling stresses usually cause corner breaks. 

Severity 
Levels: L - Break is defined by a low-severity* crack. A low severity crack 

is <1/2 in. (13 mm), cracks of any width with satisfactory filler, 
no faulfing. The area between the break and the joints is not 
cracked or may be lightly cracked. 

M - Break is defined by a medium-severity* crack and/or the area 
between the break and the joints has a medium crack. A 
medium severity crack is a non-filled crack >1/2 in. and < 2 in. 
(> 13 mm and < 50 mm), a non-filled crack < 2 in. (50 mm) 
with faulfing < 3/8 in.(10 mm), or any filled crack with faulting 
<3/8in. (10 mm). 

H - Break is defined by a high-severity* crack and/or the area 
between the break and the joints is highly cracked. A high 
severity crack is a non-filled crack > 2 in. (50 mm) wide, or any 
filled or non-filled crack with faulfing > 3/8 in. (10 mm). 

How to 
Measure: Distressed slab is recorded as one slab if it: 

1. Contains a single corner break. 
2. Contains more than one break of a particular severity. 
3. Contains two or more breaks of different severifies. For two or 

more breaks, the highest level of severity should be recorded. 
For example, a slab containing both low- and medium-severity 
corner breaks should be counted as one slab with a medium 
corner break. 

* The above crack severity definitions are for non-reinforced 
slabs. For reinforced slabs, see Linear Cracking. 
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DIVIDED SLAB 

Descripfion: Slab is divided by cracks into four or more pieces due to 
overloading and/or inadequate support. If all pieces or cracks are 
contained within a corner break, the distress is categorized as a 
severe corner break. r ' •• ; 

Severity 
Levels: Table 1 lists severity levels for divided slabs. 

Table 1. Levels of Severity for Divided Slabs. 

Severity of 
Majority of 

Cracks 

Number of Pieces in Cracked Slab 

4 to 5 6 to 8 More than 8 

M 

H 

L 

L 

M 

L 

M 

H 

M 

H 

H 

How to 
Measure: If the divided slab is medium- or high-severity, no other distress is 

counted for the slab. 
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DURABILITY ("D") CRACKING 

Description: "D" Cracking is caused by freeze-thaw expansion of the large 
aggregate, which, overfime, gradually breaks down the concrete. 
This distress usually appears as a pattern of cracks running parallel 
and close to a joint or linear crack. Since the concrete becomes 
saturated near joints and cracks, a dark-colored deposit can usually 
be found around fine "D" cracks. This type of distress may 
eventually lead to disintegrafion of the enfire slab. 

Severity 
Levels: L - "D" cracks cover less than 15 percent of slab area. Most of the 

cracks are fight, but a few pieces may be loose and or missing. 

M -One of the following condifions exists: (1) "D" cracks cover less 
than 15 percent of the area and most of the pieces are loose and or 
missing, or (2) "D" cracks cover more than 15 percent of the area. 
Most of the cracks are tight, but a few pieces may be loose or 
missing. 

H - "D" cracks cover more than 15 percent of the area and most of 
the pieces have come out or could be removed easily. 

How to 
Measure: When the distress is located and rated at one severity, it is counted 

as one slab. If more than one severity level exists, the slab is 
counted as having the higher severity distress. For example, if low 
and medium "D" cracking are on the same slab, the slab is counted 
as medium-severity cracking only. 
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FAULTING 

Descripfion: Faulfing is the difference in elevafion across a joint. Some common 
causes of faulfing are: 
1. Settlement because of soft foundafion. 
2. Pumping or eroding of material from under the slab. 
3. Curling of the slab edges due to temperature and moisture 

changes. 

Severity 
Levels: Severity levels are defined by the difference in elevation across the 

joint as indicated in Table 2. 

Table 2. Levels of Severity for Faulting. 

Severity Level 

L 

M 

H 

Difference jn Elevafion 
> 1/8 and < 3/8 in. 
(>3and < 10 mm) 
> 3/8 and < % in. 
(10 and <20mm) 

> % in. 
(20 mm) 

How to 
Measure: Faulfing across a joint is counted as one slab. Only affected slabs 

are counted. Faults across a crack are not counted as distress, but 
are considered when defining crack severity. 

Distresses 
Pavement Management Strategies 
Page 27 of 54 



JOINT SEAL DAMAGE 

Descripfion: Joint seal damage is any condifion that enables soil or rocks to 
accumulate in the joints or allows significant water infiltrafion. 
Accumulation of incompressible materials prevents the slab from 
expanding and may result in buckling, shattering, or spalling. 
Pliable joint filler bonded to the edges of the slabs protects the 
joints from material accumulation and prevents water from seeping 
down and softening the foundafion supporting the slab. Typical 
types of joint seal damage are: 
1. Stripping of joint sealant. 
2. Extrusion of joint sealant 
3. Weed growth. 
4. Hardening of the filler (oxidafion). 
5. Loss of bond to the slab edges. 
6. Lack of absence of sealant in the joint. 

Severity 
Levels: 

How to 
Measure: 

L - Joint sealant is in generally good condifion throughout secfion. 
Sealant is performing well, with only minor damages (see above.). 
Joint seal damage is at low severity if a few of the joints have 
sealer, which has debonded from, but is sfill in contract with the 
joint edge. This condition exists if a knife blade can be inserted 
between sealer and joint face without resistance. 

M -Joint sealant is in generally fair condifion over the entire 
secfion, with one or more of the above types of damage to a 
moderate degree. Sealant needs replacement within 2 years. Joint 
seal damage is at medium severity if a few of the joints have any of 
the following conditions: (a) joint sealer is in place, but water 
access is possible through visible openings no more than 1/8 in. (3 
mm) wide. If a knife blade cannot be inserted easily between 
sealer and joint face, this condition does not exist; (b) pumping 
debris are evident at the joint; (c) joint sealer is oxidized and 
"lifeless" but pliable (like a rope), and generally fills the joint 
opening; or (d) vegetafion in the joint is obvious, but does not 
obscure the joint opening. 

H - Joint sealant is in generally poor condifion over the enfire 
secfion, with one or more of the above types of damage to a severe 
degree. Sealant needs immediate replacement. Joint seal damage 
is at high severity if 10% or more of the joint sealer exceeds limiting 
criteria listed above, or if 10% or more of sealer is missing. 

Joint seal damage is not counted on a slab-by-slab basis, but is 
related based on the overall condition of the sealant over the enfire 
area. 
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LANE/SHOULDER DROP-OFF 

Descripfion: Lane/shoulder drop-off is the difference between the settlement or 
erosion of the shoulder and the pavement travel-lane edge. The 
elevation difference can be a safety hazard; it can also cause 
increased water infiltration. 

Severity 
Levels: L - The difference between the pavement edge and shoulder is >1 

and <2 in. (>25 and <50mm). 

M -The difference in elevation is >2 and <4in. (>50 and <100mm.). 

H - The difference in elevafion is >4in. (>100mm). 

How to 
Measure: The mean lane/shoulder drop-off is computed by averaging the 

maximum and minimum drop along the slab. Each slab exhibifing 
distress is measured separately and counted as one slab with the 
appropriate severity level. 
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LINEAR CRACKING (Longitudinal, Transverse, & Diagonal 
Cracks) 

Description: These cracks divide the slab into two or three pieces and are 
usually caused by a combination of repeated traffic loading, thermal 
gradient curling, and repeated moisture loading. (Slabs divided into 
four or more pieces are counted as divided slabs.) Hairline cracks 
only a few feet long and not extending across the entire slab are 
counted as shrinkage cracks. 

Severity 
Levels: 

How to 
Measure: 

Non-reinforced Slabs 
L - Non-filled* cracks <1/2 in. (<13mm) or filled cracks of any width 
with the filler in satisfactory condition. No faulfing exists. 

M -One of the following condifions exists: (1) non-filled crack with a 
width of >1/2 and <2 in. (>13 and <50mm); (2) non-filled crack of 
any width < 2 in. (50 mm) with faulting of <3/8 in. (10 mm), or (3) 
filled crack of any width with faulfing <3/8 in. (10 mm). 

H - One of the following conditions exists: (1) non-filled crack with a 
width >2 in. (50 mm), or (2) filled or non-filled crack of any width 
with faulfing >3/8 in. (10 mm). 

Reinforced Slabs 
L - Non-filled cracks >1/8 to <1 in. (>3mm and <25mm) wide; filled 
crack of any width with the filler in safisfactory condition. No 
faulting exists. 

M -One of the following condifions exists: (1) non-filled crack with a 
width of >1 and <3 in. (>25 and <75mm) and no faulfing; (2) non
filled crack of any width <3in. (75 mm) with <3/8 in. (10 mm) of 
faulfing, or (3) filled crack of any width with <3/8 in. (10 mm) 
faulfing. 

H - One of the following conditions exists: (1) non-filled crack >3 in. 
(75 mm) wide, or (2) filled or non-filled crack of any width with 
faulting >3/8 in. (10 mm). 

After severity has been identified, the distress is recorded as one 
slab. If two medium-severity cracks fall within one slab, the slab is 
counted as having one high-severity crack. Slabs divided into four 
or more pieces are counted as divided slabs. In reinforced slabs, 
cracks <1/8 in. (3 mm) wide are counted as shrinkage cracks. 
Slabs longer than 29.5 ft. (9 m) are divided into 'virtual slabs' of 
approximately equal length, with joints assumed to be in perfect 
condition. 

Filled cracks with unsatisfactory filler are treated as non-filled cracks. 
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PATCHING, LARGE (More Than 5.5sq ft [ 0.5 m^]) & UTILITY 
CUTS 

Description: A patch is an area where the original pavement has been removed 
and replaced by filler material. A utility cut is a patch that has 
replaced the original pavement to allow the installafion or 
maintenance of underground ufilities. The severity levels of a ufility 
cut are assessed according to the same criteria as large patching. 

Severity 
Levels: L - Patch is funcfioning well, with little or no deteriorafion. 

M -Patch is moderately deteriorated and/or moderate spalling can 
be seen around the edges. Patch material can be dislodged with 
considerable effort. 

H - Patch is badly deteriorated, 
warrants replacement. 

The extent of the deterioration 

How to 
Measure: If a single slab has one or more patches with the same severity 

level, it is counted as one slab containing the distress. If a single 
slab has more than one severity level, it is counted as one slab with 
the higher severity level. 
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PATCHING, SMALL (Less Than 5.5sq ft [O.Sm^]) 

Descripfion: A patch is an area where the original pavement has been removed 
and replaced by filler material. 

Severity 
Levels: L - Patch is funcfioning well with little or no deterioration. 

M -Patch is moderately deteriorated. Patch material can be 
dislodged with considerable effort. 

H - Patch is badly deteriorated. The extent of the deterioration 
warrants replacement. 

How to 
Measure: If a single slab has one or more patches with the same severity 

level, it is counted as one slab containing the distress. If a single 
slab has more than one severity level, it is counted as one slab with 
the higher severity level. 
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POLISHED AGGREGATE 

Descripfion: This distress is caused by repeated traffic applicafions. Polished 
aggregate is present when close examination of a pavement 
reveals that the portion of aggregate extending above the asphalt is 
either very small, or there are no rough or angular aggregate 
particles to provide good skid resistance. 

Severity 
Levels: No degrees of severity are defined. However, the degree of 

polishing should be significant before it is included in the condifion 
survey and rated as a defect. 

How to 
Measure: A slab with polished aggregate is counted as one slab. 
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POPOUTS 

Descripfion: A popout is a small piece of pavement that breaks loose from the 
surface due to freeze-thaw action, combined with expansive 
aggregates. Popouts usually range in diameter from approximately 
1 to 4 in. (25 to 100mm) and in depth from 1/2 to 2 in. (13 to 50 
mm). 

Severity 
Levels: No degrees of severity are defined. However, popouts must be 

extensive before they are counted as a distress. Average popout 
density must exceed approximately three popouts per square yard 
over the entire slab area. 

How to 
Measure: The density of the distress must be measured. If there is any doubt 

that the average is greater than three popouts per square yard, at 
least three random square yards (0.8 m )̂ areas should be checked. 
When the average is greater than this density, the slab should be 
counted. 
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PUMPING 

Descripfion: Pumping is the ejection of material from the slab foundafion through 
joints or cracks. This is caused by defiection of the slab with 
passing loads. As a load moves across the joint between the slabs, 
water is first forced under the leading slab, and then forced back 
under the trailing slab. This acfion erodes and eventually removes 
soil particles, resulfing in progressive loss of pavement support. 
Pumping can be identified by surface stains and evidence of base 
or subgrade material on the pavement close to joints or cracks. 
Pumping near joints is caused by poor joint sealer and indicates 
loss of support; repeated loading will eventually produce cracks. 
Pumping can also occur along the slab edge, causing loss of 
support. 

Severity 
Levels: No degrees of severity are defined. It is enough to indicate that 

pumping exists. 

How to 
Measure: One pumping joint between two slabs is counted as two slabs. 

However, ifthe remaining joints around the slab are also pumping, 
one slab is added per addifional pumping joint 
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PUNCHOUTS 

Description: This distress is a localized area of the slab that is broken into 
pieces. This punchout can take many different shapes and forms, 
but it is usually defined by a crack and a joint. The distance 
between the joint and the crack or two closely spread cracks is <5 ft 
(1.5 m) wide. This distress is caused by heavy repeated loads, 
inadequate slab thickness, loss of foundation support, and/or a 
localized concrete construction deficiency (e.g., honeycombing). 

Severity 
Levels: Table 3 lists the severity levels for punchouts. 

Table 3. Levels of Severity for Punchouts. 

Severity of Majority of 
Cracks _, 

L 

M 

H 

Number of Pieces 
. . 2 t o 3 4 t o 5 >5 . . 

L L M 

L M H 

M H H 

How to 
Measure: If a slab contains more than one punchout or a punchout and a 

crack, it is counted as shattered. 
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RAILROAD CROSSING 

Description: Railroad crossing distress is characterized by depressions or 
bumps around the tracks. 

Severity 
Levels: 

How to 
Measure: 

L - Railroad crossing causes low-severity ride quality. 

M - Railroad crossing causes medium-severity ride quality. 

H - Railroad crossing causes high-severity ride quality. 

The number of slabs crossed by the railroad tracks is counted. Any 
large bump created by the tracks should be counted as part of the 
crossing. 
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SCALING, MAP CRACKING, AND CRAZING 

Descripfion: Map cracking or crazing refers to a network of shallow, fine, or 
hairline cracks that extend only through the upper surface of the 
concrete. The cracks tend to intersect at angles of 120 degrees. 
Map cracking or crazing is usually caused by concrete over-
finishing, and may lead to surface scaling, which is the breakdown 
of the slab surface to a depth of approximately 1/4 to Vi in. (6 to 13 
mm). Scaling may also be caused by deicing salts, improper 
construction, freeze-thaw cycles, and poor aggregate. The type of 
scaling defined here is not caused by "D" cracking. If scaling is 
caused by "D" cracking, it should be counted under that distress 
only. 

Severity 
Levels: L - Crazing or map cracking exists over most of the slab area; the 

surface is in good condifion, with only minor scaling present. 

M - Slab is scaled, but less than 15 percent of the slab is affected. 

H - Slab is scaled over more than 15 percent of its area. 

How to 
Measure: A scaled slab is counted as one slab. Low-severity crazing should 

only be counted if the potential for scaling appears to be imminent, 
or a few small pieces come out. 
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SHRINKAGE CRACKS 

Description: Shrinkage cracks are hairline cracks that are usually less than 2m 
long and do not extend across the enfire slab. They are formed 
during the setting and curing of the concrete and usually do not 
extend through the depth of the slab. 

Severity 
Levels: No degrees of severity are defined. It is enough to indicate that 

shrinkage cracks are present. 

How to 
Measure: If any shrinkage cracks exist on a particular slab, the slab is 

counted as one slab with shrinkage cracks. 

Distresses 
Pavement Management Strategies 
Page 39 of 54 



SPALLING, CORNER 

Descripfion: Corner spalling is the breakdown of the slab within approximately 
1.5ft (0.5 m) of the corner. A corner spall differs from a corner 
break in that the spall usually angles downward to intersect the 
joint, whereas a break extends vertically through the slab comer. 
Spalls less than 5 in (130 mm) from the crack to the corner on both 
sides should not be counted. 

Severity 
Levels: Table 4 lists the severity levels for corner spalling. Corner spalling 

with an area of less than 10 sq. in. (650 cm^) from the crack to the 
corner on both sides should not be counted. 

Table 4. Levels of Severity for Corner Spalling. 

Depth of Spall 

< 1 in. 
(< 25 mm) 

> 1 to 2 in. 
(> 25mm to 50mm) 

>2 in . 
(> 50mm) 

Dimensions of sides of Spall ; 
5 x 5 i n . to 12x12in. >12x12in. 

(130 x 130mm) to (300 x 300mm) (>300 x 300mm) 

L L 

L M 

M H 

How to 
Measure: If one or more corner spalls with the same severity level are in a 

slab, the slab is counted as one slab with comer spalling. If more 
than one severity level occurs, it is counted as one slab with the 
higher severity level. 
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SPALLING, JOINT 

Descripfion: Joint spalling is the breakdown of the slab edges within 1.5 ft (0.5 
m) of the joint. A joint spall usually does not extend vertically 
through the slab, but intersects the joint at an angle. Spalling 
results from: 
1. Excessive stresses at the joint caused by traffic loading or by 

infiltrafion of incompressible materials. 
2. Weak concrete at the joint caused by overworking. 
3. Water accumulafion in the joint and freeze-thaw action. 

Severity 
Levels: Table 5 shows the severity levels of joint spalling. A frayed joint 

where the concrete has been worn away along the enfire joint is 
rated as low severity. 

Table 5. Levels of Severity for Joint Spalling. 

Spall Pieces 

Tight—cannot be easily 
removed (may be a few 
pieces missing) 

Loose—can be removed 
& some pieces are 
missing; if most or all 
pieces are missing, spall 
is shallow, less than 
25mm (1 in.) 
Missing—most or all 
pieces have been 
removed 

Width of Spall 

<4 in. 
(100 mm) 

>4 in . 
<4 in. 

>4 in. 

<4 in. 

>4 in. 

Length of Spall 

<1.5ft 
(0.5 m) 

L 

L 
L 

L 

L 

M 

>1.5ft 
(0.5 m) 

L 

L 
M 

M 

M 

H 

How to 
Measure: If spall is along the edge of one slab, it is counted as one slab with 

joint spalling. If spalling is on more than one edge of the same 
slab, the edge having the highest severity is counted and recorded 
as one slab. Joint spalling can also occur along the edges of two 
adjacent slabs. If this is the case, each slab is counted as having 
joint spalling. 
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BRICK DISTSRESSES 

Bumps and Sags 
Corrugation 
Depression 
Patching and Utility Cut Patching 
Railroad Crossing 
Rutting 
Blowup/Buckling 
Faulting 
Pop-outs 
Punch-out 
Lineal Cracking 
Scaling 
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BUMPS A N D SAGS (Brick Paving) 

Descripfion: Bumps are small, localized, upward displacements of the brick 
pavers. Bumps can be caused by several factors, including: 

4. Buckling or bulging of underlying Portland cement concrete 
(PCC) slabs. 

5. Frost heave (ice, lens growth). 

6. Infiltrafion and buildup of material in a crack in combination 
with traffic loading (sometimes called tenfing). 

Sags are small, abrupt, downward displacements of the pavement 
surface. 

Distortion and displacement, which occurs over large areas of the 
pavement surface, causing large and/or long dips in the pavement 
is called swelling. 

Severity 
Levels: L - Bump or sag causes low-severity ride quality. 

M - Bump or sag causes medium-severity ride quality. 

H - Bump or sag causes high-severity in ride quality. 

How to 
Measure: Bumps or sags are measured in linear feet. If bumps appear in a 

pattern perpendicular to traffic fiow and are spaced at less than 10 
ft (3m), the distress is called corrugation. Ifthe bump occurs in 
combination with a crack, the crack is also recorded. 
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CORRUGATION (Brick Paving) 

Descripfion: Corrugafion (also known as washboarding) is a series of closely 
spaced ridges and valleys (ripples) occurring at fairly regular 
intervals usually less than 10ft (3m) along the pavement. The 
ridges are perpendicular to the traffic direcfion. This type of 
distress is usually caused by traffic acfion combined with an 
unstable pavement surface or base. If bumps occur in a series of 
less than 10 ft (3m), due to any cause, the distress is considered 
corrugafion. 

Severity 

Levels: L - Corrugafion produces low-severity ride quality. 

M - Corrugation produces medium-severity ride quality. 

H - Corrugation produces high-severity ride quality. 

How to 
Measure: Corrugation is measured in square feet of surface area. 
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DEPRESSION (Brick Paving) 

Descripfion: Localized pavement surface areas with elevations slighfiy lower 
than those of the surrounding pavement, are called depressions. In 
many instances, light depressions are not noticeable unfil after a 
rain, when ponding water creates "birdbath" areas; on dry 
pavement, depressions can be spotted by looking for stains caused 
by ponding water. Depressions are created by settlement of the 
foundation soil or are a result of improper construction. 
Depressions cause some roughness, and when filled with water of 
sufficient depth, can cause hydroplaning. 

Severity 
Levels: Maximum Depth of Depression 

L -Vz to l in. (13 to 25 mm) 

M - 1 to 2 in. (25 to 51 mm) 

H - more than 2 in. (51 mm) 

How to 
Measure: Depressions are measured in square feet of surface area. 
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PATCHING A N D UTILITY CUT PATCHING (Brick Paving) 

Description: A patch is an area of pavement, which has been replaced with new 
material to repair the exisfing pavement. A patch is considered a 
defect no matter how well it is performing (a patched area or 
adjacent area usually does not perform as well as an original 
pavement secfion). Generally, some roughness is associated with 
this distress. 

Severity 
Levels: L - Patch is in good condition and safisfactory. Ride quality is rated 

as low severity or better. 

M - Patch is moderately deteriorated and/or ride quality is rated as 
medium severity. 

H - Patch is badly deteriorated and/or ride quality is rated high 
severity. Patch needs replacement soon. 

How to 
Measure: Patching is rated in square feet of surface area. However, if a 

single patch has areas of differing severity, these areas should be 
measured and recorded separately. For example, a 25 sq ft- (2.32 
square meters) patch may have 10 sq ft (.9 square meters) of 
medium severity and 15 sq ft (1.35 square meters) of low severity. 
These areas would be recorded separately. No other distresses 
(e.g., shoving or cracking) are recorded within a patch (e.g., even if 
patch material is shoving or cracking, the area is rated only as a 
patch). If a large amount of pavement has been replaced, it should 
not be recorded as a patch, but considered a new pavement (e.g., 
replacement of full intersecfion). 
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RAILROAD CROSSING (Brick Paving) 

Descripfion: Railroad crossing defects are depressions or bumps around and/or 
between tracks. 

Severity 
Levels: 

How to 
Measure: 

L - Railroad crossing causes low-severity ride quality. 

M - Railroad crossing causes medium-severity ride quality. 

H - Railroad crossing causes high-severity ride quality. 

The area of the crossing is measured in square feet of surface 
area. If the crossing does not affect ride quality, it should not be 
counted. Any large bump created by the tracks should be counted 
as part of the crossing. 
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RUTTING (Brick Paving) 

Description: A rut is a surface depression in the wheel paths. Pavement uplift 
may occur along the sides of the rut, but, in many instances, ruts 
are noficeable only after a rainfall when the paths are filled with 
water. Rutting stems from a permanent deformafion in any of the 
pavement layers or subgrades, usually caused by consolidated or 
lateral movement of the materials due to traffic load. Significant 
rutting can lead to major structural failure of the pavement. 

Severity 
Levels: Mean Rut Depth 

L - VA to <l/i in. (3 to < 13 mm) 

M - > 1^ to < 1 in. (>13 to < 25 mm) 

H - > 1 in. (> 25 mm) 

How to 
Measure: Rutting is measured in square feet of surface area, and the severity 

is determined by the mean depth of the rut (see above). The mean 
rut depth is calculated by laying a straightedge across the rut, 
measuring its depth, then using measurements taken along the 
length of the rut to compute its mean depth in inches. 
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BLOWUP/BUCKLING (Brick Paving) 

Descripfion: 

Severity 
Levels: 

How to 
Measure: 

Blowups or buckles occur in hot weather, usually at a transverse 
joint that is not wide enough to permit brick expansion. The 
insufficient width is usually caused by infiltration of incompressible 
materials into the joint space. When expansion cannot relieve 
enough pressure, a localized upward movement of the brick edges 
(buckling) or shattering will occur in the vicinity of the joint. 
Blowups can also occur at utility cuts and drainage inlets. 

L - Buckling or shattering causes low-severity ride quality. 

M - Buckling or shattering causes medium-severity ride quality. 

H - Buckling or shattering causes high-severity ride quality. 

A blowup or buckling in brick paving should be recorded by the 
square feet of brick pavement that is affected by the buckling. 
When a blowup renders the pavement impassable, it should be 
repaired immediately. 
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FAULTING (Brick Paving) 

Description: Faulting is the difference in elevafion across a joint. Some common 
causes of faulfing are: y u , 
4. Settlement because of soft foundation. 

Pumping or eroding of material from under the brick or the 
concrete substrate slab. 
Curling of the substrate slab edges due to temperature and 
moisture changes. 

5. 

6. 

Severity 
Levels: Severity levels are defined by the difference in elevation across the 

joint as indicated in Table 2. 

Table 2. Levels of Severity for Faulting. 

Severity Levfel 

L 

M 

H 

Difference in Elevation 
> 1/8 and < 3/8 in. 
(>3 and < 10 mm) 
> 3/8 and < % in. 

(>10and <20mm) 
> VA in. 

(>20 mm) 

How to 
Measure: Faulfing across a joint is measured by the linear feet of joint along 

the fault. Faults across a crack are not counted as distress, but are 
considered when defining crack severity. 
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POPOUTS (Brick Paving) 

Descripfion: A popout is a small area of brick pavement that pops loose from the 
surface. Popouts usually range in just a few bricks that are loose 
and are displaced by traffic. 

Severity 
Levels: No degrees of severity are defined. However, popouts must be 

extensive before they are counted as a distress. 

How to 
Measure: The density of the distress must be measured. If there is any doubt 

that the average is greater than three popouts per square yard, at 
least three random square yard areas should be checked. When 
the average is greater than this density, the brick pavers should be 
removed and replaced. 
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PUNCHOUTS (Brick Paving) 

Descripfion: This distress is a localized area of the brick pavement that is 
broken into pieces. This punchout can take many different shapes 
and forms, but it is usually defined by a crack and a joint or a set of 
joints. The distance between the joints, joint and the crack or two 
closely spread cracks is <5 ft (1.5 m) wide. This distress is caused 
by heavy repeated loads or a loss of foundation support. 

Severity 
Levels: Table 3 lists the severity levels for punchouts. 

Table 3. Levels of Severity for Punchouts. 

Severity of Majority of 
Cracks or Loose Joints 

L 

M 

H 

Number of Bricks 
2 to 3 4 to 5 >5 

L L M 

L M H 

M H H 

How to 
Measure: If an area contains more than one punchout or a punchout and a 

crack, it is counted as shattered. 
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LINEAR CRACKING (BRICK PAVING) 

Description: This distress is a crack running through several consecutive bricks 
in the pavement. This may be caused by heavy traffic load, a crack 
in the concrete substrate or loss of the bedding sand between the 
brick paving and the concrete substrate. 

Severity 
Levels: L - Non-filled* cracks <1.2 in (<13 mm) or filled cracks of any width 

with the filler in safisfactory condifion. No faulfing exists. 

M -One of the following condifions exists: (1) non-filled crack with a 
width of >1/2 and <2 in. (>13 and <50 mm); (2) non-filled crack of 
any width < 2 in. (50 mm) with faulfing of < 3/8 in. (10 mm), or (3) 
filled crack of any width with faulfing < 3/8 in. (10 mm). 

H - One of the following condifions exists: (1) non-filled crack with a 
width > 2 in. (50 mm), or (2) filled or non-filled crack of any width 
with faulfing > 3/8 in. (10 mm). 

How to 
Measure: Count the number of cracked or broken brick affected. 
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SCALING (BRICK PAVING) 

Description: This distress is when the surface of the bricks is breaking off in 
shallow layers. 

Severity 
Levels: L - Only a few bricks have the surface face broken off, resulting 

depression is less than VA inch and no displacement (faulfing) or 
structural weakness is apparent. 

M -When an area of greater than 1 square yard and less than 5 
square yards has the surface face broken off, resulfing depression 
is less than VA inch and no displacement (faulfing) or structural 
weakness is apparent 

H - One of the following condifions exists: the resulting depression 
is greater than VA inch, an area greater than 5 square yards has the 
surface face broken off or displacement (faulfing) or structural 
weaknesses are apparent. 

How to 
Measure: Measure the surface area and the average depth of depression 

caused by loss of brick surface. 
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PAVER AIDS IN IMPLEMENTING GASB 34. 

One of the leading indicators in recent years of the importance of Preservation strategies 
of infrastructure is the Government Accounting Standards Board Statement No. 34 
(GASB 34). It set new standards for reporting major capitol assets of government 
entities. It established a need to include the infrastructure assets likes streets, bridges, 
storm-sewers, etc., recognizing the value of these assets and the importance of their being 
maintained in operational condition. 

The standard method of evaluation of an asset of initial cost less depreciation is not a 
satisfactory method of placing a current value on these infrastructures. GASB 34 allows 
for an alternative method or approach to valuing these assets. This alternate approach 
incorporates the benefits of maintenance activities into the reporting process. Three of 
the requirements for using this approach are: 

• Maintain an up-to-date inventory of infrastructure assets 
• Regularly assess the condition of all infrastructure assets and summarize 

the results, using a measurement scale. 
• Each year, estimate the annual cost required to maintain and preserve the 

assets at a minimum condition level established by the agency. The 
minimum condition level should be expressed in terms of categories or a 
condition index. 

Our use of PAVER has given us a leap ahead at meeting these requirements for the 
alternative method of evaluating the dollar value of the City Of Lubbock's streets. We 
have the streets inventoried by type, inspected regularly for condition and are striving to 
maintain all streets at a minimum condition index of 75 with an average condition index 
of 85 as our desired level of maintenance for the entire system. Using this work that is 
already done in our pavement preservation strategies program, we can apply a formula 
based on the typical cost of construction for the type of street/surface, the current 
condition index, and the area of each section of street in our PAVER program and 
evaluate it's current value. 

The following pages include reports based on this procedure for the City Of Lubbock 
streets and articles printed from GASB web page on the Internet to help explain and 
summarize GASB 34. 



STR££T DEPAKTUEKT 

CITY OF LUBBOCK 

STREET DEPARTN4ENT 

PAVEMENT MANAGEMENT OPERATIONS 

SUMMARY REPORT CURRENT ESTIMATED VALUE OF PAVEMENTS 

DATE: 11/25/2003 

Street 
Classification: 

Thoroughfares 

Thoroughfares 

Thoroughfares 

Collector 

Collector 

Collector 

Residential 

Residential 

Residential 

Industrial 

Industrial 

Industrial 

Unpaved 

Surface 
Type: 

AC 

BR 

PCC 

AC 

BR 

PCC 

AC 

BR 

PCC 

AC 

BR 

PCC 

X 

TOTAL: 

Miles: 

137.38 

3.35 

3.37 

176.16 

4.99 

0.84 

606.01 

2.94 

0.11 

25.17 

0.36 

0.34 

0.04 

961.07 

Ave P^'= 

88.66 

96.67 

98.00 

87.07 

97.68 

95.00 

86.10 

99.23 

95.00 

87.50 

98.00 

70.00 

0.00 

2002 Base Year 
Adjusted Value: 

$64,716,556.92 

$11,897,901.48 

$3,678,378.38 

$30,435,823.89 

$11,121,102.01 

$377,271.51 

$91,362,087.84 

$5,925,874.56 

$32,415.81 

$5,071,871.43 

$985,433.40 

$116,604.32 

SO.OO 

$225,721,321.55 

Adj Base Yr 
Value / Mile: 

$471,078.55 

$3,554,023.53 

$1,092,218.98 

$172,770.93 

$2,227,849.09 

$447,036.26 

$150,759.88 

$2,013,554.13 

$289,113.98 

$201,499.47 

$2,750,046.70 

$345,106.96 

$0.00 

$234,865.65 

Adjusted 
Construction 

Value: 

$24,317,600.12 

$1,134,499.67 

$2,370,224.11 

$10,214,806.38 

$1,090,221.12 

$162,047.92 

$29,386,576.19 

$548,845.86 

$6,518.00 

$1,631,820.33 

$94,880.27 

$9,095.14 

$0.00 

$70,967,135.10 

Adj. 
Constructed 
Value/Mile: 

5177,010.34 

$338,886.53 

$703,789.41 

$57,985.01 

$218,399.95 

$192,013.70 

$48,491.85 

$186,492.45 

$58,133.53 

564,830.30 

5264,782.15 

526,918.34 

50.00 

$73,842.13 

2002 Base Year Adjusted Value = 2002 Construction Cost X (PCI/IOO) 

Adjusted Constructed Value = 2002 Construction Cost X Consumer Price Index X (PCI/lOO) 



STREET DEPARTUEXT 

CITY OF LUBBOCK 

STREET DEPARTMENT 

PAVEMENT MANAGEMENT OPERATIONS 

SUMMARY REPORT ESTIMATED VALUE OF PAVEMENTS PER COUNCIL DISTRICT 

DATE: 11/25/2003 

Street 
Classification: 

Surface 
Type: Miles: AvgPCI: 

2002 Base Year 
Adjusted Value: 

Adj Base Year 
Value/Mile: 

Adjusted 
Constructed Value: 

Adj. 
Constructed 
Value/Mile: 

Thoroughfares 

Thoroughfares 

Collector 

Collector 

Residential 

Industrial 

Totals: 

Thoroughfares 

Thoroughfares 

Collector 

Residential 

Industrial 

Unpaved 

Totals: 

AC 

PCC 

AC 

PCC 

AC 

AC 

AC 

PCC 

AC 

AC 

AC 

X 

27.94 

0.33 

28,27 

0.02 

99.55 

4.69 

160.80 

13.93 

0.70 

26.33 

82.61 

1.98 

0.04 

125.59 

COUNCIL DISTRICT # 
90.16 

100.00 

89.39 

85.00 

87.13 

88.33 

$11,475,061.35 

$759,249.60 

$5,391,932.69 

513,076.91 

$15,379,049.33 

$674,343.87 

$33,692,713.74 

COUNCIL DISTRICT* 
87.04 

100.00 

87.02 

88.23 

86.63 

0.00 

$5,540,722.98 

$1,360,831.20 

$3,775,627.72 

$13,187,951.12 

$424,161.06 

$0.00 

S74 289.294 OS 

5 

6 

$410,684.77 

$2,299,964.36 

$190,711.45 

$750,500.92 

5154,493.03 

$143,755.48 

5209.534.76 

$397,794.72 

51,947,733.46 

$143,380.33 

$159,638.10 

5214,415.55 

$0.00 

S193.402.43 

$7,539,365.01 

$703,065.13 

$2,889,569.81 

$11,664.60 

$8,235,801.44 

$483,979.39 

$19,863,445.38 

$1,677,107.01 

$1,232,913.07 

$1,267,238.18 

$5,145,365.43 

$208,790.68 

50.00 

$9,531,414.36 

5269,828.83 

$2,129,767.00 

$102,203.43 

$669,446.82 

$82,734.24 

5103,173.90 

5123,530.64 

$120,407.45 

$1,764,646.52 

548,123.66 

$62,283.85 

5105,544.74 

$0.00 

575,893.47 

TOTALS FOR ALL 
COUNCIL DISTRICTS 

961.07 $225,721,321.55 570,967,135.10 

2002 Base Year Adjusted Value = 2002 Construction Cost X (PCI/IOO) 

Adjusted Constructed Value = 2002 Construction Cost X Consumer Price Index X (PCI/IOO) 
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STREET DEPARTMEST 

CITY OF LUBBOCK 

STREET DEPARTMENT 

PAVEMENT MANAGEMENT OPERATIONS 

SUMMARY REPORT ESTIMATED VALUE OF PAVEMENTS PER COUNCIL DISTRICT 

DATE: 11/25/2003 

Adj. 

Street 
Classification: 

Surface 
Type: Miles: Avg PCI: 

2002 Base Year 
Adjusted Value: 

Adj Base Year 
Value / Mile: 

Adjusted 
Constructed Value: 

Constructed 
Value/Mile: 

Thoroughfares 

Thoroughfares 

Thoroughfares 

Collector 

Collector 

Collector 

Residential 

Residential 

Residential 

Industrial 

Industrial 

AC 

BR 

PCC 

AC 

BR 

PCC 

AC 

BR 

PCC 

AC 

BR 

21.70 

2.99 

2.01 

34.56 

4.99 

0.74 

99.50 

2.20 

0.04 

4.50 

0.36 

COUNCIL DISTRICT # 

88.38 

96.25 

93.33 

85.76 

97.68 

100.00 

84.10 

99.00 

90.00 

87.19 

98.00 

$11,065,432.95 

$10,958,474.48 

$1,269,224.48 

$5,983,260.64 

$11,121,102.01 

$304,033.45 

$13,801,057.66 

$4,788,703.88 

$18,094.86 

$914,752.19 

$985,433.40 

1 
$509,950.04 

$3,659,756.18 

$632,217.48 

$173,108.54 

$2,227,849.09 

$410,666.82 

$138,706.21 

$2,177,808.48 

$406,556.85 

$203,269.71 

$2,750,046.70 

$3,617,762.16 

$1,047,132.96 

$260,260.05 

$1,343,787.27 

$1,090,221.12 

$122,829.51 

$2,608,301.50 

$440,814.64 

$4,198.01 

$292,434.05 

$94,880.27 

$166,724.43 

$349,706.64 

5129,638.97 

$38,878.64 

$218,399.95 

5165,909.40 

$26,214.48 

$200,473.84 

$94,321.19 

$64,982.61 

5264,782.15 

Totals: 173.60 $61709 569 99 • ^ ^ ^ ^ - ^ ' ^ ^ " 6 $10,922,621.54 562,919.36 

COUNCIL DISTRICT* 

Thoroughfares 

Thoroughfares 

Thoroughfares 

Collector 

Collector 

Residential 

Residential 

Residential 

Industrial 

Industrial 

AC 

BR 

PCC 

AC 

PCC 

AC 

BR 

PCC 

AC 

PCC 

25.43 

0.35 

0.23 

30.49 

0.09 

107.28 

0.49 

0.07 

14.00 

0,34 

87.11 

100.00 

95.00 

86.71 

100,00 

85,15 

100,00 

100.00 

87.47 

70,00 

$12,299,436,25 

$939,427,01 

$154,228,70 

$4,958,728.15 

$60,161,15 

$15,539,110.78 

$745,710.01 

$14,320.95 

$3,058,614,31 

$116,604,32 

$483,753,64 

$2,658,185,74 

$678,606,28 

$162,635,79 

$698,133.78 

5144,847,93 

$1,522,563,36 

$211,805,65 

$218,451,76 

$345,106,96 

$2,725,488.19 

$87,366.71 

$70,636.74 

$1,410,751,30 

$27,553,81 

$3,560,546,79 

$70,842,45 

$2,319,99 

$646,616,21 

$9,095,14 

5107,197,18 

5247,211,27 

$310,801.68 

546,269,66 

5319,745.27 

533,189,66 

5144,643.52 

$34,312,51 

$46,182,50 

$26,918,34 

Totals: 178,76 " ^ « « f i " " ' l f i 7 S21I943 75 $8,611,217,33 548,172.75 

Thoroughfares 

Collector 

Residential 

Residential 

AC 

AC 

AC 

BR 

21,77 

25,69 

105,77 

0,25 

COUNCIL DISTRICT* 3 

90.17 $11,331,496.93 5520,593.98 

86.48 $4,410,178.21 $171,646.54 

8.5,32 $15,132,016,64 $143,071,34 

100,00 $391,460,67 51,539,026,31 

$3,358,572.93 

$727,705,62 

$2,720,399,42 

$37,188,76 

5154,300,25 

$28,322,70 

$25,721,04 

$146,207,50 

Totals: 153,48 $31.265.152,45 5203.708,67 $6,843,866.73 $44,591.34 

Thoroughfares 

Thoroughfares 

Collector 

Residential 

AC 

PCC 

AC 

AC 

26.62 

0.10 

30.81 

111.31 

COUNCIL DISTRICT* 4 

88.76 $13,004,406.47 $488,536,14 

100.00 $134,844.40 $1,294,506.24 

87.81 $5,916,096.48 $192,016.11 

87.11 $18,322,902.32 $164,610.01 

$5,399,304.83 

$103,349.11 

$2,575,754.20 

$7,116,161.62 

$202,835,52 

$992,151,50 

$83,600.11 

$63,930,45 

Totals: 168,84 $37.378.249,66 5221.376,51 $15,194,569,76 $89,991,39 
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Overview 
Governmental Accounting Standards Board Statement No, 34, 
Basic Financial Statements—and Management's Discussion and Analysis-
for State and Local Governments 

Statement 34 establishes new requirements for the annual financial reports of state and 
local governments. The Statement was developed to make annual reports easier to 
understand and more useful to the people who use governmental financial information to 
make decisions (or who may do so in the future): legislators, their staff, and members of 
oversight bodies; investors, creditors, and others who provide resources to governments; 
and citizen groups and the public in general. 

Statement 34 is firmly rooted in GASB Concepts Statement No. 1, Objectives of 
Financial Reporting, published in 1987. Some of those objectives affirm the importance 
of the information governments currently include in their annual reports, whereas others 
call for new information to fulfill the unmet needs of decision makers. Statement 34 
strives to meet those objectives by requiring governments to retain much of the current 
information, in addition to offering new and different financial data. The Statement 
accomplishes many of the objectives set forth in 1987, and lays the groundwork for 
meeting the remaining objectives in the future. 

Debuting New Information 

The financial managers of governments are knowledgeable about the transactions, events, 
and conditions that are reflected in the government's financial report and of the fiscal 
policies that govern its operations. For the first time, those financial managers will share 
their insights in a required management's discussion and analysis (MD&A) that gives 
readers an objective and easily readable analysis of the government's financial 
performance for the year. 

The MD&A will provide an analysis of the government's overall financial position and 
results of the previous year's operations to assist the users of financial statements to 
assess whether the government's finances have improved or deteriorated. The analysis 
will include a comparison of the current year to the prior year based on government-wide 
financial information about assets, liabilities, revenues, and expenses. In addition, the 
analysis will explain significant variations in fund-based financial results and budgetary 
information, and will describe capital asset and long-term debt activity during the year. 
The MD&A will conclude with a description of currently known facts, decisions, or 



conditions that are expected to have a significant effect on the government's future 
financial position and operations. 

Government-wide flnancial statements 

Financial managers will be better equipped to provide the MD&A analysis because for 
the first time the annual report will include financial statements prepared using full 
accrual accounting for all of the government's activities—not just those that cover costs 
by charging a fee for services, as was previously required. Most governmental utilities 
and private-sector companies currently use full accrual accounting. This approach 
includes not just current assets and liabilities (such as cash and accounts payable, 
respectively) but also capital assets and long-term liabilities (such as buildings and 
infrastructure, including bridges and roads, and general obligation debt). Accrual 
accounting also reports all of the revenues and costs of providing services each year, not 
just those received or paid in the current year or soon thereafter. 

Full accrual accounting will help governments meet two important objectives of financial 
reporting from Concepts Statement 1. It generates the information users need to help 
them assess: 

• Whether current-year citizens paid for the services they received in the current year, 
or ifthe costs of services were shifted to future-year citizens; 

• Whether a government's financial position has improved or deteriorated as a result of 
the year's operations. 

In addition, the government-wide statements should help users assess the extent to which 
the government has invested in capital assets, including infirastructure. In short, the new 
financial statements should give government officials a new way to demonstrate their 
stewardship in the long term in addition to the way they currently demonstrate the short-
term fund or budgetary focus. 

The new govenmient-wide statement of activities reports expenses and revenues in a 
format that focuses on the net cost of each of the government's functions. The expenses 
of individual functions are compared to the revenues generated directly by the function 
(for instance, through user charges or intergovernmental grants). This will allow users to 
see the financial benefit or burden that each function places on the constituency of the 
reporting government. In other words, it will show the extent to which secondary 
education or public safety, for example, either contributes to or draws from the general 
revenues of the government. 

Important features of the government-wide financial statements 



• Governments will report all capital assets, including infrastructure, in the 
government-wide statement of net assets and will report depreciation expense—^the 
cost of "using up" capital assets—in the statement of activities. 
- Infrastructure assets are not required to be depreciated if (1) the government 

manages those assets using an asset management system that has certain 
characteristics and (2) the government can document that the assets are being 
preserved approximately at (or above) a condition level established and disclosed 
by the government. Qualifying governments will make disclosures about 
infrastructure assets in required supplementary information (RSI), including the 
physical condition of the assets and the amounts spent to maintain and preserve 
them over time. 

• The net assets of a government will be broken down into three categories—invested 
in capital assets, net of related debt; restricted; and unrestricted. 
- Statement 34 defines restricted net assets as those whose use is constrained by law 

(for instance, by constitutional provisions or enabling legislation) or externally 
(such as by creditors or the laws of other governments). 

• The statement of activities will be presented in at least the same level of detail 
provided in the governmental fund statements—generally, expenses and program 
revenues by function (for example, public safety), although governments are 
encouraged to provide more detailed information where relevant (for example, fire 
protection). Program expenses will include all direct expenses; governments that 
allocate overhead and other indirect expenses to individual programs will show the 
allocation in a separate column. 

• Special and extraordinary items will be reported separately from other revenues and 
expenses. This way, users will see if the government's conventional, recurring 
revenues and expenses balanced. 
- Special items are significant transactions or other events within the control of 

management that are either unusual or infrequent in occurrence, such as the 
proceeds from a sale of parkland. 

- Extraordinary items, by contrast, are beyond government's control and are both 
unusual and infrequent, such as the cost of cleaning up a natural disaster. 

Retaining and Improving the Familiar 

The annual reports prepared until now divided financial information among a variety of 
categories or "funds." These funds are established by governing bodies (such as state 
legislatures or city councils) to show restrictions on the use of resources or to measure, in 
the short term, the revenues and expenditures arising firom particular activities. Because 
the users of financial statements continue to assess government accountability by 
determining a government's compliance with finance-related laws, rules, and regulations. 
Statement 34 requires goveimnents to continue to present financial statements with 
information about funds. 



The focus of these fund-based statements has been sharpened, however, by requiring 
governments to report information about their most important or major funds, including a 
government's "general fund." Until now, fund information has been reported in the 
aggregate by type of fund, which obscures individual funds and thus often makes it 
difficult to assess a government's accountability for a significant individual program or a 
particular dedicated revenue. 

Another important objective of annual reports should be to provide a comparison of the 
inflows of a government's resources with its outflows. Fund-based statements for 
governmental activities (generally, those supported by tax revenues) will continue to 
report the flow of current financial resources (generally, cash and other assets that can 
easily be converted to cash). These statements will still show the short-term performance 
of individual funds using the same measures that most governments use to manage their 
money (as opposed to the long-term focus of the fiiU accrual-based government-wide 
statements). 

Important features of the fund-based financial statements 

• To help users understand and assess the relationship between fund-based and 
government-wide financial statements, governments will present a summary 
reconciliation that will show the interplay between the two types of statements. 

• Each of the fund statements will report separate columns for the general fund and for 
other major governmental and enterprise funds. Major funds are those whose 
revenues, expenditures/expenses, assets, or liabilities are at least 10 percent of the 
total for their fund category or type (governmental or enterprise) and at least 5 percent 
of the aggregate amount for all governmental and enterprise funds. 
- Any other fund may be reported as a major fund if the government's officials 

believe the fund is particularly important to financial statement users. 
- Nonmajor fijnds will be aggregated in a separate column. 
- Internal service funds will also be aggregated in a separate column on the 

proprietary fund statements. 
• Fund balances for governmental funds will be segregated into reserved and 

unreserved categories. Proprietary fund net assets will be reported in the same 
categories required for the government-wide statement of net assets. Proprietary fund 
balance sheets also will distinguish between restricted and unrestricted assets and 
current and noncurrent assets and liabilities. 

• Proprietary fund statements of revenues, expenses, and changes in fimd net assets will 
distinguish between operating and nonoperating revenues and expenses. 
- An all-inclusive change in fund net assets will include capital contributions, 

contributions to term and permanent endowments, special and extraordinary items, 
and transfers. 

• Cash flows statements will be prepared using the direct method. 



• Interfund loans, interfund services provided and used, interfund transfers, and other 
interflind activity will be reported separately in the fund-based financial statements 
and generally will be eliminated in the aggregated government-wide statements. 

Budgetary comparison schedules 

Demonstrating compliance with the adopted budget is an important component of a 
government's accountability to the public. Many citizens participate in one way or 
another in the process of establishing the annual operating budgets of state and local 
governments, and have a keen interest in following the actual financial progress of their 
governments over the course of the year. 

Governments will continue to provide budgetary comparison information in their annual 
reports. An important change, however, is a requirement to add the government's original 
budget to the current comparison of final budget and actual results. Many governments 
revise their original budgets over the course of the year for a variety of reasons. Requiring 
governments to report their original budget adds a new analytical dimension and 
increases the usefulness of the budgetary comparison. It will also allow users to assess the 
government's ability to estimate and manage its general resources. 

About the GASB and This Project 

The Governmental Accounting Standards Board is a private, nonprofit body responsible 
for establishing and improving accounting and financial reporting standards for the more 
than 84,000 governmental units in the United States (not including the federal 
government). These include states, counties, cities, and other local governments, as well 
as any organizations under those governments' jurisdictions, such as public power 
authorities, municipal hospitals, and state universities. Governments are required to 
follow GASB standards in order to obtain clean opinions from their auditors. The GASB 
operates under the auspices of the nonprofit Financial Accounting Foundation. The 
Foundation oversees and funds the GASB and appoints its members, as well as the 
GASB's private-sector counterpart, the Financial Accounting Standards Board. 

The new financial statement guidelines embodied in Statement 34 are the culmination of 
many years of study and deliberation by the GASB, during which it established nearly 
three dozen new standards of governmental accounting and financial reporting that form 
the foundation of the new requirements. 

In crafting the new guidelines, the GASB worked closely with the Governmental 
Accounting Standards Advisory Council, whose members are drawn from major 
organizations of financial statement users, auditors, and preparers. Highly placed state 
and local government officials from around the country are represented by members of 
the National Governors' Association, the U.S. Conference of Mayors, the National 
Conference of State Legislatures, the National Association of State Auditors, 



Comptrollers and Treasurers, the Government Finance Officers Association, and other 
professional groups. The financial community is represented by members of The Bond 
Market Association, the National Federation of Municipal Analysts, and the Association 
of Financial Guaranty Insurors, among others. Citizen watchdog groups, accounting 
associations, academics, and public power associations are represented by members of the 
Governmental Research Association, the American Institute of Certified Public 
Accountants, the American Accounting Association, the American Public Power 
Association, and others. 

The GASB also benefited from the counsel of a special task force assembled specifically 
to advise with the preparation of the Statement. Like the Advisory Council, the task 
force's members were broadly drawn from the GASB's user, preparer, and auditor 
constituencies. 

The extensive due process applied to the development of Statement 34 also involved 
reading and analyzing hundreds of comment letters, holding public hearings, and 
conducting approximately forty focus groups with financial statement users. The GASB 
is grateful for the input and assistance of the many people who shared their time and 
expertise to help craft the Statement. 



Components of the New Financial Statements 

Statement 34 establishes that the basic financial statements and required supplementary 
information (RSI) for general purpose governments will consist of: 

Management's discussion and analysis 

MD&A will introduce the basic financial statements and provide an analytical overview 
of the government's financial activities. Although its status for reporting and auditing 
purposes is RSI, MD&A will be presented before the basic financial statements. 

Basic financial statements 

• Government-wide statements, consisting of a statement of net assets and a statement 
of activities. Prepared using the economic resources measurement focus and accrual 
basis of accounting, these statements will report all of the assets, liabilities, revenues, 
and expenses of the government. Each statement will distinguish between the 
governmental and business-type activities of the primary government and between the 
total primary government and its discretely presented component units by reporting 
each in separate columns. Fiduciary activities, whose resources are not available to 
finance the government's programs, will be excluded from the government-wide 
statements. 

• Fund-based financial statements, consisting of a series of statements that provide 
information about the government's major and nonmajor governmental and enterprise 
funds. Fund-based financial statements also will report information about a 
government's fiduciary funds and discretely presented component units that are 
fiduciary in nature. 
- Governmental fund financial statements—including the general fund, and special 

revenue, debt service, capital projects, and permanent funds—will be prepared 
using the current financial resources measurement focus and modified accrual 
basis of accounting. 
• Required governmental fund statements are a balance sheet and a statement of 

revenues, expenditures, and changes in fund balances. 
- Proprietary fund financial statements (including enterprise funds and internal 

service funds) dXid fiduciary fund financial statements will be prepared using the 
economic resources measurement focus and the accrual basis of accounting. 
• Required proprietary fund statements are a statement of net assets, a statement 

of revenues, expenses, and changes in fund net assets, and a cash flows 
statement 

• Required fiduciary fund statements are a statement of fiduciary net assets and 
a statement of changes in fiduciary net assets. 

• Notes to the financial statements. The notes will provide information that is essential 
to a user's understanding of the basic financial statements. 



Required supplementary information 

• A budgetary comparison schedule comparing original, final, and actual information 
on the budgetary basis for the government's general fund and major special revenue 
funds is required. Governments are also required to present other types of data in RSI 
based on previous GASB pronouncements. 

• Governments that elect to use the modified approach to reporting infrastructure will 
be required to disclose in RSI: the assessed physical condition of infrastructure assets 
(governments will perform such assessments at least every three years, and will 
disclose the results of at least the three most recent condition assessments); 
descriptions of the criteria the government uses to measure and report asset condition; 
the condition level at which the government intends to maintain the assets; and a 
comparison of the annual dollar amount estimated to be required to maintain and 
preserve the assets at the condition level established by the government, with the 
actual expenses for at least the last five years. 

Special purpose governments that are engaged in only governmental activities (such as 
some library districts) or that are engaged in both governmental and business-type 
activities (such as some school districts) generally will be reported in the same manner as 
general purpose governments. Special purpose governments engaged only in business-
type activities (such as a utility) should present the financial statements required for 
enterprise funds as well as MD&A and other RSI. 



Types of Funds 

The various funds used by governments fall into three broad categories—governmental, 
proprietary, and fiduciary. Each category encompasses several types of funds: 

Governmental funds track the basic activities of government: 

• The general fund accounts for those resources not required to be in another fund. 
• Special revenue funds track specific revenue sources that are restricted to a specific 

purpose. 
• Capital projects funds follow the resources used to build and acquire major capital 

assets. 
• Debt service funds account for resources used to repay long-term debt. 
• Permanent funds report resources legally restricted so that only their earnings, and not 

their principal, may be used to finance operations. 

Proprietary funds report activities generally financed and operated like private 
businesses: 

• Enterprise funds account' for activities for which a fee is charged to external users, 
such as an electric utility. 

• Internal service funds report activities that provide goods or services to other funds, 
departments, or agencies of the government, such as a motor pool. 

Fiduciary funds report assets that are held for others and that cannot be used to support 
the government's own programs: 

• Pension (and other employee benefit) trust funds account for resources held in trust 
for the members and beneficiaries of various employee benefit plans. 

• Investment trust funds track the portion of the government's investment pools that 
belongs to others. 

• Private-purpose trust funds report all other trust arrangements benefiting those 
outside the government. 

• Agency funds contain resources held by the government in a temporary, purely 
custodial capacity. 



Effective Date and Transition Provisions 

The requirements of Statement 34 are effective in three phases based on a government's 
total annual revenues (based on the first fiscal year ending after June 15, 1999), as 
follows: 

• Governments with total annual revenues of $100 million or more will apply the 
Statement beginning with fiscal years ending after June 15, 2002. 

• Governments with total annual revenues of $10 million or more, but less than $100 
million, will apply the Statement beginning with fiscal years ending after June 15, 
2003. 

• Governments with total annual revenues below $10 million will apply the Statement 
beginning with fiscal years ending after June 15, 2004. 

In all cases, however, earlier implementation is encouraged. 

Prospective reporting of newly acquired, constructed, or significantly renovated or 
improved infrastructure assets is required at the appropriate effective date of the 
Statement. Retroactive reporting of existing major general governmental infrastructure 
assets is encouraged at that date. However, governments will be allowed to report 
retroactively only major infrastructure assets acquired or significantly reconstructed or 
improved during the previous 25 years, and are allotted an additional four years beyond 
the effective date of the Statement to do so. Furthermore, governments with revenues 
under $10 million are encouraged to report infrastructure assets retroactively, but may 
elect to report prospectively only. 

Governmental Accounting Standards Board 
FINANCIAL ACCOUNTING FOUNDATION 
401 MERRITT 7, P.O. BOX 5116, NORWALK, CONNECTICUT 06856-5116 

Phone: (203) 847-0700 Fax: (203) 849-9714 Web site: www.gasb.org 
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What's GASB 34—and why should you care? 

by Tom Maze, former director of the Center for 
Transportation Research and Education; Transpor
tation Sector Leader, Howard R. Green Company 

Editor s note: News about coming changes in financial 
reporting requirements is Just beginning to Jiit the 
radar screens of Iowa's governmental agencies. These 
changes will affect how agencies report major infra -
structure assets, including roads and bridges. If 
"GASB (say gasbee '̂ 34 " is Just a mysterious blip on the 
edge of your own awareness, this short series of articles 
will help you understand what the buzz is about—and 
why you should sit up and take notice. 

^ • J ^ ^ l How do you report infrastructure 
f ' -^^^1 investments? 
^ ^ ^ ^ ^ 1 Traditionally, state and local governmen
tal agencies have used cash accounting methods to 
report infrastructure assets like roads, bridges, water 
and sewer facilities, dams, etc. With cash account
ing, the capital cost of an infrastructure investment 
appears in an agency's annual financial report dur
ing the year in which the cost of construction is 
incurred; the value of existing physical assets does 
not appear on financial reports. 

In other words, using cash accounting methods, the 
value of all physical assets is off the books. 

In actuality, of course, physical infrastructure like 
roads and bridges generally continues to have value, 
or usefulness, long after agencies have incurred the 
cost of construction. And, just as cars depreciate in 
value, the value or usefulness of roads, bridges, and 
other physical assets declines over the course of 
many years, typically 20-50 years. 

A more realistic report of an agency's financial status 
would therefore show the existing value of the 
agency's capital assets. Under this accounting 
method—accrual accounting—the cost, or the loss 
in value, of an asset is spread across the asset's useful 
lifetime rather than accounted for in its first year. 

Accrual accounting keeps infrastructure assets on 
the books and is more consistent with the reporting 
of other costs of doing business. 

The Governmental Accounting Standards Board 
(see article on page 3) has been carefully studying 
the valuation of government capital investments for 
many years. In fact, the board issued its first concept 
statement regarding this issue as long ago as 1987. 

GASB... continued on page 2 

Sign up for breaking news and information 

IN ADDITION to publishing this newsletter, your 
Local Technical Assistance Program (LTAP) will 
soon start using a subscriber-only e-mail service to 
communicate with Iowa's local governments about 
upcoming training opportunities, legislative 
updates, and other time-sensitive information. 

If you're interested in participating in this service, 
subscribe by e-mail to the editor: 
mbrink@iastate.edu. In the subject line or body of 
the e-mail, simply type "Subscribe LTAP." 

Only LTAP staff will be able to send mail to the 
subscriber list. Members may unsubscribe at any 
time. 

Center for Transportation Research and Education lOWA STATE UNIVERSITY 

mailto:mbrink@iastate.edu


The preparation of this 
newsletter was financed through the 
Local Technical Assistance Program 

(LTAP). LTAP is a nationwide 
effort financed Jointly in Iowa by 

the Federal Highway 
Administration and the Iowa 

Department of Transportation. 
The mission of Iowa's LTAP: 

To foster a safe, efficient. 
environmentally sound 

transportation system by Improving 
skills and knowledge of local 

transportation providers through 
training, technical assistance, and 

technology transfer, to improve the 
quality of life for lowans. 

Subscriptions to 
TECHNOLOGY HEWS are free, and we 

welcome your comments. 
questions, and suggestions. To 

subscribe, or to obtain permission 
to reprint articles, contact the editor 

at the address below. 

Center for Transportation 
Research and Education 

2901 S. Loop Drive, Suite 3200 
Ames, Iowa 500IO-863Z 

Telephone: 515-294-8103 
Fax:515-294-0467 

www.ctre.iastate.edu/ 

Stephen J. Andrle 
Director 

andrle@iastate.edu 

Duane Smith 
Associate Director for Outreach 

desmith@iastate.edu 

Marcia Brink 
Editor 

mbrink@iastate.edu 

Tom McDonald 
Safety Circuit Rider 

tmcdonal@iastate.edu 

Sharon Prochnow 
Program Coordinator 

prochnow@lastate.edu 

Stan Ring 
Library Coordinator 

sring@lastate.edu 

Michele Regenold 
Assistant Editor 

mregenol@iastate.edu 

The opinions, findings, or 
recommendations expressed 

here are those of the 
Center for Transportation 

Research and Education 
and do not necessarily reflect 

the views of the Federal 
Highway Administration or the 

Iowa Department of 
Transportation. 

Iowa State University and the 
Center for Transportation 

Research and Education 
provide equal opportunities and 

comply with ADA requirements in 
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Finally, in June 1999, GASB Statement 34 (or 

GASB 34) was published. GASB 34 requires state 

and local governments to begin reporting the value 

of their infrastructure assets, including roads, 

bridges, water and'sewer facilities, and dams, in 

their annual financial reports on an accrual account

ing basis. 

Why the change? 

Accrual accounting methods are generally the stan

dard in the private sector. When most of us see an 

annual report, we therefore expect to see an 

accounting of the remaining useful value of all 

assets. By bringing public agencies in line with 

accounting norms, GASB 34 has the potential to 

make agencies' overall financial condition more 

comprehensible to the public, investors, creditors, 

and the agencies themselves. 

The principle purpose of Statement 34, then, is to 
"improve the 
accountability of 

governments to 

their citizens by 

providing better, 

more accessible 

information 

about the condi

tion and costs of 

capital assets."' 

Ultimately, the 

new standards 

may 

encourage better 

stewardship of 

public resources. By reporting 

the value of public assets over 

time, governmental agencies 

will make their improve

ments—or lack of improve

ments— in public assets more 

apparent. 

Who 's affected, and how 

soon? 

The new requirements for 

reporting physical assets will be 
phased in, beginning with the 
largest governmental agencies 

(see table below). In the first 

year that agencies are required 

to report the value of capital 

assets, they need only report the value of newly 

acquired or built capital assets. That is, they need 

only comply with GASB 34's prospective reporting 

requirements. 

• Agencies with $100 million or more per year in 

revenue must meet prospective reporting re

quirements for the fiscal year beginning after 

June 1 5 , 2 0 0 1 . 

• Those with annual revenues of $ 10 million to 

less than $100 million have until the fiscal year 

beginning after June 15, 2002, to meet prospec

tive reporting requirements. 

• Smaller agencies with less than $ 10 million in 

annual revenue have until the fiscal year begin

ning after June 15, 2003, to comply with pro

spective reporting requirements. 

Schedule for complying with GASB 34 reporting requirements 

Reporting 
requirements 

Prospective 

Retroactive 

$100 million 
or more 
fiscal year 
beginning after 
June 15, 2001 

fiscal year 
beginning after 
June 15, 2005 

Agency's annual revenue 

$10 million to less 
than $100 million 
fiscal year 
beginning after 
June 15,2002 

fiscal year 
beginning after 
June 15, 2006 

less than 
$10 million 
fiscal year 
beginning after 

June 15, 2003 

encouraged but not 
required to report 

• 
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Agencies then have four more years to comply with 
GASB 34's retroactive reporting requirements, that is, 
they have four more years to determine and report 
values for their preexisting capital assets. 

• Agencies with $ 100 million or more per year in 
revenue must meet retroactive reporting require
ments for the fiscal year beginning after June 15, 
2005. 

• Those with annual revenues of $ 10 million to 
less than $ 100 million have until the fiscal year 
beginning after June 15, 2006, to meet retroac
tive reporting requirements. 

• Smaller agencies with less than $ 10 million in 
annual revenue are encouraged but not required 
to report infrastructure values retroactively. 

What does GASB 34 mean for Iowa's cities and 
counties? 
CTRE staff have recently discussed this question 
with several managers of local governmental agen
cies. Some managers believe that meeting the new 
standards will be not be difficult because they have a 
good inventory base and good cost records. Others 
view GASB 34 as a significant unfunded mandate. 

Regardless of what shape you think your agency is in 
with regards to complying with GASB 34, we 
encourage you to discuss the statement with your 
agency's financial officer, who should be able to 
help you develop a strategy for addressing GASB 34. 
You might also contact the Iowa League of Cities or 
the Iowa State Association of Counties. 

What's next? 
Basically, GASB 34 allows two methods for assess
ing the value of infrastructure: the depreciation 
approach, and a modified approach. In the next 
issue of Technology News, we will discuss these 
approaches and other issues related to meeting 
GASB 34 requirements. 

In the meantime, visit the web site of the Govern
mental Accounting Standards Board, 
wv/w.rutgers.edu/Accounting/raw/gasb/. for a sum
mary of GASB 34 and related information. • 

' Terry K. Patton and Penny S. Wardlow, "Why 
Infrastructure Reporting?" GASB Action, Vol. 16, 
No. 5, May, 1999 

W h e r e d o e s G A S B g e t i t s a u t h o r i t y ? 

P « | H THE GOVERNMENTAL Accounting Stan-
II T^SB <̂ 3rds Board (GASB) is a nonprofit entity 

"^''i™ responsible for establishing accounting 
standards—or generally accepted accounting prac
tices (GAAP)—for state and local governments. 
Along with its sister organization the Financial 
Accounting Standards Board (FASB), which sets 
accounting standards for the private sector, GASB is 
operated by the nonprofit, privately funded Finan
cial Accounting Foundation. 

Although there is no legal requirement that Iowa 
governments follow GAAP, it is generally prudent 
business practice to do so. For example, public agen

cies follow GASB standards in order to obtain clear 
opinions from their auditors. Even more important, 
following GAAP will likely reduce the cost of issu
ing debt through general obligation or revenue 
bonds. Bonding organizations want to see (1) a gov
ernment agency's true financial condition and (2) 
accounting information based on GAAP. Commu
nities that don't follow GAAP may pay more to 
issue debt in terms of their bond rating. • 

LTAP Advisory Board 

The people listed below help 
guide and direct the policies 
and activities of the Center for 
Transportation Research and 
Education's Local Technical 
Assistance Program (LTAP) 
The board meets at least 
annually. 

Contact any of the advisory 
committee members to 
comment, make suggestions, or 
ask questions about any aspect 
of LTAP. 

Saleem Baig 
Local Systems 
Iowa Department of 
Transportation 
Telephone: 515-239-1051 

Jennifer Balis 
Iowa Division. Federal 
Highway Administration 
Telephone: 515-233-7304 

Gary Fox 
Traffic and 
Transportation Director 
City of Des Moines 
Telephone: 515-283-4973 

Kevin Gilchrist 
Senior Transportation Planner 
Des Moines Metropolitan 
Planning Organization 
Telephone: 515-237-1316 

Neil Guess 
Director of Public Works 
City of Newton 
Telephone: 515-792-6622 

Raymond Holland 
City Engineer 
City of Bettendorf 
Telephone: 319-344-4055 

Harold Jensen 
Story County Engineer 
Telephone: 515-382-6581 

Larry Jesse 
Local Systems 
Iowa Department of 
Transportation 
Telephone: 515-239-1528 

Bob Sperry 
Webster County Engineer 
Telephone: 515-576-3281 

Iowa Department 
of Transportation 
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"The modified 
approach to valuing 

capital assets 
incorporates the 

benefits, or value, of 
maintenance 

activities into the 
reporting process. " 

C o m p l y i n g Mi/ith G A S B 3 4 : 
H o w t o v a l u e m a j o r c a p i t a l a s s e t s 

by Tom Maze, Transportation Sector Leader, 
Howard R. Green Company; former director. Center 
for Transportation Research and Education 

Editor's note and correction: This is the second of a 
series of articles about changes in accounting 
requirements that will affect Iowa's state and local 
transportation agencies. 

The Governmental Accounting Standards Board 
(GASB) sets Generally Accepted Accounting Practices 
(GAAP) for governmental agencies. In our first article, 
we said that Iowa does not require local governments to 
follow GAAP standards for annual financial reporting. 
Through conversations with the state Auditor's Office, 
we found out we were incorrect. Counties are required 
by Iowa law to follow GAAP standards for financial 
reporting; cities are encouraged, but not required, to 
follow GAAP standards. 

Here's a brief summary of the first article: Issued in 
June 1999, GASB Statement No. 34 (or GASB 34) 
sets new GAAP requirements for reporting major 
capital assets, including infrastructure assets like roads, 
bridges, water and sewer facilities, etc. Under GASB 
34, Iowa's governmental agencies must soon begin 
using accrual accounting methods for reporting such 
assets. This will be a major change for many lo wa 
agencies, which have traditionally used cash 
accounting reporting methods. Under cash accounting, 
physical assets appear on the books only during the year 
in which they are constructed; in subsequent years, they 
are off the books. Accrual accounting requires that the 
costs of long-lived assets be charged over the life of those 
assets. 

The first article also discussed the schedule for 
complying with the new reporting requirements. Find 
the complete article online at www.ctre.iastate.edu/ 
pubs/Tech_Ne ws/2000/index. htm. 

W^i'iM^^ GASB 34 IS documented in a small 
1. M^^B paperback booklet, which is devoted 

"^luBI primarily to guidelines for developing 
financial statements and examples of such 
statements. The booklet defines capital assets, one 
class of which is infrastructure assets. The guidelines 
specifically identify roads, bridges, sewers, drainage 
systems, and other infrastructure commonly 
operated by local governments as capital assets. 

According to GASB 34, each jurisdiction can use 
one of two general methods for valuing existing 
infrastructure assets; depreciation, or the modified 
approach. Whichever method is used, a 
fundamental requirement is a good inventory of 
assets. The inventory will include the historical cost, 
or estimated historical cost, of construction. 

Depreciation method of valuing assets 
The easiest method for valuing assets under GASB 
34 is depreciation. Governments can use any 
reasonable and established method to depreciate an 
asset's value over its useful life until it reaches 
salvage value. On each year's financial statement, 
depreciation will be shown as an expense, and the 
capitalized value of the asset declines each year by 
the amount of the annual depreciation. 

One simple method for determining depreciation is 
straight-line depreciation. The annual amount of 
straight-line depreciation is determined by the 
following equation: 

annual depreciation = (historical cost - salvage 
value)/useful life in years 

This fairly straightforward method for valuing assets 
is commonly used by local governments to value 
rolling stock and other assets. However, this and 
other depreciation formulae for valuing assets may 
not be the best way to value infrastructure assets 
because it omits one critical variable: maintenance. 

The life (and value) of a road or bridge largely 
depends on how well it is maintained. Regular 
maintenance adds value to infrastructure assets. For 
this reason, some agencies that have gotten a head 
start on valuing their existing capital assets have 
chosen not to use depreciation methods. 

The alternative approach to valuing existing assets 
suggested by GASB 34 is called the "modified 
approach." 

Modified approach to valuing assets 
The modified approach to valuing capital assets 
incorporates the benefits, or value, of maintenance 
activities into the reporting process. GASB 34 does 
not provide a complete description of such an 
approach but does describe the minimum required 
inputs and outputs. In general, they include the 
following: 
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• Maintain an up-to-date inventory of 
infrastructure assets. 

• Regularly assess the condition of all 
infrastructure assets and summarize the results, 
using a measurement scale. 

• Each year, estimate the annual cost required to 
maintain and preserve the assets at a minimum 
condition level established by the agency. The 
minimum condition level should be expressed in 
terms of categories or a condition index (e.g., 
good, fair, and poor). 

According to GASB 34, the assessment of 
infrastructure conditions must be conducted at least 
once every three years. In addition, the results of the 
three most recent condition assessments must 
provide reasonable assurance that the assets are 
being preserved approximately at or above the 
minimum condition level established by the agency. 

The mechanics of implementing the modified 
approach are left to the agency to determine. 

Determining the current value of infrastructure 
assets 

Under the depreciation method for valuing assets, 
deriving a current value is fairly straightforward. 
However, under the modified approach, deriving a 
current value for infrastructure assets will be one of 
the most problematic requirements for city public 
works officials and county engineers. And it is also 
the one for which the least guidance is 
available. 

The GASB 34 booklet's discussion about 
valuing capital assets is rather brief and 
leaves a good deal of fiexibihty to engineers 
and other infrastructure managers. When 
addressing methods for estimating the 
value of capital assets, the text uses words 
like "professionaljudgment," "reasonable," 
and "consistent." In other words, rather 
than prescribing rigid formulae for valuing 
assets, GASB 34 allows managers to 
estimate asset values through consistent 
and reasonable methods. 

We would suggest that estimating the 
current value of an asset under the 
modified approach be based on reasonable 
and consistent methods for determining 
the current condition of the asset. A 

relatively simplistic approach would be to rate assets 
(for example, roadways) on a condition scale from 0 
to 100, where 100 is perfect, 0 is impassable, and 40 
is considered the minimum acceptable level of 
condition (terminal condition). This would mean 
that a road could lose a maximum of 60 condition 
points in its life. Under this approach, a road 
currently rated at 70 (half the maximum point loss) 
would be valued at half the historical cost. 

Because of the many variables to be considered, 
we're not suggesting that anyone follow this method 
for valuing assets, only that it illustrates one possible 
approach. 

What's next? 
GASB 34 describes the required inputs and outputs 
of the modified approach in terms of an "asset 
management system." In the next issue of 
Technology News, we'll discuss how the elements of 
the modified approach can form the basis of a full-
fledged asset management system for local agencies' 
various capital assets. 

In the next issue we will also provide details about 
GASB 34 training to be offered this summer by the 
Iowa State Association of Counties and the Iowa 
League of Cities. The first session will focus on the 
needs of local government financial officers. In all 
likelihood, there will be a follow-up session for 
engineers and public works professionals.* 

"Under the modified 
approach, deriving a 
current value for 
infrastructure assets 
virill be one of the 
most problematic 
requirements " 

Including the value of 
existing roads and bridges in 
financial reports will be a 
major change for many Iowa 
agencies under GASB 34. 
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[B]y offering the modi
fied approach . . . , 

GASB 34provides a 
strong incentive to agen
cies to take steps toward 

developing a full-
fledged asset 

management system. 

Figure 1 Typical pavement 
life cycle 

G A S B 3 4 : 
t h e " m o d i f i e d r e p o r t i n g a p p r o a c h " 

a s p a r t o f a n a s s e t m a n a g e m e n t s y s t e m 

Tom Maze, Vice President, Howard R. Green 
Company, contributed to this article. 

Editor's note: This is the third article in a series on 

GASB 34. Here's a brief summary of the first two 

articles: The Governmental Accounting Standards 

Board (GASB) sets Generally Accepted Accounting 

Practices (GAAP) for governmental agencies. In June 

1999. GASB Statement No. 34 (or GASB 34) set new 

GAAP requirements for reporting major capital assets, 

including infrastructure like roads, bridges, water and 

sewer facilities, and dams. Under GASB 34, over the 

next few years Iowa's governmental agencies must 

begin showing the value of these assets in their financial 

reports. Agencies may report assets using either depre

ciation methods or a "modified approach. " 

WI.'^^M To USE the modified approach for asset 
M ^ 9 reporting, agencies must demonstrate 

'^ "-^IliB that they do the following: 

• maintain an up-to-date inventory of infra-struc

ture assets, 

* regularly assess the condition of all infrastruc

ture and summarize the results using a measure

ment scale, and 

PCI Pavcmcnl Condition Index 
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20 Very Poor 

0 Failed 

Spending $ 1.00 for maintenance 
here... 

75% of life 

40% drop in quality . will save $4-5.00 here. 

12% of life 

\ 1 
10 1 

Life in Years 

-r-
20 

• annually estimate the cost required to maintain 

the assets at a min imum condit ion level. 

Clearly, the modified approach requires more data 

collection than does the depreciation approach. In 

addition, processes for valuing infrastructure assets 

under the modified approach are undefined in 

GASB 34; agencies are merely required to use "con

sistent" and "reasonable" methods for valuing assets. 

With more front-end work and so much ambiguity, 

why would agencies choose to use the modified 

approach? 

Benefits of the modified approach 

Perhaps the most significant advantage of the modi

fied approach is that the reported value of assets will 

reflect the positive effects of maintenance activi

ties—particularly preventive maintenance—on the 

condition (and therefore the value) of roads, 

bridges, and other assets. Such an approach reflects 

a more accurate portrayal of actual infrastructure 

value than does the use of a calculated depreciation. 

Using depreciation does not take into account the 

value added or maintained due to maintenance 

efforts. 

For example, an ongoing study for the Iowa Depart

ment of Transportation by Iowa State University's 

Charles T. Jahren, associate professor of civil and 

construction engineering, has cited literature 

reporting that strategic applications of maintenance 

treatments improve pavement life cycles, as demon

strated in Figure 1. 

The red curve shows a presumed life cycle of a new 

pavement with no preventive maintenance; note the 

accelerated deterioration of pavement condition 

after about 10 years. The black curves show how 

strategically timed, relatively low-cost applications 

of preventive maintenance treatments before acceler

ated deterioration begins can restore the pavement 

to near-excellent condition (and therefore near-new 

value). 

Using calculated depreciation, the depreciated value 

of this pavement over the years does not reflect the 

significant value added by preventive maintenance 

activities. Under the modified approach, the pave

ment manager assigns a more realistic value to this 

pavement, based on its actual condition following 

preventive maintenance activities. 
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In addition, GASB 34's requirements for using the 
modified approach (maintaining up-to-date inven
tories, regularly assessing infrastructure conditions, 
and estimating maintenance costs) will result in 
agencies having better information about their 
infrastructure systems; this information will help 
guide and plan overall resource allocation decisions. 

GASB 34 and asset management systems 
GASB 34 requires that agencies report the current 
value of infrastructure assets and does not require 
that they develop a system for managing those 
assets. However, GASB allows agencies to use a 
modified approach as a more realistic and useful 
alternative to depreciation. The modified approach 
provides a strong incentive to agencies to take steps 
toward developing a full-fledged asset management 
system. 

How? 

The required elements of the modified approach 
are also the basic elements of an asset management 
system. In fact, if an agency develops a thorough 
infrastructure inventory and then regularly assesses 
the condition of its infrastructure (the first two 
requirements of the modified approach), it has 
completed most of the work involved in establishing 
an asset management system. 

What is asset management? 
According to the Federal Highway Administration's 
(FHWA) web page, asset management systems 
assess the economic trade-offs among alternative 
investment options, providing information that 
helps decision makers make cost-effective invest
ment decisions. 

"The advent of increasingly powerful computer sys
tems has made the practice of asset management 
possible. These computer systems not only put 
sophisticated analytical tools at a highway staff s 
fingertips but also allow agency officials to perform 
'what if analyses .. . ." 

Many agencies already systematically manage vari
ous physical assets through pavement management 
systems, bridge management systems, etc., which 
help decision makers allocate resources among con
struction, maintenance, and other needs within each 
system. These individual management systems can 
be the building blocks for the type of broad asset 
management system described by the FHWA and 
supported, at least implicitly, by GASB 34. Such an 
asset management system helps decision makers 
allocate resources effectively amonga variety of 

different systems (e.g., pavements, bridges, and 
sewers) that compete for an agency's resources. 

A basic flow chart of an asset management system 
is shown in Figure 2 (see page 8). The elements of 
an asset management system that are also required 
for GASB 34's modified approach to asset valuation 
are shown in red; elements of an asset management 
system that are not part of GASB 34's modified 
approach are shown in black and labeled "optional." 

Start with the upper left corner: conducting an 
inventory of infrastructure assets. The resulting 
inventory of road segments, bridges, sewer lines, 
dams, etc., is the foundation of an overall asset 
management system. The inventory includes basic 
information on construction cost, location, design 
characteristics, and construction history but may 
include more detailed information on maintenance 
performed, use (e.g., traffic characteristics), condi
tions during construction (weather, temperature, 
etc.), materials specifications and origin, etc. 

The next element is the process of conducting field 
observations to determine the current condition of 
assets identified and described in the inventory. 

The next three elements in Figure 2 are not 
explicitly required as part of GASB 34's modified 
approach. However, using these processes, which 
are central to an asset management system, will 
greatly enhance agencies' ability to accurately 
predict needed annual expenditures to preserve 
assets at or above the level they have prescribed. 

A multiyear asset management system involves 
computer programs that forecast the condition of 
assets, based on possible maintenance activities, and 
another module that allocates resources for asset 
maintenance and rehabilitation, given a multiyear 
budget. 

What's next? 
The final article in our series on GASB 34 will 
discuss using asset condition information to 
estimate an asset's value under the modified 
approach. We will follow this series with a new one 
about asset management systems, covering topics 
such as 

• assessing baseline conditions of infrastructure 
assets, 

• forecasting asset conditions, 

• resource allocation modeling, and 

• infrastructure budgeting. 

GASB 34... continued on page 8 

fUJsing these 
processes, which are 
central to an asset 
•management system, 
will greatly enhance 
agencies' ability to 
accurately p redict 
needed annual 
expenditures to 
preserve assets at or 
above the level they 
have prescribed. 
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Inventory of infrastructure asset systems: 
pavement segments 
bridges 
sewer lines 
etc. 

si asset 
descriptions 

Assessment of asset conditions 

i existing asset conditions 

Forecast asset conditions 

(Optional for GASB 34) 

present and future 
conditions before 
maintenance and 

rehabilitatiorvvl^ 

Infrastructure budget 

(Optional for GASB 34) 

2 
Apply resource allocation model 

(Optional for GASB 34) 

i conditions after 
maintenance and rehabilitation 

Value infrastructure assets 
pavement segments 
bridges 
sewer lines 
etc. 

i value of infra
structure assets 

Agency's comprehensive financial report 

Figure 2 Components of asset management system. 
(Red components signify elements that must be 

implemented by agencies using GASB 34's modiFied 
approach to valuing capital assets.) 

GASB 34. .. continued from page 7 

As deadlines for complying with GASB 34 near, 
Technology News mil periodically provide updated 
information. 

Upcoming GASB 34 training 
The Center for Transportation Research and 
Education (CTRE) is participating in two upcom
ing training workshops that will help city and 
county transportation agencies understand issues 
involved in complying with GASB 34. 

On August 31, 2000, the "GASB 34 Educational 
Conference," Holiday Inn Airport, Des Moines, will 
provide information to agency decision makers and 
financial officers who are responsible for GASB 34 
reporting. This event is cosponsored by the Iowa 
League of Cities, Iowa State Association of Coun
ties, and CTRE. Watch your mail for registration 
brochures. 

Perhaps more important for Iowa's city and county 
engineers, "An Introduction to Asset Management 
and GASB 34 for Transportation Agencies" is being 
planned for late fall 2000. This workshop will be 
helpful for agency staff who will ultimately be re
sponsible for providing inventory and value infor
mation regarding physical transportation 
infrastructure to financial officers for the GASB 34 
reporting process. Workshop partners include the 
FHWA, Iowa State Association of Counties, Iowa 
League of Cities, the Iowa Department of Transpor
tation, the state auditor's office, Howard R. Green 
Company, and CTRE. 

Help us help you! 
To help us plan upcoming workshops, we are 
distributing a brief survey to Iowa's transportation 
agencies soliciting input about training needs 
regarding GASB 34. Watch for the survey in the 
Iowa Department of Transportation's weekly 
mailing. 

For more information 
For a summary of GASB 34, visit the web site of the 
Governmental Accounting Standards Board, 
www.rutgers.edu/Accounting/raw/gasb/. 

For information about asset management systems, 
contact Omar Smadi, CTRE's pavement manage
ment specialist, 515-294-8103, smadi@iastate.edu, 
or David Plazak, CTRE's transportation policy 
analyst, 515-294-8103, dplazak@iastate.edu. • 
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G A S B 3 4 : 
e s t a b l i s h i n g a v a l u e f o r 

i n f r a s t r u c t u r e a s s e t s 

Tom Maze, Vice President, Howard R. Green 

Company 

Editor's note: This is the fourth article in a series about 
issues raised for local transportation agencies by Gov
ernmental Accounting Standards Board Statement 
No. 34 (GASB 34). The first article was published in 
the January-February 2000 issue of Technology 
News. The entire series, including a longer version of 
this article, is available on the Center for Transporta
tion Research and Education's GASB 34 website, 
www.ctre.iastate.edu/gasb34/index.htm. 

ONE OF THE most complex issues for agencies 
attempting to comply with GASB 34 is developing 
objective and consistent procedures for estimating 
monetary values for infrastructure assets (that is, 
"capitalizing" assets). Whether an agency chooses to 
report assets by (I) depreciating their value based 
on historical costs or (2) using the modified 
approach outlined in GASB 34 (which applies asset 
management techniques), ultimately the agency 
must include the value of its infrastructure assets in 
its comprehensive financial reports. 

Unfortunately, little research has been conducted 
to develop standardized methods for capitalizing 
infrastructure assets. In this article, we provide two 
possible approaches. The first, relatively simple ' 
approach applies the perpetual inventory method 
(PIM) to depreciate the value of highway infra
structure assets through time. The second example 
is taken from work done by the California Depart
ment of Transportation (CalTrans) to capitalize 
bridges. The CalTrans method is based on engi
neering measurements of the condition of bridges 
and requires a bridge management system; such a 
method would be useful to agencies using GASB 
34's modified approach for reporting capital assets. 

Perpetual inventory method 
The perpetual inventory method, described by 
Barbara Fraumeni and exemplified in Table I, is a 
depreciation method for valuing capital stock that 
can be apphed to transportation infrastructure 
assets. PIM accounts for annual capital expendi
tures and assumes that existing capital assets 
depreciate in value at a standard rate every year. 

The following equation estimates the total value of 
infrastructure assets on a year-by-year basis: 

Infrastructure Assets = Capital Investment + 

a-r) Infrastructure Assets, ,, 

where Infrastructure Assets = the value of infra-
yf.ir 

Structure assets in the current year 

Capital Investment = the amount 
of capital investment in infrastructure assets 
in the current year 

r = the annual depreciation rate of 
infrastructure assets 

Infrastructure Assets, ,, = the value of 
(yMr - 1) 

infrastructure assets in the year immediately 
prior to the current year 

When using this formula, all capital investments 
should be expressed in constant dollars so that 
meaningful comparisons can be made across time. 
Constant dollars exclude inflation and express dol
lars in terms of a base year. 

GASB 34... continued on page 10 

Table I Perpetual Inventory Method Example 

G A S B 3 4 
w o r k s h o p 

WANT to learn more 

about GASB 34? Reg
ister for the GASB 34 
Educational Confer
ence, August 31, 2000, 
in Des Moines. This 
event is cosponsored 
by the Iowa League of 
Cities, Iowa State As
sociation of Counties, 
and CTRE. For more 
information, see 
www.ctre.iastate.edu/ 
gasb34/index.htm. • 

Fiscal Year 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

Capital Investment 

during Current Year 

($) 
1,200,000 

2,500,000 

3,000,000 

1,000,000 

500,000 

800,000 

750.000 

850,000 

700,000 

900,000 

2,500,000 

2,700,000 

2,500,000 

2,400,000 

2,900,000 

2,400.000 

2,200.000 

2,800,000 

2,550,000 

(1-0.0202) X 

Infrastructure Assets at 

the End of Prior Year 

(S) 

100,000,000 

99,155,760 

99,602,314 

100,529,747 

99,478.846 

97.959,273 

96,764,336 

95,544,546 

94,447.377 

93,225,400 

92,224,067 

92,810,640 

93,581,325 

94,140,483 

94,590,365 

95,521,060 

95,943,054 

96,160,564 

96,961,561 

Estimated Current 

Infrastructure Assets 

($) 
101,200,000 

101,655,760 

102.602,314 

101,529,747 

99,978,846 

98,759,273 

97,514,336 

96,394.546 

95.147.377 

94.125,400 

94,724,067 

95,510,640 

96,081,325 

96,540,483 

97,490,365 

97,921,060 

98,143,054 

98,960,564 

99.511,561 

Total 35,150,000 
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G A S B 3 4 i s o n l y o n e r e a s o n 
t o c a p i t a l i z e y o u r t r a n s p o r t a t i o n i n f r a s t r u c t u r e 

CAPITALIZING infrastructure; assets hke roads and bridges— 
that is, assigning a dollar value to them—_may be useful 
beyond complying with GASB 34. For example, in addi
tion to providing information that can be useful to infra
structure asset managers and decision makers, capitalizing 
transportation infrastructure may be helpful in garnering 
public and governmental support for transportation infra
structure funding. 

Roads and bridges are intended to last for decades; there
fore, failure to maintain their value saddles future genera
tions with a deficiency they'll have to pay. The argument 
that adequate monies must be spent today to maintain the 
value of infrastructure assets for the next generation has 
proved to be a powerful and effective one. This steward
ship argument has been used with great success by pubhc 
agencies in other countries (e.g., Australia and New 

Zealand) to garner increases in funding for their roads 
and bridges, even when faced with the tough political 
circumstance of a recession. 

Capitalizing roads and bridges allows the pubhc to un
derstand the stewardship issue more clearly. Expressing 
streets' value in dollar terms is generally more meaning
ful to people than expressing their value in engineering 
measures of "condition" or "performance" (e.g., inches 
of roughness per mile, condition indices, or other mea
sures). This is especially true when year-by-year com
parisons are made; the declining dollar value of a city's 
streets is generally more meaningful to the public than, 
for example, a reduction in the streets' condition index 
from 5 to 4. By tracking the dollar value of assets like 
roads and bridges, an agency may clearly demonstrate 
whether infrastructure is declining in value faster than 
new investments or reinvestments are being made. • 

;4̂ V«:i:f frltiijaiir̂ v i^il&hiSAiiyTi '.^•i(i*k'.Y;^"i'Li^?;ii'=^Vj'i!V-J^^i?;-E-''^4-t>^;^^ 

GASB 34 ... continued from page 9 

The example in Table 1 uses 1980 as a base year (as does GASB 34) 
and 100 million dollars as the base value of all transportation infra
structure assets (streets) in a mock Iowa municipality of 50,000 
residents (based on Andrew Lemer's study of typical infrastructure 
investments). Capital investments, expressed in constant dollars, 
are allocated during each subsequent fiscal year; Barbara 
Fraumeni's average depreciation rate for transportation infrastruc
ture assets, 0.0202, is used. To simplify our example, we assume 
no growth in the highway and street network. 

Note that in our example the lower annual capital outlays in the 
mid to late 1980s result in a decline in the value of capital stock 
that continues through the next decade, although the decline is 
arrested through a large increase in capital spending. 

Note also that a total capital investment of over 35 million dollars 
over 19 years is required to maintain the value of existing infra
structure assets at a level somewhat close to the value of those 
assets in 1980. 

CalTrans's approach to valuing infrastructure 
Although employing systems for managing assets, like bridge 
management systems, will generally fulfill GASB 34's modified 
approach requirements for reporting capital assets, such systems 
do not provide a method for capitahzing infrastructure assets. 
CalTrans uses information from its bridge management system to 
derive the bridge infrastructure values required by GASB 34. 

CalTrans manages its bridge network using Pontis (a bridge man
agement system distributed by the American Association of State 
Highway and Transportation Officials). With Pontis, bridge 

inspectors regularly inspect and rate the condition of the various 
elements in each bridge in their network. CalTrans has developed a 
formula for converting the condition ratings for all the elements in 
a bridge into an overall dollar value for the bridge. 

Typically, using Pontis, inspectors rate each element of a bridge 
according to five conditions: protected, exposed, attacked, dam
aged, or failed. CalTrans assigns weights, or factors, to these condi
tions according to their severity, from I (protected) to 0 (failed), 
and determines the cost of failure (replacement cost) for each unit 
(meter, square meter, etc.) of an element. 

CalTrans then uses the following equation to determine the value 
of each bridge element. The formula incorporates both the severity 
factor and the unit failure cost: 

Current element value = quantity in condition state X WF X FC, 

where WF = severity weighting factor 

FC = failure cost of the element (cost to rehabilitate or 
replace a unit of an element if it fails 

Note that a condition factor of 0 (failed) will always result in a 0 
value for that element. 

In Table 2, the formula is applied to determine the current value of 
each element of a bridge. The values of all elements are summed to 
calculate an estimated value for the entire bridge. Note that the 
steel girder has 61 meters rated I (protected), 34 meters rated 0.75 
(exposed), and 5 meters rated 0.5 (attacked). At a replacement 
value of 3,500 dollars per meter, the total current value of the 
girder is 311,500 dollars. To obtain a current, network-level 

GASB 34. . . continued on page 11 
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CASB 34 ... continued from page 10 

estimate of the value of its bridges, CalTrans adds together the 
values of all bridges in its network. 

Summary 
In this article we have briefly summarized two methods for track
ing the value of infrastructure assets. Either method would meet 
the requirements of GASB 34. 

Many engineers and public works directors may view asset man
agement and GASB 34 requirements as merely an academic exer
cise or as an activity that may be handled by their agency's 
financial officer. However, we would urge public works profes
sionals and engineers to become engaged in the financial reporting 
of the value of the infrastructure assets they manage. Valuing assets 
over time (regardless of the method used) reflects how well infra
structure stewardship responsibilities were performed. The out
come could have significant implications on future resources 
allocated to the management of infrastructure. 

The perpetual inventory method (as well as other depreciation-
based methods) is a fairly simple approach to satisfying GASB 34 
requirements. This method, however, provides only very aggre
gate, policy-level information. CalTrans's method, although a 
more complex process, clearly provides information that is more 
useful to infrastructure asset managers and decision makers. The 
CalTrans example demonstrates that the process of capitalizing 
transportation infrastructure assets can be based on sound engi
neering practices, using asset-by-asset condition information to 
build a value estimate for an agency's transportation infrastructure 
network. 
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Table 2 Bridge Valuation Calculation 

Current Element Value 
Element Calculation ($) 

Concrete deck 300 m^ X 0.5 X $600 90,000 

Steel girder ((61 m X 1.0) + (34 m X 0.75) + (5 m X 0.5)1 X $3,500 311,500 

Abutment 24 m X 1.0 X $7,700 184,800 

Column 4 X 1.0 X $9,000 38,000 

Joint seal 24 m X 0.0 X $556 0.00 

^ Total Current Value of Bridge 622,300 

S a l v a g i n g r a i l r o a d f l a t c a r s 
a s l o w - c o s t b r i d g e s 

This article is the first of three exploring bridge replace
ment alternatives. 

DEFICIENT and deteriorating bridges are creating major problems 
for both state and local highway agencies throughout the nation. 
Iowa is no exception. Iowa has significantly more bridges per 
capita than most states, which stresses the available tax dollars for 
implementing needed bridge replacements and repairs. 

According to the 1999 Bridge Inventory in the November 1999 
issue oi Better Roads, 21,057 bridges—nearly 84 percent of Iowa's 
total—are located on Iowa's secondary road system. Of these sec
ondary road bridges, 31 percent are rated as substandard. There
fore, much of the responsibility for bridge replacement falls to 
Iowa's county agencies, making it necessary to develop cost-effi
cient, durable, and easy-to-install options for low-volume roads. 

One possible solution 
Wayne Klaiber, professor of civil and construction engineering at 
Iowa State University (ISU), Terry Wipf, professor of civil and 
construction engineering and bridge engineer at ISU's Center for 
Transportation Research and Education, Jim Witt, county engi
neer for Cerro Gordo and Winnebago counties, and Thomas 
Threadgold, a structural engineering graduate student at ISU, 
conducted a study sponsored by the Iowa Highway Research 
Board on a low-cost bridge alternative that uses salvaged railroad 
flatcars (RRFCs) as bridge superstructure. 

The research team determined that salvaged RRFCs are a "safe and 
feasible bridge alternative" to aid Iowa counties in constructing 
short-span bridges for low-volume roads. 

RRFC BRIDGES .. . Continued on page 12 

Construction of the Tama County RRFC bridge. 
Photo courtesy of rile Tama County engineer's office. 

TECHNOLOGY NEWS ' 1 1 1 JUL-AUG 2000 



Asset Management and GASB 34 -
Challenge or Opportunity? 

Fasten your seatbelts - potholes ahead! Beginning 
next fiscal year, as early as July in some places, 
state and local governments must include the 
value of public infrastructure such as roads and 
bridges in their annual financial statements. The 
accounting rule—a radical change that some 
public officials want to ignore or downplay— 
probably will force state and local governments 
to allocate more money for infrastructure 
preservation. It could also revolutionize how 
infrastructure is financed and managed. 

For too long, public infrastructure has been built 
without regard for the costs and difficulty of 
operations and maintenance (O&M). This is 
because funding and program responsibilities 
have been fragmented between capital and 
maintenance functions. In the 1950s and '60s, the 
federal government limited the use of the 
Highway Trust Fund to new construction. That 
constraint forced state and local governments to 
use their own revenues for maintenance, which 
was often deferred, resulting in the premature 
deterioration of our nation's highways. 

In the late 1970s, the Pennsylvania Avenue 
Redevelopment Corporation restored the 
downtown section of Pennsylvania Avenue in 
Washington, D.C. Once completed, Pennsylvania 
Avenue reverted back to the City for operations 
and maintenance. The restoration project 
included installation of crosswalks using 
individual brick pavers. While aesthetically 
pleasing, these brick pavers were very expensive 
to maintain due to their tendency to move and 
become dislodged, particular during the winter 
months. Eventually the City's Public Works 
Department replaced the brick crosswalks with 
easier-to-maintain poured-in-place concrete that 
simulated the look of bricks. 

This story demonstrates what happens when 
capital improvements are made without regard 
for the costs or difficulty of operations and 
maintenance. In this case, the Redevelopment 
Corporation funded reconstruction, but not 
maintenance. Since long-term upkeep was 
someone else's responsibility, they focused on 
the aesthetics of the project without regard for 
the costs of maintenance. 

Despite increased funds for highway 
rehabilitation and restoration over the past two 
decades, the imbalance in funding between 
capital and maintenance remains. In 2000, all 
levels of government spent almost twice as 
much on capital projects as on O&M. According 
to the Federal Highway Administration 
(FHWA), state transportation agencies used 
60% of highway funds for capital projects, but 
just 18% for O&M. In contrast, local 
governments spent 31% of their highway funds 
on capital projects, and 40% on O&M. 

Preserving our investment in highways means 
taking better care of them. Medical insurers 
recognize that it is cheaper to keep people well 
than treat them after they become sick. Likewise 
asset management maximizes highway service 
performance while minimizing life-cycle costs. 
Asset management encourages infrastructure 
managers to consider trade-offs between 
deferred maintenance and preservation, between 
short-tenn fixes and long-term solutions, and 
between today's costs and tomorrow's benefits. 

The implementation of new governmental 
accounting rules may encourage this approach, hi 
June of 1999, the Governmental Accounting 
Standards Board (GASB) approved new financial 
reporting requirements that will encourage state 
and local agencies to become better stewards of 
their infi-astructure. GASB is a private, non-profit 
organization that defines "generally accepted 
accounting principles" for state and local 
governments. Statement No. 34: Basic Financial 
Statements—and Management's Discussion 
and Analysis^br State and Local 
Governments, requires state and local 
governments to include long-lived infrastructure 
assets in their annual financial statements as 
early as fiscal year 2002. GASB 34 also requires 



state and local governments to value 
infrastructure either by depreciating it or by 
reporting on the cost and consequences of 
preserving it using a "Modified Approach". 
Members of AASHTO proposed this alternative 
approach, based on the concepts of asset 
management. They argued that governments that 
preserved their infrastructure should not have to 
depreciate these assets. 

By illuminating what has traditionally been 
considered merely a sunk cost, GASB 34 ought 
to radically change the way infrastructure is 
financed, documented, and ultimately managed. 
Its infrastructure-reporting requirements ought to 
promote fiscal accountability and asset 
management of public infrastructure, including 
highways. Since state and local governments will 
be held accountable for how they manage 
infrastructure, they will not be allowed to simply 
wait as in the past for federal funds to finance 
replacements of deteriorating infrastructure. 

But we need to encourage public officials to 
apply GASB 34 in the most beneficial way by 
applying the Modified Approach to infrastructure 
reporting. However, public officials may hesitate 
to embrace this approach, favoring depreciation-
based reporting as an easier way to achieve 
compliance with GASB 34. Facing tenn limits, 
these officials may balk because of the long 
timeframe needed to demonstrate the benefits of 
asset management. 

LONGER-LASTING INFRASTRUCTURE WITH ASSET MANAGEMENT 
Dflfarrad Malnlflninc« 

Dalariorallon Curva 
Pivvsntiva Malntenanca 

OalaHorallon Curva 

4W^4»J^. '^•i.^ 

We need to demonstrate the sizable cost savings 
of asset management when applied to 
infrastructure (illustrated by the chart above), and 
educate public officials regarding the many 
advantages of preserving infrastructure. GASB 
34 establishes a major impetus for this, while 
also providing a basis for private sector 

involvement in financing infrastructure renewal. 
Such private-sector involvement is needed 
because traditional sources of highway funding 
cannot keep pace with the needs. With improved 
vehicle fuel efficiency and development of 
alternative power sources, the gasoline tax could 
soon become obsolete. GASB 34 may alert 
investors to potential opportunities for new 
highways, by providing a better assessment of 
what infrastructure needs replacing and by when. 
These reports may also encourage the public 
sector to take better care of existing facilities, 
therefore motivating investors to seize public-
private partnership opportunities. On-going 
expenditures on preservation will avoid defeiTed 
maintenance and the high costs of premature 
asset replacement. 

GASB 34 promises to make asset management 
more than a management fad. Ideally, it will 
influence all aspects of highway development 
and preservation, from planning, design and 
construction to maintenance, rehabilitation and 
disposal. But we may need to encourage public 
officials to implement GASB 34 in a meaningful 
way, accounting more carefully for the true 
costs of deferring repairs to the nation's 
highway infrastructure and promoting 
preservation of these assets. 

Daniel Doman is a vice president at 
Infrastructure Management Group, Inc., in 
Bethesda, Maryland, and focuses on providing 
asset management services. He may be e-mailed 
at ddoman@imggroup.com or called at (301) 
907-2900, Extension 3016. 
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Viewpoints 

Why Infrastructure Reporting? 
by Terry K. Patton and Penny S. Wardlow 

Q. Why report and depreciate infrastructure assets? 

A. Many people have asserted that general governmental 
infrastructure should not be capitalized because, in their view, 
reporting historical costs provides little useful information to readers 
of governmental financial statements. Many financial statement 
users disagree. For example, they use the historical cost and 
accumulated depreciation of water and sewer systems to estimate 
the age of the assets and to consider a government's need to 
replace or rehabilitate their systems. These users have indicated 
that they would make similar assessments for other major 
governmental infrastructure assets—for example, roads, highways, 
bridges, dams, and tunnels—if the information was currently 
available in governments' financial reports. Users' interest in 
additional infrastructure information is summarized in these 
comments from user groups: 

As intensive users of financial information, we believe that 
infrastructure reporting is an essential element in improving 
the accountability of governments to their citizens by 
providing better, more accessible information about the 
condition and costs of state and local capital assets. [Excerpt 
from Governmental Research Association's (GRA) letter to 
the Board dated May 1,1999. The GRA is a national 
organization of individuals professionally engaged in 
governmental research.] 

By their nature, most municipal bonds finance "capital assets" 
and, as such, the relevance of this information to public 
finance professionals is paramount. [Excerpt from National 
Federation of Municipal Analysts' (NFMA) letter to the Board 
dated May 17, 1999. The NFMA is a national organization of 
research analysts who evaluate credit and other associated 
risks of tax-exempt securities.] 

One of the main goals of the government-wide statements is to 
provide information about the cost o.f government sen/ices. Cost of 
services includes the consumption of all resources used in providing 
services—capital as well as financial resources. Capital resources 
include not only buildings and machinery, but also roads and 
highways. Without these assets, it would be difficult, if not 
impossible, to provide most government services. Any effort to 
inform citizens and other users about the cost of government 
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services will fall seriously short unless the cost of using capital 
assets, including infrastructure, is included in annual computations. 
The capitalization of all assets, including infrastructure, is necessary 
because without capitalization asset costs cannot be properly 
allocated to the periods when the assets are used to provide 
sen/ices. The alternatives to capitalization and depreciation are to 
expense the entire cost of the assets when they are acquired, when 
they are paid for, or when they are retired. These approaches distort 
the cost of services—and, by extension, operating results—in those 
periods (for example, the period acquired) as well as in each period 
that the assets are used. 

Q. Will an option to depreciation accounting be allowed? 

A. Yes. In the Exposure Draft, the Board proposed requiring 
governments to depreciate all capital assets, including infrastructure 
assets. Some respondents to the Exposure Draft believe that 
citizens or other users of governmental financial statements are 
more concerned about the condition or cost of maintaining 
infrastructure assets than about an annual depreciation charge. The 
Board was sympathetic to these arguments and began to explore a 
"preservation" approach for reporting infrastructure assets that 
would allow governments to report a cost-of-use charge that would 
represent an asset's loss of serviceability instead of charging 
depreciation expense. 

In considering such a preservation approach, the Board examined 
some of the asset management systems that many governments 
use as a tool to manage their infrastructure assets (particularly 
roads and bridges). These systems require governments to 
periodically assess the condition of their infrastructure assets. The 
Board believes that most governments that have invested in asset 
management systems intend to preserve their infrastructure assets 
at a condition level that would result in a relatively small 
depreciation expense. Therefore, the Board decided to permit 
entities to report infrastructure assets using a modified approach. 
The modified approach allows governments not to report 
depreciation expense for eligible infrastructure assets if (a) the 
government manages the eligible infrastructure assets using an 
asset management system that possesses certain characteristics 
and (b) it can document that the eligible infrastructure assets are 
being preserved approximately at (or above) a condition level set 
(and disclosed) by the government. Governments that use the 
modified approach would be required to expense all spending on 
infrastructure assets except for additions and improvements. 

Q. Will "ought-to-be" amounts be'recorded as expenses ifthe 
modified approach is used to account for infrastructure 
assets? 

A. No. "Ought-to-be" amounts will not be recorded as expenses. 
The Board explored one "preservation" approach to accounting for 
infrastructure assets that might have allowed recording deferred 
maintenance amounts instead of depreciation expense under 
certain circumstances. However, the Board's intent has always been 
to report an amount in the operating statement that represents the 
loss in service potential of an infrastructure asset. The Board 
recognizes that the state of the art for asset management systems 
has not evolved to a point that allows for the reliable reporting of 
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these amounts and realizes that further research is necessary. 
Therefore, the Board has adopted a modified approach to 
accounting for infrastructure assets, which requires expensing all 
spending on infrastructure assets except for additions and 
improvements. The modified approach would also require disclosure 
of the assessed condition of infrastructure assets and the estimated 
amount needed compared to the actual amounts expensed for 
maintaining/preserving infrastructure assets. 

Q. Because of the cost to obtain infrastructure information, why 
can't all governments include it prospectively rather than 
retroactively? 

A. In the Preliminary Views document, the Board had proposed that 
infrastructure be reported on a prospective basis with additional 
capitalization required when related debt was outstanding. However, 
based on issues raised by respondents, the Board reexamined the 
effects of this approach and concluded that omitting depreciation 
expense for existing major general government infrastructure could 
significantly understate the cost of services until the noncapitalized 
portion of the existing infrastructure had undergone major renovation 
or was replaced. For many governments, this could be 20 or 30 
years. Therefore, in the Exposure Draft, the Board proposed 
retroactive reporting of major general governmental infrastructure 
assets. 

The Board believes that retroactive reporting of these assets, even if 
based on estimated historical cost, will result in better cost-of-service 
and financial position information than prospective reporting. 
However, the Board is concerned about the implementation cost of 
retroactively reporting major general governmental infrastructure 
assets and has taken steps to minimize these costs. The Board will 
describe simpler and less costly approaches to estimate historical 
cost in the Statement and the Implementation Guides (see next 
question). Although the Board will encourage a//governments to 
report their infrastructure assets retroactively, the Board will allow 
governments with less than $10 million in revenues for their first 
fiscal year ending after June 30, 1999, to report prospectively. To 
decrease the burden of implementation on larger governments, the 
Board decided to increase the period for capitalizing existing major 
general governmental infrastructure to four years beyond the period 
for other model requirements for governments with total revenues of 
$10 million or more in their first fiscal year ending after June 30, 
1999. 

Q. At transition, how can I determine the cost of my 
infrastructure assets? 

A. The Statement will provide options for the initial capitalization of 
major general governmental infrastructure assets, using historical 
cost or estimated historical cost if actual cost records are not 
available. Bond documents associated with capital projects, 
expenditure records of capital projects funds, and engineering 
documents are possible source documents for establishing initial 
costs. Practitioners may estimate historical cost by calculating 
current replacement cost and adjusting for price-level changes by 
using indexes. 

For example, assume that in 1998 a local government has 65 lane-
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miles of roads in a secondary road subsystem. Ifthe current 
construction cost of similar roads is $1 million per lane-mile, the 
estimated total current replacement cost of the secondary road 
subsystem is $65 million ($1 million x 65). Ifthe roads have an 
estimated weighted-average age of 15 years, 1983 is considered to 
be the acquisifion year. Based on the U.S. Department of 
Transportafion, Federal HighwayAdministration's Price Trend 
Information for Federal-Aid Highway Construction (publication 
number FHWA-IF-99-001) for 1983 and 1998, 1983 construction 
costs were about 69 percent of 1998 costs. The estimated historical 
cost of the subsystem, therefore, is $44.9 million ($65 million x 
0.69). This government would report the subsystem in its financial 
statements at that amount, less any accumulated depreciation. 

Q. Why shouldn't current replacement cost be allowed for the 
initial recording of infrastructure assets? 

A. The Board believes that reporting infrastructure assets and a 
charge for their use is essential for readers of financial statements to 
be able to assess a government's financial position and cost of 
providing services. The Board considered allowing the initial 
recording of infrastructure assets at current replacement cost, but 
was concerned that the reported amount would not provide relevant 
information to users in subsequent years unless it was updated 
annually. This could be a costly process. Also, reporting 
infrastructure assets at current replacement cost could significantly 
inflate the initial amount reported for capital assets and, 
subsequently, depreciation expense. This would make it difficult for 
users to assess a government's financial position and cost of 
providing services. 

Current replacement cost represents the amount in today's dollars 
necessary to construct assets similar to those owned by the 
government. Based on one index of construction costs, the cost of 
building roads tripled from 1973 to 1998. Therefore, a government 
that had historical cost records showing the cost of constructing its 
roads in 1973 at $1 million would report the cost of the same roads 
at $3 million if it based its initial recording of infrastructure assets in 
1998 on current replacement costs instead of historical costs. In this 
example, reporting infrastructure assets at current replacement 
costs would initially inflate flnancial position and would result in an 
inflated annual depreciation charge. 

Q. How far back does a government need to go to record its 
existing infrastructure assets? 

A. The Board believes it may be impractical to require capitalization 
of all existing infrastructure because many governments have 
infrastructure that was put into use 50 or 100 years or more ago. 
When considering the cost of developing information compared to 
the benefits derived from more accurate cost-of-services 
information, the Board concluded that going back 25 years would 
achieve an appropriate balance for two reasons. First, during the 
initial deliberations, the proposed effective date for retroactive 
reporting was approximately 25 years after the effective date of 
NCGA Statement 1. That Statement requires governments to 
maintain an inventory of all of their capital assets beginning in fiscal-
year 1981. Although most governments should have the inventory 
information that they need to implement the infrastructure provisions 
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of the new standards, the Board recognizes that many governments 
did not implement this provision because government infrastructure 
reporting was optional at that time. Secondly, the Board's research 
indicates that capitalizing an estimate of costs incurred more than 
25 years ago is not likely to significantly change the cost of services, 
operating results, and financial position of most governments after 
transition. 
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"The New Financial Reporting Model for Local 
Government" 

The Comptroller's office has established this Web site to assist local 

governments in the implementation of the Governmental Accounting Standards 

Board (GASB) Statement No. 34, Basic Financial Statements and Management's 

Discussion and Analysis for State and Local Governments. 

Note: The legislature passed a law stating that counties with a population of 
greater than 190,000 are required to implement GASB Statement No. 34. 
However, all counties are required to implement GASB 34 to be in compliance 
with generally accepted accounting principles (GAAP). GASB 34 paragraph 
143 defines the effective date for implementation in three phases, as stated 
below: 

• Phase 1 governments - with total annual revenues of $100 million or 
more - should apply the requirements of this Statement in financial 
statements for periods begirming after June 15, 2001. 

• Phase 2 governments - with total annual revenues of $ 10 million or more 
but less than $ 100 million - should apply the requirements of this 
Statement in financial statements for periods beginning after June 15, 
2002. 

• Phase 3 governments - with total annual revenues of less than $10 
million - should apply the requirements of this Statement in financial 
statements for periods beginning after June 15,2003. 

The requirements of this statement are effective in three phases based on a 
goverrmient's total annual revenues in the first fiscal year ending after June 15, 
1999. 
The new requirements now require governments to report infrastructure and 
depreciate their capital assets. Preexisting "major" infrastructure assets purchased, 
constructed, or donated in fiscal years ending after June 30, 1980, or that received 
major renovations, restorations, or improvements during that period and not 
already reported on your financial statements will have to be reported at historical 
cost. However, GASB is allowing governments with less than $10 million in 



revenues for their first fiscal year ending after June 30, 1999, to report 
infrastructure prospectively to decrease the burden of implementation. 

If actual historical cost data is unavailable for your infrastructure, the 

historical cost will have to be estimated by calculating the current 

replacement cost of a similar asset and deflating the cost through the use 

of price-level indexes to the acquisition year. To assist you in deflating the 

cost to the acquisition year, we are providing the Inflation/Deflation 

(reverse indexing calculator). 

The Texas Department of Transportation (TxDot) has calculated the historical 
cost for each bridge owned by a city or county in Texas using a database 
maintained by the TxDot bridge division. To view the bridge historical cost 
information, select one of the following sorts. 

Bridges by County at http://www3.cpa.state.tx.us/bridges.nsf 

Bridges by City at 

http://www3.cpa.state.tx.us/bridges.nsf/Bridges+by+City?OpenView 

Bridges by Type at 

http://www3.cpa.state.tx.us/bridges.nsf/Bridges+by+Type?OpenView 

Bridges by Year of Construction at 

http://www3.cpa.state.tx.us/bridges.nsf/Bridges+by+Year?QpenView 

http://www3.cpa.state.tx.us/bridges.nsf
http://www3.cpa.state.tx.us/bridges.nsf/Bridges+by+City?OpenView
http://www3.cpa.state.tx.us/bridges.nsf/Bridges+by+Type?OpenView
http://www3.cpa.state.tx.us/bridges.nsf/Bridges+by+Year?QpenView


Consumer Price Index (CPl) Conversion Factors 1800 to estimated 2013 to Convert to Dollars of 2002 

To convert dollars of any year to dollars of the year 2002, DIVIDE the dollar amount 
from that year by the conversion factor (CF) for that year 

For example, $1000 dollars of 1925 = $10,309 dollars of 2002 ($1000 / 0.097) 

Data series since 1912 have changed periodically, so numbers are not all precisely comparable 
Therefore, it is recommended that numbers be rounded to no more than three decimal places. 

For example, $10,309 in the example above becomes $10,300. For years prior to 1913, 
using two decimal places is recommended, e.g. $10,309 becomes $10,000 (two decimals) 

Note: To reverse the process, that is, to determine what a 2002-dollar amount would be in dollars of another 
year, simply multiply the year 2002 amount by the conversion factor for that year. For example, $1000 
dollars of 2002 would be $78 in 1940 ($1000 x 0.078 = $78), again rounded to 3 or 2 decimal places. 

Year 
1800 

1801 

1802 

1803 

1804 

1805 

1806 

1807 

1808 

1809 

1810 

1811 

1812 

1813 

1814 

1815 

1816 

1817 

1818 

1819 

1820 

1821 

1822 

1823 

1824 

1825 

1826 

1827 

1828 

1829 

1830 

1831 

1832 

1833 

1834 

1835 

1836 

1837 

1838 

1839 

CF 
0.073 

0.074 

0.062 

0.066 

0.068 

0068 

0.071 

0.067 

0.073 

0.071 

0.071 

0,076 

0.077 

0.092 

0.102 

0.089 

0.081 

0.077 

0,074 

0.074 

0.088 

0.066 

0.068 

0.061 

0.056 

0.057 

0.057 

0.058 

0.055 

0.054 

0.0S3 

0.050 

0.049 

0.049 

0.049 

0.051 

0.054 

0.056 

0.054 

0.054 

Year 
1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 

1850 

1851 

1852 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1856 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

CF 
0.050 

0.051 

0.047 

0.043 

0.043 

0.044 

0.044 

0.048 

0.046 

0.044 

0.045 

0.044 

0.045 

0.045 

0.049 

0.050 

0.049 

0.051 

0.048 

0.048 

0.048 

0.051 

0.058 

0.073 

0.091 

0.094 

0.092 

0.086 

0.082 

0.079 

0.076 

0.071 

0.071 

0.069 

0.066 

0.063 

0.062 

0.061 

0.058 

0.058 

Year 
1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

CF 
0.059 

0.059 

0.059 

0.058 

0.057 

0.056 

0.054 

0.055 

0.055 

0.053 

0.052 

0.052 

0.052 

0.052 

• 0.049 

0.049 

0.049 

0.048 

0.048 

0.048 

0.049 

0.049 

0.049 

0.051 

0.052 

0.051 

0.052 

0.054 

0.053 

0.052 

0.055 

0.055 

0.055 

0.055 

0.056 

0.056 

0.061 

' 0,071 

0,084 

0,096 

Year 
1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

CF 
0.111 

0.099 

0.093 

0.095 

0.095 

0.097 

0.098 

0.097 

0.095 

0.095 

0.093 

0.084 

0.076 

0.072 

0.074 

0.076 

0.077 

0.080 

0.078 

0.077 

0.078 

0.082 

0.091 

0.096 

0.098 

0.100 

0.108 

0.124 

0.134 

0.132 

0.134 

0.145 

0.147 

0.148 

0.150 

0.149 

0.151 

0.156 

0.161 

0.162 

Year 
I960 

1961 

1962 

1963 

1964 

1965 

1966 

1957 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

CF 
0.165 

0.166 

0.168 

0.170 

0.172 

0.175 

0.180 

0.186 

0.193 

0.204 

0.216 

0.225 

0.232 

0247 

0.274 

0.299 

0.316 

0.337 

0.362 

0.404 

0.458 

0.505 

0.536 

0.554 

0.578 

0.598 

0.609 

0631 

0.658 

0.689 

0.727 

0.757 
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0.803 
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0.872 
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1.118 

1.145 

1.174 
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1,233 

1.264 

1.296 
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PAVEMENT PRESERVATION GLOSSARY OF TERMS 

Adhesion - Bond between a sealant material and the crack or joint sidewall or the bond 
between asphalt cement and aggregate. 

Agency Costs - See Annual Costs 

Aggregate Interlock - The projection of aggregate particles or portions of aggregate particles 
from one side of a joint or crack in concrete into recesses in the other side of the joint 
or crack so as to affect load transfer in compression and shear and maintain mutual 
alignment. 

Alligator Cracking - A series of interconnecting cracks in an asphalt pavement surface 
forming a pattern that resembles an alligator's hide or chicken wire. In its early stages, 
alligator cracking may be characterized by a single longitudinal crack in the wheel path. 
The cracks indicate fatigue failure of the surface layer generally caused by repeated 
traffic loadings. Hence, the term fatigue cracking is also used. 

Analysis Period - The period of time used in making economic comparisons between 
rehabilitation alternatives. The analysis period should not be confused with the 
pavement's design life (performance period). 

Annual Costs - Any costs associated with the annual maintenance and repair of the facility. 

Application Temperature - The manufacturer's recommended temperamre to be used when 
installing sealants, asphalts or emulsions. For hot-applied sealants, asphalts and 
emulsions, the application temperature is any temperature between the minimum 
application temperature and safe heating temperature. 

Asphalt Paving (AC) - Pavements constructed of Hot Mix Asphalt Concrete or multiple 
layers of asphalt and rock. 

Asphalt Tack Coat - A light application of asphalt, usually asphalt emulsion diluted with 
water. It is used to ensure a bond between two bituminous pavement layers. 

Asset Management - A systematic process of maintaining, upgrading, and operating physical 
assets cost-effectively. It combines engineering principles with sound business practices 
and economic theory, and it provides tools to facilitate a more organized, logical 
approach to decision-making. Thus, asset management provides a frame work for 
handling both short and longtrange planning. 

Backer Material - A compressible material that is placed in joints or cracks before applying 
sealant to prevent bonding of the sealant on the bottom of the joint, control sealant 
depth, and prevent sagging of the sealant. 
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Bituminous Pavement - A pavement comprising an upper layer or layers of aggregate mixed 
with a bituminous binder, such as asphalt, coal tars, and natural tars for purposes of 
this terminology; surface treatments such as chip seals, slurry seals, sand seals, and 
cape seals are also included. • 

Bleeding - Excess asphalt binder occurring on the pavement surface. The bleeding may create 
a shiny, glass-like surface that may be tacky to the touch. Bleeding is usually found in 
the wheel paths. 

Block Cracking - A rectangular pattern of cracking in asphalt pavements that is caused by 
hardening and shrinkage of the asphalt. Block cracking typically occurs at a uniformly 
spaced interval. 

Blow-up - Buckling and shattering of PCC pavement resulting from thermal expansion and the 
resultant compressive forces exceeding the strength of the material. 

Bond Breaker - Any material used to prevent bonding or to separate adjacent pavement 
layers. Thin bituminous layers are often used as bond breaker layers between a concrete 
pavement and an unbonded concrete overlay. 

Bonded Concrete Overlay - Increase in the pavement structure of a concrete pavement by 
addition of concrete thickness in direct contact with and adhering to the existing 
concrete surface. May be used to correct either functional or structural deficiencies. 

Brick Pavement (BR) - Pavement surface constructed of brick or concrete pavers. 

Break - The process in the curing of an asphalt emulsion by which the globules of asphalt 
become separated from the water. The color of the emulsion will change from brown to 
black during the break process. 

California Profilograph - Rolling straight edge tool used for evaluating pavement profile 
(smoothness) consisting of a 7.5m (25-ft) frame with a sensing wheel located at the 
center of the frame that senses and records bumps and dips on graph paper or in a 
computer. 

Cape Seal - A surface treatment that involves the application of slurry seal to a newly 
constructed surface treatment or chip seal. Cape seals are used to provide a dense, 
waterproof surface with improved skid resistance and ride quality. 

Carbide Milling - Surface removal or sawing done with a carbide-milling machine. Machine 
uses a blade or arbor equipped with carbide-tipped teeth that impact and chip concrete 
or asphalt. 

Chemically Curing Sealant - A material that reaches its final properties through the reaction 
of the component materials when mixed. 
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Chip Seal - A surface treatment in which the pavement is sprayed with asphalt (generally 
emulsified) and then immediately covered with aggregate and rolled. Chip seals are 
used primarily to seal the surface of a pavement with non load-associated cracks and to 
improve surface friction, although they also are commonly used as a wearing course on 
low volume roads. 

Cohesion - The internal bond within a joint sealant material. Cohesion loss is seen as a 
noticeable tear along the surface and through the depth of the sealant. 

Cold Applied Sealant - A crack-sealing compound that is applied in an unhealed state 
(generally at ambient temperature) and then reaches final properties through a curing 
process. 

Cold In-Place Recycling (CIR) - A process in which a portion of an existing bituminous 
pavement is pulverized or milled, and then the reclaimed material is mixed with new 
binder and, when needed, virgin aggregates. The binder used most often is emulsified 
asphalt with or without a softening agent. The resultant blend is placed as a base for a 
subsequent overlay or surface treatment. 

Cold Milling - A process of removing pavement material from the surface of the pavement 
either to prepare the surface to receive overlays (by removing rutting, and surface 
irregularities) or to restore pavement cross slopes and profile. Also used to remove 
oxidized asphalt concrete. [Also, see carbide milling.] 

Compressible Insert - Material used to separate freshly placed concrete (such as from a 
partialdepth or full-depth repair) from existing hardened concrete. This usually consists 
of a 12-mm (0.5 in) thick Styrofoam or compressed fiber material that is impregnated 
with asphalt. 

Concrete - See Portland Cement Concrete 

Construction Joint - A joint constructed in a transverse direction in PCC pavements to 
control cracking of the slab as it cures. Highway construction joints are created by 
sawing the concrete. 

Continuously Reinforced Concrete Pavement (CRCP) - PCC pavement constructed with 
sufficient longitudinal steel reinforcement to control transverse crack spacings and 
openings in lieu of transverse contraction joints for accommodating concrete volume 
changes and load transfer. 

Contract Maintenance - The range of contracting methods and vehicles used by public 
transportation agencies to accomplish maintenance programs and supplement activities 
which may be performed in-house. Contracts may be activity based where the agency 
provides specifications and compensation is either on a lump sum or unit price basis; or 
performance based, long term total asset management contracting which requires the 
contractor to provide turn-key maintenance to an established level of service. 
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Corner Break - A portion of a concrete slab separated by a crack that intersects the adjacent 
transverse or longitudinal joints at about a 45° angle with the direction of traffic. The 
length of the sides is usually from 0.3 meters (1 ft) to one-half of the slab width on each 
side of the crack. 

Corrective Maintenance - Maintenance performed once a deficiency occurs in the pavement; 
e.g., pothole filling, or spall .repair. 

CPR (Concrete Pavement Restoration) - A series of repair techniques used to preserve or 
improve the structural capacity or functional characteristics of a PCC pavement. CPR 
techniques each have a unique purpose to repair or replace a particular distress (kind of 
deterioration) found in PCC pavement and to manage the rate of deterioration. CPR 
techniques include: 

• Full-depth repair 
• Partial-depth repair 
• Diamond grinding 
• Joint and crack resealing 
• Slab stabilization 
• Dowel Bar Retrofit 
• Cross-stitching cracks or longitudinal joints 
• Retrofitting concrete shoulders 
• Retrofitting edge drains 

Crack - A fissure or discontinuity of the pavement surface, not necessarily extending through 
the entire thickness of the pavement. Generally, cracks are found after initial 
construction of the pavement and may be caused by thermal effects, excess loadings, or 
excess deflections. 

Crack Filling - The placement of materials into non-working cracks to substantially reduce the 
intrusion of incompressible particles and infiltration of water, while also reinforcing the 
adjacent pavement. Crack filling should be distinguished from crack sealing (see 
below). 

Crack Sealing - A maintenance procedure that involves placement of specialized materials 
into working cracks using unique configurations to reduce the intrusion of 
incompressible particles into the crack and to prevent infiltration of water into the 
underlying pavement layers. (See Working Crack.) 

Cross Stitching - A repair method that involves the drilling of holes diagonally across a crack 
in PCC pavement into which steel reinforcement bars are inserted and epoxied in place. 
The holes are alternated from side to side of the crack on a pre-determined spacing. 
This technique is generally used for longitudinal cracks that are still in no worse flian 
fair condition. Cross-stitching increases slab integrity by adding steel reinforcement to 
hold the crack together. 
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Cure - A period of time following placement and finishing of a material such as concrete 
during which desirable engineering properties (such as strength) develop. Improved 
properties may be achieved by controlling temperature or humidity during curing. 

Curing - The maintenance of a satisfactory moisture content and temperature in concrete 
during its early stages so that desired properties may develop. 

Curing Blanket - A built-up covering of burlap sacks, matting, straw, waterproof paper, or 
other suitable material placed over freshly finished concrete. 

Curing Compound - A liquid that can be applied as a coating to the surface of newly placed 
concrete to retard the loss of water, or in the case of pigmented compounds, also to 
reflect heat so as to provide an opportunity for the concrete to develop its properties in 
a favorable temperature and moisture environment. See also Curing. 

Dense-Graded Asphalt Pavement - An overlay or surface course consisting of a mixture of 
asphalt binder and a well-graded (also called dense-graded) aggregate. A well-graded 
aggregate is uniformly distributed throughout a full range of sieve sizes. (Also see Hot 
Mix Asphalt) 

Depression - Localized pavement surface areas at a lower elevation than the adjacent paved 
areas. 

Design Life - The expected life of a pavement from its opening to traffic until structural 
rehabilitation is needed. The typical reporting of pavement design life does not include 
the life of the pavement with the application of preventive maintenance. (See also 
Analysis Period and Performance Period.) 

Diamond Grinding - A process that uses a series of diamond-tipped saw blades mounted on a 
shaft or arbor to shave the upper surface of a pavement to remove bumps, restore 
pavement rideability, and improve surface friction. (See also CPR) 

Discount Rate - The rate of interest reflecting the investor's time value of money used to 
determine discount factors for converting benefits and costs occurring at different times 
to a baseline date. Discount rates can incorporate an inflation rate depending on 
whether real discount rates or nominal discount rates are used. The discount rate is 
often approximated as the difference between the interest rate and the inflation rate. 

Dowel - Most commonly a plain round steel bar (usually coated, such as with paint or epoxy), 
which extends into two adjoining slabs of a PCC pavement at a transverse joint placed 
parallel to the center line so as to transfer shear loads. 

Dowel Bar Retrofit - A rehabilitation technique that is used to increase the load transfer 
capability of existing jointed PCC pavements by placement of dowel bars across joints 
and/or cracks that exhibit poor load transfer. (See also CPR) 
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Emulsified Asphalt - A liquid mixmre of asphalt binder, water, and an emulsifying agent. 
Minute globules of asphalt are suspended in water by using an emulsifying agent. These 
asphalt globules are either anionic (negatively charged) or cationic (positively charged). 

Equivalent Uniform Annual Cost (EUAC) - The net present value of all discounted cost and 
benefits of an alternative as if they were to occur uniformly throughout the analysis 
period. Net Present Value (NPV) is the discounted monetary value of expected benefits 
(i.e., benefits minus costs). 

Fatigue Cracking - See Alligator Cracking. 

Faulting - Differential vertical displacement of a slab or other member adjacent to a joint or 
crack. Faulting commonly occurs at transverse joints of PCC pavements that do not 
have adequate load transfer. 

Fiber Modified Sealant - Generally a hot-applied sealant that is composed of unmodified or 
modified asphalt cement and heat resistant polymeric fibers and is used for sealing 
cracks in asphalt concrete pavements. 

Fog Seal - A light application of slow setting asphalt emulsion diluted with water and without 
the addition of any aggregate applied to the surface of a bituminous pavement. Fog 
seals are used to renew aged asphalt surfaces, seal small cracks and surface voids, or 
adjust the quality of binder in newly applied chip seals. 

Free Edge - An unrestrained pavement boundary. 

Fuel Resistant Sealant - A joint or crack sealant compound that is resistant to and maintains 
serviceability after being exposed to fuel or other petroleum products. 

Full-Depth Patching - Removal and replacement of a segment of pavement to the level of the 
subgrade in order to restore areas of deterioration. May be either flexible or rigid 
pavement. 

Functional Performance - A pavement's ability to provide a safe, smooth riding surface. 
These attributes are typically measured in terms of ride quality (see International 
Roughness Index) or skid resistance (see International Friction Index). 

Grinding Head - Arbor or shaft containing numerous diamond blades or carbide teeth on 
diamond grinding or cold milling equipment. 

Grooving - The process used to cut slots into a pavement surface (usually, although not 
always, PCC) to provide channels for water to escape beneath tires, improving skid 
resistance and reducing the potential for hydroplaning. 

Heater ScariHcation - The initial phase of a hot in-place recycling (HIR) process in which the 
surface of the old pavement is heated and mechanically raked before being removed and 
recycled. 
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Hot Air Lance - A device that uses heated compressed air to clean, dry, and warm cracks 
prior to sealing. 

Hot Applied Sealant - A crack or joint sealing compound that is applied in a molten state and 
cures primarily by cooling to ambient temperature. 

Hot In-PIace Recycling (HIR) - A process which consists of softening the existing asphalt 
surface with heat, mechanically removing the surface material, mixing the material with 
a recycling agent, adding virgin asphalt and aggregate to the material (if required), and 
then replacing the material on the pavement. 

Hot Mix Asphalt Concrete (HMAC or HMA) - A thoroughly controlled mixture of asphalt 
binder and well-graded, high quality aggregate thoroughly compacted into a uniform 
dense mass. HMAC pavements may also contain additives such as anti-stripping agents 
and polymers. 

Hydroplaning - Loss of contact between vehicle tires and roadway surface that occurs when 
vehicles travel at high speeds on pavement surfaces with standing water. 

Initial Costs - All costs associated with the initial design and construction of a facility, 
placement of a treatment, or any other activity with a cost component. 

International Friction Index (IFD - A measure of pavement macrotexture and wet pavement 
friction at 60 miles per hour determined using measured friction at some test speed and 
macrotexture determined using ASTM E-965 or ASTM E-1845. 

International Roughness Index (IRI) - A measure of a pavement's longitudinal surface 
profile as measured in the wheelpath by a vehicle traveling at typical operating speeds. 
It is calculated as the ratio of the accumulated suspension motion to the distance 
traveled obtained from a mathematical model of a standard quarter car traversing a 
measured profile at a speed of 80 km/h (50 mph). The IRI is expressed in units of 
meters per kilometer (inches per mile) and is a representation of pavement roughness. 

Joint - A pavement discontinuity made necessary by design or by interruption of a paving 
operation. 

Joint Depth - The measurement of a saw cut from the top of the pavement surface to the 
bottom of the cut. 

Joint Deterioration - See Spalling. 

Joint Filler - Compressible material used to fill a joint to prevent the infiltration of debris. 

Joint Sealant - Compressible material used to minimize water and solid debris infiltration into 
the sealant reservoir and joint. 
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Joint Seal Deterioration - Break down of a joint or crack sealant, such as by adhesion or 
cohesion loss, which contributes to the failure of the sealant system. Joint seal 
deterioration permits incompressible materials or water to infiltrate into the pavement 
system. 

Joint Shape Factor - Ratio of the vertical to horizontal dimension of the joint sealant. Factor 
can vary depending on type of sealant specified. 

Jointed Plain Concrete Pavement (JPCP) - PCC pavement constructed with regularly spaced 
transverse joints to control all natural cracks expected in the concrete. Dowel bars may 
be used to enhance load transfer at transverse contraction joints (depending upon the 
expected traffic); however, there is no mid-slab temperature reinforcement. 

Jointed Reinforced Concrete Pavement (JRCP) - Portland cement concrete pavement 
containing regularly spaced ttansverse joints and embedded steel mesh reinforcement 
(sometimes called distributed steel) to control expected cracks. Steel mesh is 
discontinued at transverse joint locations. Dowel bars are normally used to enhance 
load transfer at transverse joints. The transverse joint spacing of JRCP is typically 
longer than the joint spacing of JPCP. 

Lane-to-Shoulder Dropoff- (highways, roads and streets only) Difference in elevation 
between the traveled surface and the shoulder surface. 

Life Cycle Costing - An economic assessment of an item, system, or facility and competing 
design alternatives considering all significant costs of ownership over the economic life, 
expressed in terms of equivalent dollars. 

Life Extension - The extension of the performance period of the pavement through the 
application of pavement treatments. 

Load-Transfer Assembly - Most commonly, the basket or carriage designed to support or 
link dowel bars in the desired alignment during jointed PCC pavement construction. 

Load Transfer Efficiency - A measure of the ability of a joint or crack to transfer a portion of 
a load applied on one side of a joint or crack to the other side of the joint or crack. 

Longitudinal Crack - A crack or discontinuity in a pavement that runs generally parallel to 
the pavement centerline. Longitudinal cracks may occur as a result of poorly 
constructed paving lane joints, thermal shrinkage, inadequate support, reflection from 
underlying layers, or as a precursor to fatigue cracking. Longitudinal cracking that 
occurs in the wheel path is generally indicative of alligator cracking. 

Longitudinal Joint - A constructed joint in a pavement layer that is oriented parallel to the 
pavement centerline. 
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Low Modulus Sealant - A joint or crack sealing material, which is less stiff at low 
temperatures than standard grade sealants. 

Maximum Heating Temperature - The maximum temperature, as recommended by the 
manufacturer, to which a hot-applied joint or crack sealant can be heated while 
conforming to all specification requirements and result in appropriate application 
characteristics. 

Melter - A piece of equipment designed specifically to heat hot applied joint or crack sealant 
accurately and controUably to a temperature where it will flow. 

Melter Applicator - A piece of equipment designed specifically to melt, heat accurately and 
controUably, and apply hot-applied sealants to pavement cracks or joints. 

Microsurfacing - A mixture of polymer modified asphalt emulsion, mineral aggregate, 
mineral filler, water, and other additives, properly proportioned, mixed, and spread on 
a paved surface. Microsurfacing differs from slurry seal in that it can be used on high 
volume roadways to correct wheel path rutting and provide a skid resistant pavement 
surface. 

Mineral Filler - A finely divided mineral product with at least 70% passing the No. 200 sieve. 
Commonly used mineral fillers include, limestone dust, hydrated lime, portland 
cement, and fly ash. 

Minimum Application Temperature - The minimum temperature, as recommended by the 
manufacturer, to which a hot-applied sealant for pavement cracks or joints must be 
heated while conforming to all specification requirements and result in appropriate 
application characteristics. 

Modified Asphalt Chip Seal - A variation on conventional chip seals in which the asphalt 
binder is modified with a blend of ground tire or latex rubber, or polymer modifiers to 
enhance the elasticity and adhesion characteristics of the binder. 

Net Present Value - The value of future expenditures or costs discounted to today's dollars 
using an appropriate discount rate. 

Open-Graded Friction Course (OGFC) - A thin HMA surface course consisting of a mix of 
an asphalt binder and open-graded (also called uniformly graded) aggregate. An OGFC 
helps to eliminate standing water on a pavement surface, which reduces tire spray and 
hydroplaning potential. 

Overbanding - Overfilling of a joint or crack reservoir so that a thin layer of crack or joint 
sealant is spread onto the pavement surface center over the joint or crack. 
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Partial-Depth Patching - Repairs of localized areas of surface deterioration of PCC 
pavements, usually for compression spalling problems, severe scaling, or other surface 
problems that are within the upper one-third of the slab depth. 

Patch - Placement of a repair material to replace a localized defect in the pavement surface. 

Pavement Distress - External (visible) indications of pavement defects or deterioration. 

Pavement Preservation - The sum of all activities undertaken to provide and maintain 
serviceable roadways. This includes corrective maintenance and preventive 
maintenance, as well as minor rehabilitation projects. 

Pavement Preventive Maintenance - Planned strategy of cost-effective treatments to an 
existing roadway system and its appurtenances that preserves the system, retards future 
deterioration, and maintains or improves the functional condition of the system (without 
increasing the structural capacity). 

Pavement Reconstruction - Replacement of an existing pavement structure by the placement 
of the equivalent of a new pavement structure. Reconstruction usually involves 
complete removal and replacement of the existing pavement structure and may include 
new and/or recycled materials. 

Pavement Rehabilitation - Structural enhancements that extend the service life of an existing 
pavement and/or improve its load carrying capability. Rehabilitation techniques include 
restoration treatments and structural overlays. 

Performance Period - The period of time that an initially constructed or rehabilitated 
pavement structure will perform before reaching its terminal serviceability. 

Plant Mix - See Hot Mix Asphalt. 

Point Bearing - Concentration of compressive stressed between small areas. May occur when 
a partial-depth patch in portland cement concrete pavement is made without the 
compressible insert. Also, slab expansion in hot weather forces an adjacent slab to bear 
directly against a small partial-dept patch and causes the patch to fail by delaminating 
and popping out of place. 

Polishing - Wearing away of the surface binder, causing exposure of the coarse aggregate 
particles. A polished pavement surface is smooth and has reduced skid resistance. 

Portland Cement Concrete Pavement (PCC) - A pavement constructed of portland cement 
concrete with or without reinforcement. Conventional PCC pavements include JPCP, 
JRCP, and CRCP. 

Potholes - Loss of surface material in an HMA pavement to the extent that a patch is needed 
to restore pavement rideability. 
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Preformed Compression Sealant - An extruded joint sealing material for PCC pavement that 
is manufactured ready for installation and is supplied in rolls. Preformed sealants 
incorporate an internal web design so that the material, when compressed and inserted 
into the sealant reservoir, remains in compression against the sides of the joint. 

Present Serviceability Index (PSI) - A subjective rating of the pavement condition made by a 
group of individuals riding over the pavement. May also be determined based on 
condition survey information. 

Present Worth - See Net Present Value. 

Pumping - Ejection of fine-grained material and water from beneath the pavement through 
joints, cracks, or the pavment edge, caused by the deflection of the pavement under 
traffic loadings. 

Raveling - Wearing away of the pavement surface caused by the dislodging of aggregate 
particles and loss of asphalt binder. Also see Segregation. 

Reactive Maintenance - Maintenance applied to restore a pavement to an acceptable level of 
service due to unforeseen conditions. Activities, such as pothole repairs, performed to 
correct random or isolated localized pavement distresses or failures, are considered 
reactive. Similar to Corrective Maintenance. 

Recycling Agents - Organic materials with specific chemical and physical characteristics that 
are used in pavement recycling to address binder deficiencies and to restore aged 
asphalt material to desired specifications. 

Reflection Cracking - Cracking that appears on the surface of a pavement above joints and 
cracks in the underlying pavement layer due to horizontal and vertical movement of 
these joints and cracks. 

Rejuvenating Agent - Similar to recycling agents in material composition, these products are 
added to existing aged or oxidized HMA pavements in order to restore pavement 
surface flexibility and to retard block cracking. 

Reservoir - The part of a portland cement concrete pavement joint that normally holds a 
sealant material, usually formed by a widening saw cut above the initial saw cut. 
Reservoirs may also be found in HMA pavements where joints are sawed and sealed 
above existing PCC pavements. 

Retrofit Dowel Bars - Dowels that are installed into slots cut into the surface of an existing 
concrete pavement to restore load transfer. 

Ride-ability - A measure of the ride quality of a pavement as perceived by its users or 
roughness measuring equipment. 
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Router - A mechanical device, with a rotary cutting system, that is used to widen, cut, and 
clean cracks in pavements prior to sealing. 

Routine Maintenance - Maintenance work that is planned and performed on a routine basis to 
maintain and preserve the condition of the highway system or to respond to specific 
conditions and events that restore the highway system to an adequate level of service. 
Examples include crack sealing, fog sealing, and repair of localized failed areas of 
pavement. 

Rubberized Asphalt Concrete (RAC) - Similar to HMA but having a minunum 20% crumb 
rubber additive. RAC offers greater resistance to reflective cracking than conventional 
HMA. 

Rubberized Asphalt Sealant - A sealant, generally hot applied, that is composed of asphalt 
cement, various types of rubber or polymer modifiers, and other compounding 
ingredients used for pavement crack and joint sealing. Many grades and ranges of 
properties are available. 

Rutting - Longitudinal surface depressions in the wheel path of an HMA pavement, caused by 
plastic movement of the HMA mix, inadequate compaction, or abrasion from studded 
tires (such abrasion can also be observed on PCC pavements). 

Sandblasting - A procedure in which sand particles are blown with compressed air at a 
pavement surface to abrade and clean the surface. Sandblasting is a construction step in 
partial-depth patching and joint resealing. 

Sand Seal - An application of asphalt binder, normally an emulsion, covered with a fine 
aggregate. It may be used to improve the skid resistance of slippery pavements and to 
seal against air and water intrusion. 

Sandwich Seal - A surface treatment that consists of application of asphalt emulsion and a 
large aggregate, followed by a second application of asphalt emulsion that is in turn 
covered with smaller aggregate and compacted. Sandwich seals are used to seal the 
surface and improve skid resistance, especially on asphalt pavement surfaces that are 
bleeding or flushing. 

Scrub Seal - Application of a polymer modified asphalt to the pavement surface followed by 
the broom scrubbing of the asphalt into cracks and voids, then the application of an 
even coat of sand or small aggregate, and a second brooming of the aggregate and 
asphalt mixture. This seal is then rolled with a pneumatic tire roller. 

Sealant - A material that has adhesive and cohesive properties to seal joints, cracks, or other 
various openings against the entrance or passage of water or other debris in pavements 
(generally less than 76 mm (3 in) in width. 

Sealant Reservoir - See Reservoir. 
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Sealing - The process of placing sealant material in prepared joints or cracks to minimize 
intrusion of water and incompressible materials. This term is also used to describe the 
application of pavement surface treatments. 

Sealing Compound - See Joint Sealant. 

Segregation - Separation of aggregate component of asphaltic or portland cement by particle 
size during placement. 

Serviceability - Ability of a pavement to provide a safe and comfortable ride to its users. As 
such, it is primarily a measure of the functional capacity of the pavement. 

Settlement - A depression at the pavement surface that is caused by the settling or erosion of 
one or more underlying layers. 

Shoving - Localized displacement of an HMA pavement surface. Shoving is often caused by 
braking or accelerating vehicles. 

Silicone Sealant - A type of joint or crack sealant compound either self leveling or non-sag in 
application characteristics, that is based on polymers of polysiloxane structures and 
cures through a chemical reaction when exposed to air. 

Skid Resistance - A measure of the frictional characteristics of a surface. 

Slab Stabilization - Process of injecting grout or bituminous materials beneath PCC 
pavements in order to fill voids without raising the pavement. 

Slippage cracking - Cracking associated with the horizontal displacement of a localized area 
of an HMA pavement surface. 

Slurry - Mixture of a liquid and fine solid particles that together are denser than water. 

Slurry Seal - A mixture of slow setting emulsified asphalt, well graded fine aggregate, 
mineral filler, and water. It is used to fill cracks and seal areas of old pavements, to 
restore a uniform surface texture, to seal the surface to prevent moisture and air 
intrusion into the pavement, and to improve skid resistance. 

Spalling, Compression - Cracking, breaking, chipping, or fraying of slab edges within 0.6 
meters (2-ft) of a transverse crack. 

Spalling, Sliver - Chipping of concrete edge along a joint sealant usually within 12 mm 
(0.5in) of the joint edge. 

Spalling, Surface - Cracking, breaking, chipping, or fraying of slab surface, usually within a 
confined area less than 0.5 square meters (0.6 sy). 
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stone Matrix Asphalt (SMA) - A mixture of asphalt binder, stabilizer material, mineral 
filler, and gap-graded aggregate. SMAs are used as a rut resistant wearing course. 

Stress-Absorbing Membrane Interlayer (SAMI) - A thin layer that is placed between an 
underlying pavement and an HMA overlay for the purpose of dissipating movements 
and stresses at a joint or crack in the underlying pavement before they create stresses in 
the overlay. SAMIs consist of a spray application of rubber- or polymer-modified 
asphalt as the stress-relieving material, followed by placing and seating aggregate chips. 

Structural Condition - The condition of a pavement as it pertains to its ability to support 
repeated traffic loadings. 

Structural Overlay - An increase in the pavement load carrying capacity by adding additional 
pavement layers. 

Surface Texture - The microscopic and macroscopic characteristics of the pavement surface 
that contribute to surface friction and noise. 

Surface Treatment - Any application applied to an asphalt pavement surface to restore or 
protect the surface characteristics. Surface treatments include a spray application of 
asphalt (cement, cutback, or emulsion) and may or may not include the application of 
aggregate cover. Surface treatments are typically less than 25 mm (1 in) thick. They 
may also be referred to as surface seals, or seal coats or chip seals. 

Swell - A hump in the pavement surface that may occur over a small area or as a longer, 
gradual wave; either type of swell can be accompanied by surface cracking. 

Terminal Serviceability - The lowest acceptable serviceability rating before resurfacing or 
reconstruction becomes necessary for the particular class of highway. 

Thin Overlay - A HMA overlay with one lift of surface course generally with a thickness of 
38 ram (L5 in) or less. 

Transverse Crack - A discontinuity in a pavement surface that runs generally perpendicular to 
the pavement centerline. In HMA pavements, transverse cracks often form as a result 
of thermal movements of the pavement or reflection from underlying layers. In PCC 
pavements, transverse cracks may be caused by fatigue, loss of support, or thermal 
movements. 

Treatment Life - The period of time during which a treatment application remains effective. 
Treatment life is contrasted with Life Extension. 

Two Component Sealant - A sealant supplied in two components which must be mixed at a 
specified ratio prior to application in order to cure to final properties. 

Ultrathin Overlay - An HMA overlay over an existing HMA or PCC pavement, generally 
less than 25 mm (1 in) in thickness. 
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Unbonded Overlay - Increase in the pavement structure of an existing concrete or composite 
pavement by addition of jointed plain, jointed reinforced or continuously reinforced 
concrete pavement placed on a separator layer (usually an asphalt layer) designed to 
prevent bonding to the existing pavement. 

User Costs - Costs incurred by highway users traveling on the facility, and the excess costs 
incurred by those who cannot use the facility because of either agency or self-imposed 
detour requirements. User costs typically are comprised of vehicle operating costs 
(VOC), crash costs, and user delay costs. To be differentiated from agency costs. 

Warranty - Contractual agreement between an approved contractor/vendor ad the agency 
soliciting bids, that uses specific performance measures to protect the agency from 
responsibility of repair due to premature defects in material and/or workmanship. 

Waterblasting - The use of a high-pressure water stream (8500 to 10,000 psi) to clean PCC. 
It may be used in PCC joint resealing to remove sawing laitance or in patching to 
produce a clean surface prior to placement of the sealer or patch material. Also referred 
to as hydroblasting. 

Ultra-thin Whitetopping (UTW) - A thin (2 to 4 inch [50 to 100 mm]) PCC overlay over an 
existing HMA pavement. UTW is a functional overlay that provides a stable surface 
that is resistant to deformation from static, slow moving, and turning loads. 

Working Crack - A crack in a pavement that undergoes significant deflection and thermal 
opening and closing movements greater than 2 mm (1/16 in), typically oriented 
transverse to the pavement centerline. 
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APPENDIX 



PAVEMENT (MAINTENANCE) 
MANAGEMENT SYSTEMS 

by Christine Johnson, Director of Research, American Public Works Association 

As a tesult of a two-year research effort involving tlie monitoring and evaluation of a pavement management system (PMS). 
the American Public Works Association has become convinced of the power of a P/WS in street maintenance. This article is 
designed to introduce both elected and appointed officials to the concepts involved in PMS, outline how such a system can 
be used, and present the very real benefits that can accrue. The article was written by APWA Research Foundation staff 
with the valuable assistance of numerous pavement management consultants. 

1. Why PMS? 

Back in the "good old days" when there was 
"enough" money — not a surplus, but enough — 
establishing a street maintenance budget was fairly 
straightforward. Three or four criteria for setting a budget 
and deciding how the money would be spent seemed to 
satisfy everyone. 
• Routine Maintenance. Many cities established routine 
maintenance standards such as crack sealing every year, 
seal coating every four, and so forth. Thus, the pavements 
ready for the four-year seal coat were budgeted, and the line 
item for crack sealing was simply established as 6% over the 
previous year to account for inflation. 
• "Worst First." Major maintenance was prioritized on a 
"worst first" basis. Those streets that looked bad got atten
tion. Such a prioritization was often facilitated by a wind
shield survey of the city's streets made by staff engineers or 
inspectors. This approach has a certain logical appeal that 
satisfies the press and council alike. 
• Citizen Complaint. The "worst f i rst" or routine 
maintenance program could then be adjusted lo accom
modate work on streets where there had been many com
plaints or a number of accidents, perhaps because of slip
pery conditions. 
• Political Priority. The agenda could also be adjusted by 
the political process, which is oflen a legitimate expression 
of citizen complaints. 
• The Old Engineer, wlio had presided over the building of 
many of the streets and knew them like his children, also oc
casionally made recommendations. 

Because this approach worked well, it often became en
trenched in standard operating procedures. Today, however, 
money is tighter. The needs seem to be greater — in part due 
to more traffic, older pavements, and severely inflated 
material costs. With streets getting worse, less money to 
spend on their repair, and new technology providing more 
options for repair, establishing a street maintenance pro
gram is now far from straightlonward. The maintenance stan
dards in many municipalities are only distant goals, And the 
well-established procedures for deciding what gets done do 

not address the questions that are being asked — either by 
the engineers or by the council. For example: 
• Funds are only available to do one third to half of the 
overlays that our maintenance standards or our visual 
surveys indicate are necessary. Which should we do? Or 
should we just reduce the thickness and do a thin overlay on 
all of them? 
• What will happen if we defer crack filling this year? 
• Could we get by with patching this street for another year? 
Or is it more economical to resurface? 
• What work will be deferred if we lay off 10% of the 
maintenance crew? 

The questions are hard to answer because they require 
quick assembly of predictive information. For example: 
• Part of the answer to the first question requires us to know 
the life spans of (sayf a 2-inch (5.1-cm) overlay versus a 
3/4-inch (1.9-cm) overlay. We also must have a clear 
understanding of the load damage that has occurred on the 
streets scheduled for overlay. 
• The second question requires knowledge of the rate of 
deterioration of pavements with and without routine 
maintenance. 
• The third requires a good estimate of both the cost and ef
fectiveness of patching and resurfacing as well as a good 
understanding of the causes of the pavement's current 
deterioration. 
• The answer to the final question depends on a good record 
of the "level of effort" required for various maintenance ac
tivities. 

If the information described above is not routinely col
lected, each answer could take between several days and 
several weeks to develop. So, in the crisis of budget making 
and budget cutting, for lack of concrete information to the 
contrary, "low profile" cuts are made. Crack filling and seal 
coats are deferred. The overlays are planned a little thinner. 
Without solid refutation, these cuts are seen to be less harm
ful than laying off teachers or police. And, the maintenance 
budget that remains provides for major work on some of the 
worst streets. 
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2. Good Streets Cost Less to Maintain 

For many municipalities the street maintenance budget pro
blems seem to be getting worse, not better. There seems to 
be more deteriorated streets each year, and the cost per 
mile for maintenance seems lo be increasing dispropor
tionately. 

There is a reason for this chronic crisis. Exhibit 1 il
lustrates the way pavements generally deteriorate. During 
the first 75% of a pavement's life, it performs well and, to the 
untrained eye, looks good. After that, however, the pavement 
deteriorates so rapkjiy it seems to fall apart. Notice that the 
time axis in the exhibit is not marked in years. The number of 
years that a pavement stays in what might be termed the 
"good condition plateau" depends on how well il is main
tained, ideally this plateau could be extended indefinitely 
with proper timing of major rehabilitation and good interim 
maintenance, given reasonably consistent traffic patterns. 

"Oh yes," one might respond, "if there was plenty of 
money." Ironically, this isn't true. Intact, quite the opposite is 
the case. Numerous studies indicate that if the streets are 
properly maintained in a perpetual "good" to "excellent" 
condition, the total annual maintenance investment is four to 
five times less than if the pavement is allowed to cycle 
through to the "poor" and "failed" conditions and then 
rehabilitated. Why? An oversimplified explanation (graphical
ly displayed in Exhibit 2) is that the engineer is maintaining 
and replacing only the lop portion of the pavement if it is in 
good condition. In poor or failed condition, the entire base 
and, sometimes the subbase, must be repaired and 
rehabilitated. Because this is such a critical concept to pave
ment maintenance budgeting, we present the results of one of 
the landmark studies on this issue. The Utah Department of 
Transportation carefully examined four maintenance 
strategies for each of ttiree road classifications: primary, 
secondary, and urban. The four strategies are graphically 
represented in Exhibit 3, A through D, and described below. 

EXHIBIT 2 
COMPARISON OF THE COST AND AMOUNT 

OF MATERIALS NECESSARY TO REHABILITATE 
A PAVEMENT BEFORE AND AFTER FAILURE 

$161,000 

Cost per mile 
of pavement 
40 ft. wide 

$56,000 

Before Failure 

Source: Utah DOT 

After Failure 

Strategy A required that each pavement be rehabilitated 
when its condition rating (measured on the AASHTO index 
where 5 equals excellent and 1 equals very poor) dropped to 
3.0. This would occur approximately every 17 years. 

Strategy B required rehabilitation when the condition 
rating dropped to 2.5, or about every 20 years. 

ExceUent -

Good 

Poor 

EXHIBIT 1 
PAVEMENT LIFE CYCLE 

40% drop in quality 

$1.00 iot renovation here 

Will cost $4.00 
to $5.00 here 
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strategy C required rehabilitation at the 2.0 condition 
rating point, or about every 23 years. 

Strategy D represented actual practice in Utah — overlay 
intervals of 27 years — or waiting until the pavement 
reached a poor or failed condition. 

r EXHIBIT 3 
MAINTENANCE STRATEGIES EXAMINED BY 
UTAH DEPARTMENT OF TRANSPORTATION 

•a 
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Each strategy was based on normal maintenance and a 
chip seal coat every seven years. Conclusions are presented in 
Exhibit 4. Strategy A, the strategy ihal would result in main
taining the roads at a higher service level and overlaying 
at more frequent intervals, had a consistently lower annual 
cost. 

Similar studies conducted by Mike Sheflin (Transportation 
Commissioner of the Regional Municipality of Ottawa-
Carleton), the city of Fort Collins, the World Bank, and others 
confirm the essential conclusions of the Utah study and in
dicate that the ratio of total annual costs between maintain
ing good pavement and periodically rehabilitating poor pave
ment may be on the order of $1 to S4 or $5. 

This information suggests to us that one of the reasons the 
traditional budgeting approach worked in the past is that 
there was always enough money for routine maintenance of 
"good" streets. When this routine maintenance was de
ferred, we began the chronic cycle of deteriorating pave
ment and increasing maintenance costs. 

This information also suggests that the optimum time for 
major pavement maintenance investment is just as the pave
ment's rate of deterioration begins increasing, or as it slips 
from a good to a fair condition. Our problems would be 
significantly more tractable if pavements exhibited a very 
clear signal at this point. Such is not the case, unfortunately. 

EXHIBIT 4 
SUMMARY OF ANNUAL UNIT MAINTENANCE 

COSTS FOR UTAH DEPARTMENT OF 
TRANSPORTATION USING ALTERNATIVE 

MAINTENANCE STRATEGIES 

Road Type 
Primary 
Secondciry 
Urban 

S6.29 
$7.94 
53.35 

Strategy 
B 

$ 8.03 
$10.95 
$4.20 

$ 9.59 
$13.15 
$ 4.98 

$10.61 
$13.87 
$ 5.39 

Even a standard time interval, such as every 10 years, is 
not particularly reliable because the shape of Ihe deteriora
tion curve, and hence the optimal maintenance points, vary 
considerably among a city's pavements. A street experienc
ing a sudden increase in truck traffic may have a curve like 
that shown by "A" in Exhibit 5, whereas a quiet residential 
street, suffering only environmental deterioration, may have 
a curve similar to "B." Nor are there obvious visual signs to 
the untrained eye. A road suffering environmental damage 
may have a number of cracks but still be structurally sound 
and need only crack filling and/or surface treatment. On the 
other hand, what appears to be a perfectly good pavement 
with only a few fine cracks may be in the early stages of 
severe load damage delerioralion. Only non-destructive 
testing or trained interpretation of the type of cracking can 
distinguish between the two. 
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These facts point up the short-comings of standard 
maintenance practices based on blind time intervals and the 
inadequacy of the "worst first" approach for major 
rehabilitation can also result in unnecessary maintenance if 
deterioration rates and causes. Their use can result in 
maintenance where none is needed or Inadequate treatment 
in other cases. The "worst first" approach for major 
rehabilitation can also result in unnecessary maintenance if 
it is based simply on a windshield visual survey. But, more im
portant, it can result in almost never catching the optimal 
rehabilitation time within a tight budget situation, which will 
result in the onset of chronic deterioration and escalating 
maintenance costs. 

EXHIBIT 5 
EXAMPLES OF DIFFERENT PAVEMENT 

DETERIORATION CURVES 

Opdmum 
Maintenance 
Period 

3 

o 

Since there are no "red flags" whenapave-
ment has reached its "75% mark," the question arises: 
"How can we target our very scarce resources to this op
timum rehabilitation point?" The answer is infotmation — 
knowing what is going on with each pavement and respond
ing accordingly, rather than guessing based on some "net
work" average or, worse, "national" average. Some ap
proaches are: 

• Monitoring pavement deterioration using well-developed, 
robust condition rating schemes and being particularly alert 
lo a sudden acceleration in deterioration 
• Observing the type of distress a pavement is developing. Is 
it load-related? Is it simply due to freezing and thawing? 
• Periodically testing the load-carrying capability of streets 
• Developing local "average" deterioration curves for dif
ferent classes of streets in the community such as those 
shown in Exhibit 6. These will prove helpful in noticing 
"outliers" — streets deteriorating early — and in estimating 
the timing for close monitoring of other streets. 

This kind of pavement monitoring will help an agency time 
pavement investments so that a network can be maintained 
at a high service level and at the lowest possible cost. It will 

also allow an agency to defend budget requests accurately 
with credible forecasts of the consequences of a budget 
reduction. In addition, if the information is correctly used, it 
will allow an engineer to diagnose the causes of pavement 
deterioration, which is critical to making the best use of the 
maintenance dollar. For example, deflection test data or 
detailed information on cracking can help the engineer cor
rectly diagnose an isolated base failure and correct it rather 
than overlook it with the consequences that it becomes en
larged, making it necessary to rebuild the entire pavement — 
or worse — not recognize that the failure was local and 
undertake an unnecessary reconstruction. The difference in 
cost could be in the thousands of dollars. 

Information on Cost and 
Effectiveness 
However, collecting information on pavement deterioration 
is not enough. This information alone will not provide suffi
cient information lo answer the questions involved in select
ing cost-effective maintenance strategies. For example: 
"Should we patch or resurface?" "Should we lay down a 
5-inch {12.7-cm) overlay every 10 years or a 1-inch (2.54-cm) 
every two years?" and so on. These kinds of decisions re
quire information on the cost of alternative maintenance 
strategies and their effectiveness. 

The word effectiveness has been overused and misused in 
governmental agencies to the point that it has become 
almost meaningless. Here we use the term to mean: 
• How much will the proposed "fix" improve the pavement? 
Will the condition rating go up to an "excellent" range, or a 
"very good" range? 
• How long will the pavement stay in this improved condi
tion? Will the fix last for several years? Or will it deteriorate in 
one or two years? 

The accuracy of this is, of course, dependent on the 
engineer correctly diagnosing the cause of the pavement 
deterioration and correctly matching the maintenance 
strategy to the cause. 

Thus, we should be able lo make the kind of effectiveness 
comparisons illustrated graphically in Exhibit 7. 

The cost information needed to compare alternatives cor
rectly is not only the initial cost, but what "routine" 
maintenance will be needed to maintain the anticipated life 
span of the repair strategy (i.e., crack sealing, patching, etc.). 
So, in effect, "time streams" of present and future costs are 
compared. When this cost and effectiveness information is 
coupled with a good understanding of why and how a pave
ment is deteriorating, an engineer is in a position to select ap
propriately timed and cost-effective solutions tor any given 
pavement and, in effect, suboptimize an agency's pavement 
investments. 

It Is the Amount of Analysis Not the 
Analysis Itself that is Formidable 
None of the preceding concepts are new or difficult. Indeed, 
"old engineer's" intuitive recommendations may have 
reflected some of the power of this approach, since they had 
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EXHIBIT 6 
EXAMPLES OF LOCALLY DEVELOPED 
PAVEMENT DETERIORATION CURVES 
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the pavements' history, cost, and performance profiles 
stored in their heads! For any one pavement, this monitoring 
and these comparisons and calculations could be carried out 
readily. The problem comes when such efforts are carried 
out for the entire street network: 
• When a budget needs to be submitted next week — it is dif
ficult to go through such analysis for the entire network 
unless the information is readily available. 
• When the maintenance season's projects must be 
prepared quickly so bids can be let — it is hard to collect the 
data necessary to carry out "alternatives analysis" on every 
project. 
• When there is only so much money in the budget and a 
cost-effective but high initial cost alternative is swamping the 
budget — it is difficult to tell whether another alternative 
would be better for the network at large, although less cost-
effective for that particular pavement section. 

Each of these examples is difficult in the sense of being 
unreasonably time consuming, unless there has been a 
systematic collection of all the information needed for the 
analyses, and unless there is an easy way of retrieving it and 
quickly carrying out the calculations involved. 

This is the concept behind a PMS. It is a systematic 
method for routinely collecting, storing, and retrieving the 
Kind of decision-making information needed to make max
imum use of limited maintenance dollars. And, it is a set of 
"steps" or computer routines for quickly using the informa
tion and making the calculations necessary to arrive at these 

EXHIBIT 7 
GRAPHIC PRESENTATION OF 

COST-EFFECTIVE ANALYSIS FOR 
ALTERNATIVE MAINTENANCE STRATEGIES 

$ 4;; 
Time and Cost ''*' 

Repeated Slurry Seals 

Cost' 
Effective
ness 

E 

$ 

$ 

$ « 

Time and Cost 

Thin Overlay Plus Future Seals 

$ 

$ ' 
Time and Cost 

Reconstruction Plus Future Seals 

•Effectiveness (E) of eacti of these strategies is the amount of Improvement 
in road quality times the expected lite span {shaded area). Cost ($) of each ot 
these strategies is the sum of the present capital costs plus future capital and 
maintenance costs. 

decisions. In the final analysis, a Pĥ S is a tool to help the 
engineer, the budget director, and the city manager or mayor 
do their jobs better in much the same way X-ray equipment 
aids the doctor. In both instances, professional judgment is 
enhanced, but not replaced. And, unless the "good old days" 
of sufficient budgets return, a PMS is likely to be as indispen-
sible to the city official as X-ray technology has become lo 
medical science. 
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Overview 
With that in mind, the remainder of this article is devoted to 
introducing the mayor, city manager, and public works direc
tor to pavement management. Section 3, following, 
describes what a PMS is in general terms. Section 4 il
lustrates typfcal products of a PMS and gives examples of 
how they can be used. Section 5 answers the question, 
"Does PMS really work?" by documenting benefits other 
agencies have realized from implementing such systems. A 

brief outline of the steps involved in implementing a PMS is 
presented in Section 6, and the final section is devoted lo an 
introduction to the APWA-GOE PAVER Pavement 
(Maintenance) Management System that the American 
Public Works Association is making available to cities, coun
ties, and provinces across the United States and Canada on 
a cooperative time-sharing basis. 

3. What is a PMS? 

The Transportation Research Board commented In its in
troduction of the pavement management concept: "Pave
ment management is not a new concept; management deci
sions are made as a part of normal operations every 
day.. . . The idea behind a pavement management system is 
to improve the efficiency of this decision-making process, ex
pand its scope, provide feedback as lo the consequences of 
decisions, and ensure consistency of decisions made at dif
ferent levels within the same organization." 

That is one of the best available explanations of the objec
tives of a PMS. The means for accomplishing these objec
tives generally involve: 
• A systematic means for collecting and storing decision
making data 
• A robust, objective, and repeatable system for evaluating 
pavement condition 
• Procedures to retrieve and analyze data for network, pro
ject, and project management-level decisions. 
• The capability of carrying out research on policy and 
technical questions 
• Procedures for updating the data base 

Let us examine each of these components more closely. 

The Data Base 
There are three primary types of data critical to good pave
ment maintenance decision making: information on the con
dition of the pavement, cost information, and maintenance 
and "as built" construction histon/. 

Pavement Condition Rating. At the basis of pavement 
management is the ability to track pavement deterioration 
and diagnose the cause of the deterioration. This requires an 
evaluation process that is objective, systematic, repeatable, 
and which provides information that will help the engineer 
diagnose problems and design solutions. Several measures 
of pavement condition have been developed. They include 
roughness, ride qualify, skid resistance, deflection tests of 
the pavement's load-carrying capability, and observations of 
types of distress. Machines exist to measure the first four. 
Pavement distress is largely measured by eye. Although 
roughness, ride quality, and skid resistance have played an 
important part in state highway evaluations, none of these 
measures provide complete or wholly accurate measures of 
pavement deterioration or its causes. 

Deflection testing and systematic evaluation of pavement 
distress (types of cracks, distortions, weathering, etc.) have 

proved to be the most comprehensive evaluation schemes 
to dale. (But others, such as laser measurements, 
are being tested.) Deflection testing involves applying a load 
and measuring the deflections of the pavement under the 
load. As the pavement loses its structural capacity, these 
deflections will increase. Although deflection testing is an ex
cellent measure of structural deterioration, 11 will not provide 
the engineer with information on environmental deteriora
tion. 

Some cities log the various distresses in the pavement and 
correlate their amount, severity, and type with an overall 
rating or index. Although research has shown that distress 
types are highly correlated to the cause of deterioration (see 
Exhibit 8), this approach will not provide the accurate 
measure of load damage that would be needed to design a 
corrective overlay. On the other hand, some distress-based 
systems record sufficient detail on distress lo enable easy 
decisions to be made, i.e., estimates of the total amount of 
cracking. 

EXHIBIT 8 
RELATIONSHIP OF PAVEMENT DISTRESS 

TO CAUSE OF DETERIORATION 
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20 APWA REPORTER / NOVEMBER 1983 



Condition rating data must be collected periodically in 
order to track the performance of the pavement and time ma
jor maintenance optimally. After several sets of data have 
been developed, performance curves can be created of both 
original pavement and major rehabilitation strategies. 

Cost Data. Initially, these data will include the best available 
information on the cost of maintenance activities normally 
carried out in the community. These should be expressed as 
a total unit cost for a particular activity as well as the compo
nent costs of material, labor, and equipment needs. Ideally, 
at the end of each maintenance season, or upon completion 
of each major maintenance effort, a record of what was done 
and how much it cost would be made. The cost information 
would automatically update the cost data base, and the 
maintenance information could be added to the individual 
pavement's maintenance history files. From these records, 
estimates can be made of costs of maintaining a local pave
ment at any given condition and long-range budget forecasts 
made, based on the rate of deterioration of individual streets. 

"As Built" and Maintenance History Records. A key to 
diagnosing problems and designing any maintenance solu
tions is knowing how the street was originally built and what 
has been "put on it since." Without this Information, destruc
tive testing (corings) are often necessary for a correctly 
designed overlay. A history of the maintenance and its per
formance provides invaluable information on the effec
tiveness of particular strategies on particular types of 
pavements. Again, ideally, these data can be automatically 
updated with end-of-season reports. 

Traffic Data. A pavement is designed to withstand a par
ticular number of axle loadings. These data on traffic volume 
are essential. Particularly imoortant are data on truck 
volumes, since it is estimated that one 18-foot (5.5-m) semi
trailer truck has an equivalent loading of between 3,000 and 
5,000 vehicles. Again, this information should be updated at 
regular intervals. 

Inventory Information. Implicit in the above data base is 
an inventory of all pavements. Many agencies have found it 
valuable to add additional inventory information on drainage, 
shoulders, railroad crossings, manhole covers, utility pole 
locations, etc. Though it can be argued that such information 
is critical to maintenance and design decisions, there is a 
trade-off between the cost of assembling the data and keep
ing it current and the value of the information. Agencies 
should evaluate ttiat trade-off carefully for this category of 
data. 

Exhibit 9 summarizes the information commonly included 
in the PMS data base, which forms the heart of the pavement 
management system. All other components simply involve 
methods for retrieving and using the data at various levels of 
decision making. It is accurate to say that a PMS is as ac
curate or as weak as the type and quality of information 
stored In its data base! 

Retrieval and Analysis Methods 
The data tiase can reside in file cabinets or on a computer. In 

EXHIBIT 9 
PMS COMPONENTS 

• Data Base Condition Rating Data 
• Distress • N.D.T. 
• Roughness • Skid 
Cost 
Traffic Structure 
Maintenance History 
Other Inventory Data 

Retrieval Methods Filing System 
Computer Programs 

Analysis Methods Network Level 
Project Level 
Project Management 
Research 

• Updating Procedures 
either case, methods are needed to retrieve the information 
easily. In the case of the file cabinet — a good filing system; 
in the case of a computer — data base search and retrieval 
programs. Also needed are standard methods for analyzing 
the information for decisions at three levels: network, pro
ject, and implementation. 

Network. Network level analysis will be of greatest in
terest to the mayor, manager, and budget director. Exhibit 10 
illustrates the products that a manager should expect from a 
PMS and the methodologies generally involved in arriving at 
those products. 

Several comments are worth noting on network-level deci
sion making. At this level, averages, of necessity, tend to be 
used. Budgets, or network condition assessments, for exam
ple, cannot be used for project procurement or for design 
purposes. Network level analysis is best used for overall 
budget estimates, scenario building, or for policy "what if" 
questions. For example, it is reasonable to expect network-
level analysis to respond to the question "What if we took a 
10% budget cut this year, but with a new bond issue, and ex
pand the budget 15% the following year?" with estimates of 
future budget consequences, future pavement condition 
ratings, ranking of projects that would optimize the 90% 
budget, and so forth. 

It is important for the decision maker to review thoroughly 
the methods used in arriving at these network-level products 
with some of the following criteria in mind: 
• Are the "averages" so average as to not be meaningful? 
• How are the forecasts made? What assumptions are used? 
• Does the prioritization reflect the local decision-making 
process? 
• If a ranking index is used, does it make sense? Or, are total
ly different units and scales being combined mathematically 
to result in a meaningless "fruit salad" number? 
• What cost assumptions are being made? Do the results 
match reality? 
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Project Level. This level of analysis will be of greatest in
terest to the technical staff. As shown in Exhibit 11, project-
level analysis involves assessing the causes of pavement 
deterioration, determining potential solutions, assessing 
benefits of the alternatives, carrying out life-cycle costing, 
and ultimately designing and selecting the desired solution. 

Network level analysis is potentially the most powerful 
level of pavement management; it is also the one most prone 
to "big mistakes" if the assumptions and methods aren't 
clearly understood. 

Clearly, the analysis atthis level derives great benefit from 
the calculating speed of a computer. However, there is a 
number of decisions at this level that require the judgment of 
an experienced engineer, and we caution an agency against 
substituting a "black box" mathematical formula for such 
judgment. Local maintenance policies, standards, and per
formance curves should be established based on local data. 
These can be built into computer programs and periodically 
updated. Finally, many of the PMS systems have 
preprogrammed overlay design methodology. Make sure it 
meets any state funding requirements that may exist. 

Project Management. This level of analysis should pro
vide the manager with estimates of labor, material, and 
machine requirements for each of the several projects pro
grammed for a maintenance season. This information can 
then be used for writing contract specifications, scheduling 
crews, purchasing material, and scheduling equipment. 

Research 
The PMS data base can be an invaluable tool in answering 
special questions at each level of decision making. For ex
ample: 

Network. What will be the effect and budget implications 
of new truck weights? 

Project. How has the performance of a new material com
pared to our standard practices? 

Implementation. How have pavements overlayed by XYZ 
contracting company performed relative to work done in-
house or by other firms? 

Updating 
Procedures must be included in the PMS for systematically 
updating the data base, scheduling condition ratings, and up
dating history and cost information files. 

Benefits 
These then are the components and capabilities that an 
agency should expect to find in a pavement management 
system. A good system incorporating most of these elements 
will provide a number of benefits ranging from long-range 
maintenance-cost savings to simply improving the produc
tivity of management staff. Some of the benefits are quan
tifiable, such as dollars saved or an improvement in pave
ment condition. Others, however, fall into the difficult-lo-
quantify categories of "improved decision making," "im-

EXHIBIT 10 
COMPONENTS OF NETWORK ANALYSIS 

Products 

1. Identification of 
candidate pavements 
for improvement 

2. Ranking of 
candidate projects 

3. Network-level 
budgeting, long-range 
budget forecasts, 
scenario building 

4. Network-level 
condition assessment 
and forecast of future 
conditions 

Methods 

Selection criteria including rate of 
deterioration, types of distress. 
Standard time interval based on 
local performance curves 

Ranking criteria including the above 
as well as traffic, user costs, and 
other agency decision-making 
criteria that can be combined 
mathematically into an index 

Methods for forecasting future 
conditions; methods of estimating 
overall maintenance costs for given 
condifions 

Forecasting methods 

proved communications to council and the public," and im
proved project management." Further, because it takes time 
for a PMS to reach its full capability, the payoffs in terms of a 
visibly reduced maintenance budget may take several years. 
The following constitute reasonable expectations of PMS 
benefits over the short and long term. 
Immediate Benefits 
• Network Condition Assessment. Management should have 
a clear assessment of the overall condition of the municipali
ty's pavements and an understanding of how fast they are 
deteriorating as well as an estimate of future conditions. 
• Rehabilitation Plan. If a municipality needs a major 
upgrade of its street system, a PMS can provide a solid, 
multi-year program and budget for bringing a system up to a 
desired condition level. 
• Annual Budget Estimates for various plans. 
• Project Identification and Ranking based on an objec
tive defensible rationale. 

EXHIBIT 11 
COMPONENTS OF PROJECT ANALYSIS 

Products 
Diagnosis of problem 

Develop possible 
solutions 

Life cycle cost 
analysis 

Benefit assessment 

Project budget estimate 

Design 

Methods 
Assessment of distress, load carry-
ability, skid historical data, 
engineering judgment 

Local policy, established stzmdards. 
engineering judgment 

Methods for estimating time streams 
of costs associated with alternative 
methods and for discounting future 
costs to present value 

Methods for assessing improvement 
in condition, methods for assessing 
life span of alternative methods and 
methods for incorporating both user 
costs and benefits 

Deteiiled cost estimating 
methods based on previous 
and current cost information 
Design methods 
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• Dollar Savings at the Project Level. Life-cycle costing can 
sometimes result in immediate savings at the project level. In 
other instances, it will result in higher initial cost but lower 
long-term costs. 

Long Term Benefits 
• Integration of Pavement Maintenance Management Deci
sion Making. In many agencies, budget-making, routine 
maintenance, and major rehabilitation are three separate 
functions. If pavement investments are to be optimized, then 
these functrons shoukj be treated as continuous and, at the 
very least, highly coordinated. A PMS can be a catalyst for ra
tionalizing and integrating decisions across functional lines. 
• Dollar Savings. If maintenance investments are optimized, 
over the long run, maintenance cost savings will result. It will 
take time and dollars, however, to bring a network up to a 

level where It can be maintained at a lower cost. 
• Pavement Will Be in Better Overall Condition. 
• Greatet Management Productivity. Those charged with 
managing streets will be able to work faster as well as 
smarter because information will be more readily available, 
decisions can be made faster, and projects prepared for im
plementation in less time. 

II is accurate to report that the cost of implementing a PMS 
will be substantially repaid in improved pavement condition, 
maintenance cost savings, and improved staff productivity, 
though not necessarily in the first few years. Ironically, those 
agencies that feel they can afford a PMS least (because of 
severe budget reductions) are likely lo receive the greatest 
and most immediate payoffs! In the following section, we ex
amine how the products of a PMS can be practically put to 
work lo achieve the benefits outlined here. 

4. How Would a PMS Be Used? 
A PMS requires time, money, and effort to implement. Thus it 
is worth asking "Is a PMS really going to make that much dif
ference? Or is it just going to be an expensive toy?" Ultimate
ly those questions will be decided by each agency on a case-by-
case basis. But to add some perspective to such an evalua
tion, it might be useful to look in on how the fictional com
munity of Streeterville, Iowa, uses a newly implemented 
APWA PAVER system to manage the maintenance of some 
600 lane miles (964 km) of asphalt streets.' 

' Because the authors are most (amiliar with the specillc capabilities of the 
APWA-COE PAVER PMS system, we will illustrate the capabilities of a PMS 
based on this system. However, any good PMS should offer this set of 
products. 

EXHIBIT 12 
CURRENT PAVEMENT CONDITION OF 

STREETERVILLE, IOWA 

(% of streets 
In desisnated 

condition) 

• • 
Excellent Good Fair Poor Failed 

Use at the Network Level 
Inventory. One of the most immediate payoffs of the newly 
implemented PMS was an inventory of the city's street 
system and the condition it was in. For the first time, David 
Jones, Director of Public Works, had a quanlitative handle on 
the entirety of the perennial street problem. Further, the 
graphics capability (shown in Exhibit 12) of the system helped 
him communicate the problem lo the press and the com
munity at large. Seventy percent of the streets were in fair or 
worse condition and, given the rale of deterioration, the 
situation was getting worse, as he was able to show with the 
graphic in Exhibit 13. Jones was able to emphasize his point 

EXHIBIT 13 
IN FOUR YEARS... WITHOUT 
ADEQUATE MAINTENANCE 

Excellent Good Fair Poor Failed 
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EXHIBIT 14 
VISUAL EXAMPLES OF PARTICULAR 

PAVEMENT CONDITION 
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to the press and public by providing sample photographs, 
such as those shown in Exhibit 14, to give visual meaning lo 
the condition rankings. A listing of the pavement sections, 
their rankings, and distress types allowed Jones' staff to 
develop a color-coded street map illustrating the relative 
conditions of the streets in the entire network. This map 
proved to be a highly effective communication tool with com
munity groups and councilmen as well. Because it was 
developed on a clearly objective rating system (a sample of 
which he always passed out when he made presentations), 
he was able lo articulate the problem and defend his budget 
needs and priorities. He often tells of the day a rather influen
tial block club representative paid him a visit to inquire about 
area street improvements. During the conversation, Jones 
pulled up the Green Street file on the video monitor and 
showed the representative that the street had been resur
faced three years ago. the deterioration in the street was en
vironmental and uoukt tie taken care of with crackfilling and 
patching. Although that may not be as esthetic as resurfac
ing, relative to the condition of other streets in the city. Green 
was in good condition. Jones concludes, "I explained the 
rating system in some detail and, frankly, it was hard lo argue 
with the kind of documentation I had at my fingertips." 

Jones also used the system to develop a list of streets with 
utility cuts. With it he was able to demonstrate to the mayor 
the "cost" in pavement damage of these cuts, particularly if 
they are poorly restored. He is now working on an ordinance 
that would Impose tighter standards on such cuts and recoup 
the true cost of those cuts to the city. Further, now that he 

has a long-term maintenance plan, coordination with the 
various utilities is much more successful. 

Jones' staff also generated a list of section pavements 
with particular types of distresses that are known to be load-
related. These, too, were mapped, and Jones had a series of 
deflection tests carried out on some of the streets to deter
mine the extent of the damage. He also noted that some of 
the more extensive damage seemed to be due to trucks tak
ing alternate routes at points where there were particularly 
high traffic build-ups on the designated truck routes. This in
formation formed a basis for drafting a new set of truck 
routes, which will be coordinated with maintenance and 
design. In the meantime, he has consulted with the traffic 
division about options to reduce the congestion at particular 
points. 

These "lists" and simple graphics, as Jones will tell 
anyone, took five or ten minutes to generate. But they were 
the key to —finally, after years of budget cutbacks — making 
"street maintenance" a positive issue of Streeterville. 

Budgets and Long-Range Planning. Jones caught the 
community's attention with his inventories. Now he needed 
to turn that attention to action. Last year his entire 
maintenance budget had been barely enough to cover two 
major rehabilitation efforts, which were long overdue, and a 
couple of resurfacing jobs. Several "must" projects had to 
be delayed, and what funds were left over went to temporary 
patching. 

This year, rather than preparing one budget, he prepared 
several. His first budget was in line with requests of previous 
years. But he went on to show that if these limited funds were 
spent on two or three streets in "desperate" need, five other 
pavements would slip into a "poor" condition within a couple 
of years, nearly quadrupling their maintenance costs. In 
essence, he argued, adoption of this budget implied a budget 
several times its size within four years to maintain 
pavements in worse condition. (See Exhibit 15.) His 
arguments could not be dismissed because they were 
backed up with solid facts on costs and rales of deleriora
lion. 

His other budgets were presented in the form of a multi-
year budget program designed to bring the community's 
streets up lo a good or average condition over the course of 
three to seven years. In essence, Jones gave the mayor and 
the council "options" for achieving wtiat now had become a 
relatively popular issue in the community. 

These "options" or "scenarios" were produced by Jones 
and his staff in a matter of a few days — not weeks. And as 
the council wrestled with the city's budget and possible new 
funding sources, Jones was asked to produce a number of 
other budget scenarios, often within a matter of a few hours. 
This he did. 

Ultimately, because Jones had been well-armed with facts 
and answers about the consequences of various actions, 
because he was prepared with graphics that communicated 
his essential message, and because he was able to work with 
the council in a give-and-take mode that looked at several op-
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Average Network Condition 
(measured on a scale of 0-100) 

lions, Jones was able to put in place a five-year program for 
upgrading the condition of the entire network. 

Prioritization. The program involved a substantial increase 
in the current maintenance budget and a commitment to go 
after a local bond issue the following year to sustain the 
upgrading effort. With his budget set, Jones began by setting 
aside sufficient funds to carry out routine maintenance 
based on estimates of the amount of crackfilling, patching, 
etc., required for his "good" pavements. He then generated 
a list of those pavements experiencing a pavement deteriora
tion rate of more than 5 % in the past year. He chose this rate 
because he had been able to develop curves such as that 
shown in Exhibit 16 from his local data base, which sug
gested that when a pavement begins losing more than six or 
eight rating points a year, it is likely to be reaching an op
timum maintenance point. His list was long, it contained 
many pavements in poor or failed condition. He. never
theless, ran a detailed project-level cost analysis on each of 
the pavement sections lo determine how much it would cost 
based on current maintenance policy and costs and the type 
of distresses found in each, to bring each up to good or ex
cellent condition. (This was simply a matter of a few com
puter commands and a long printout.) 

As he already knew, he could not afford all of them, but this 
printout gave him more detailed cost and consequence infor-

EXHIBIT 16 
EXAMPLE OF HOW LOCAL DETERIORATION 

CURVES ARE DEVELOPED 
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mation to begin selecting candidate projects. Jones used the 
kind of cross-tabulations shown in Exhibits 17 and 18 lo help 
select and rank the projects for the coming maintenance 
season. 

PMS Capabilities and Use at the 
Project Level 
Because Jones is playing "catch-up," he is under some 
pressure to stretch the maintenance budget without com
promising the long-term rehabilitation program he has 
established with "half measures" that are not economically 
sound in the long run. He and his staff analyze the costs and 
benefits ot several possible alternatives for each candidate 
project. Though the process they use seems long and drawn 
out, Jones is quick to point out that it takes longer to explain it 
than do il, since all the information is in the computer data 
base and his staff engineer can carry out one project 
analysis in one or two hours. 

Two upcoming projects illustrate the process. A half-mile 
(0.8-km) stretch of arterial on the outskirts of town had a con
dition rating of 75 in mid-1981, and a rating 18 months later 
showed that its condition had dropped dramatically. The proj
ect engineer called up the maintenance history (Exhibit 19) 
and the current inspection report (Exhibit 20). The inspection 
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report showed clear evidence of load-related damage — in
deed 72% of the deterioration could be attributable to load. A 
quick check of the traffic records indicated thai truck traffic 
on this stretch had gone up in the past three years, probably 
because this was part of the shortest route from the in
terstate to a new meatpacking plant that had been built just 
outside of town. 

Typically, the city's polkiy (as shown in the maintenance 
history) had been to do a 1-inch or 2-inch (2.5-cm or 5.1-cm) 
overlay. The last overlay on this stretch had lasted only four 
years. The alligator cracking, rutting, and deflections clearly 
indicated a base problem. Indeed the deflections showed an 
equivalent thickness of 3 inches (7.6 cm), whereas the traf
fic it was carrying required 11 Inches (28 cm). The staff 
engineer ttiought ttiat reconstruction should be considered, 
even though it was a significantly more expensive alter
native. Based on the traffic and deflection-testing data, an 
alternative that would involve removing and replacing the 
base and existing asphalt was designed. 

He then compared the costs and the effectiveness of the 
two alternatives over a 15-year horizon, assuming a 10% in
flation rate. These are illustrated in Exhibits 21 and 22. 

The standard alternative, based on current overlay perfor
mance, would require an overlay every four years, though he 
could probably get away witfi minimal maintenance in the in
terim. The reconstruct alternative could require a $50,000 
outlay but, if designed properly, it should last 15 years with in
terim seal coating and crack filling. In spite of heavily dis
counting the future overlay costs, the present values of the 
two alternatives are $67,162 for overlaying and $51,610 for 
reconstructing. The annual equivalent uniform cost on a per-
square-yard basis tor the two alternatives would be $1.39 
and $1.07, respectively. 

EXHIBIT 18 
PRIORITIZATION USING CROSS-TABULATION 

OF PAVEMENT SECTIONS BY PAVEMENT 
CONDITION INDEX VS. TRAFFIC 

Traffic 0-20 20-40 40-6060-8080100 
ADT I PCI 
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Pavement 
Sections in 
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Primarv 
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The effectiveness of the two alternatives may be defined 
as the product of how much they improve the condition of the 
pavement and trow long they last. In this instance, both will 
initially bring the pavement's surface up to an excellent 
condition. The difference is in the life span. If we de
fine the effectiveness of the two alternatives as the area 
under the curves shown in Exhibit 22, their effectiveness is 
very similar: 509 and 568 respectively. However, the overlay 
alternative will result in the surface of the pavement being in 
a noticeably deteriorated condition for 6- lo 9-month inter
vale on three different occasions over the horizon period. 

Date 

1950 
1950 
1955 
1957 
1961 
1967 
1970 
1974 
1978 
1981 

EXHIBIT 19 
PAVEMENT STRUCTURE AND 

MAINTENANCE HISTORY REPORT 

Thickness 

In. 
4 
3 

1 

1 
1 
1 

Cm. 
10.2 
7.6 

2.5 

2.5 
2.5 
2.5 

Layer Material 

Subbase 
Base 
Surface Asphalt 
Surface treatment Chip seal 
Surface treatment Slurry seal 
Overlay Asphalt 
Surface treatment Chip seal 
Overlay Asphalt 
Overlay Asphalt 
Overlay Asphalt 
Surface Patch 

EXHIBIT 20 
PAVEMENT INSPECTION REPORT 

Inspection Date 
1980 
1982 

Distress 

Alligator 
Linear and transverse 
Patching 
Rutting 
Rutting 

PCI 
70 

M 
Severity 

M 
M 
L 
L 
M 

Ciment Deterioration 
20pts 

Quantity 

1,682 sq. ft. (156 sq. m.) 
175 lin. ft. (53 m.) 

17,066 sq. ft. (1,585 sq. m.) 
610 sq. ft. (57 sq. m.) 

18.29 sq. ft. (1.7 sq. m.) 

Since this will have some effect on users and their cost of 
driving, Jones may want to weight the pavement condition in
dex (FKDI) level between 100 and 70 as being more valuable 
than the PCI level between 70 and 60 and again between 60 
and 50. Such a weighting is called a "utility function," and it 
can be used effectively lo reflect user costs or other local 
values in decision making. In either case, the reconstruct op
tion, even though it has a higher initial cost. Is the more cosl-
effective alternative. 

A second project involves a half-mile (0.8-km) section of 
Broadview, also an arterial but with considerably less traffic. 
The PCI on this section of pavement had dropped 15 points in 
the past 18 months. The inspection report showed a con
siderable amount of load-related distress. Again, standard 

EXHIBIT 21 
ECONOMIC ANALYSIS OF OVERLAY 
AND RECONSTRUCTION ANALYSIS 

Alternative 1 
1 in. (2.5 cm.) Overlay and local repair 
1.5 in. (3.8 cm.) Overlay every 4 yrs. 

Alternative 2 
Reconstruct 
Sealcoat every 5 years 

Cost Alternatives 

Cost 
$21,400 
$31,170 

$50,000 
$ 1,600 

Initial cost 
Present value 
Equivalent uniform 
annual cost 
EUAC/sq. yd. 

$21,400.00 
67,162.00 

8,830.08 
1.39 
1.16 

$50,000.00 
51,610.00 

6,785.00 
1.07 
0.89 
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policy might have been a 1 -inch {2.5-cm) overlay. The load 
damage on some sections appeared to be severe enough to 
consider a reconstruct alternative. Close examination of the 
inspection report and a listing of the deflection testing results 
suggested yet another alternative. The cracking appeared to 
be highly localized. Indeed, the deflection testing showed 
that some of the pavement had good strength for the traffic 
level it was carrying. Only specific portions were weak. 
Perhaps the failure was due to a localized drainage problem. 

EXHIBIT 22 
BENEFIT ANALYSIS OF OVERLAY AND 

RECONSTRUCTION ALTERNATIVE 
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which could be repaired with a large deep patch followed by 
a thin overlay. 

The life-cycle costs of the three alternatives are shown in 
Exhibit 23. Clearly, the patch and resurface alternative has 
the lowest long-term costs, and since its performance is 
identical lo the first alternative and very similar in area lo the 
third, it is also likely to be considered the most cost-effective, 
unless an unusual weighting scheme is chosen. 

When Jones' staff engineers have completed alternatives 
analyses for each of the potential major maintenance proj
ects, he may find that the total cost of the tentatively selected 
alternatives exceeds his budget. He may choose lo use an 
optimization feature of his PMS, which will consider the costs 
and the benefits of the several alternatives of each of the 
candidate projects in light of a constrained budget. The pro
gram will optimize the benefits, or what we have defined as 

EXHIBIT 23 
ECONOMIC ANALYSIS OF THREE 

MAINTENANCE ALTERNATIVES 

Initial cost 
Present value 
EUAC 
EUAC/sq. yd. 
EUAC.sq. m. 

$40,500.00 
56.847.00 

7.475.00 
1.02 
0.85 

Alternatives 
2 

$58,000.00 
59,800.00 

6,862.00 
1.07 
0.89 

$30,500.00 
46.845.00 
6.159.00 

0.84 
0.70 

Alternative 1 2-in. (5.1 cm.) Overlay. 10-yr. life: 2 seal coaU 
Localized repair, Second overlay 

Alternative 2 Local deep patch, Overlay after 10 years 
Alternative 3 Reconstruction, 25-year life: 2 seal coats 

"effectiveness," with the money available. This may mean in 
some instances choosing a less than optimal alternative on 
one project (where the "best" alternative had a very high 
capital cost) so that two other projects that would yield high 
benefits could be accomplished. 

Project Management with PMS 
Once the allernalives for each project have been estab
lished, planning and design end and project management 
begins! The PMS is able to provide Jones with a listing of 
routine maintenance needs and material quantity estimates. 
Further, based on the historical cost tables, he is able to 
estimate the number of personnel hours he has programmed 
tor the maintenance season — totally and by project. He can 
also get an estimate of equipment needs. 

It is clear that some of the work planned for the season will 
have to be contracted out. In reviewing the cost report, he 
can see that overlay jobs that have been contracted out have 
just about matched the city's costs, whereas the city seems 
to be more efficient in routine maintenance and total 
reconstruction. Thus, he will contract out for the overlay 
work. 

The bid specifications are relatively easy to prepare, given 
the fact that the information needed is all part of the data 
base. He is also aware, in reviewing the data base, that the 
overlays of one particular company have tended to 
deteriorate quickly and that becomes one factor in the selec
tion process. 

In this example, a PMS has resulted in making street 
maintenance a positive public issue. II has resulted in in
creasing the maintenance budget and putting the city on a 
solid long-term program for improving the overall condition of 
the street network. And, il has resulted in a careful targeting 
of Ihose now-increased funds. More careful attention is now 
given to deterioration cause and to alternatives analyses, 
which, in some instances, have resulted in immediate cost 
savings. In other instances they have ensured more value for 
the dollar spent. The PMS has made project management 
smoother and more efficient and has resulted in better con
tractor performance. 

Though this example is fictional, it is based on the ex
perience of several cities that have successfully im
plemented PMS programs. Those experiences have been 
melded together here to illustrate the spectrum of PMS 
capabilities and benefits. 
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5. Does PMS Really Work? 

Let us leave the fictional community of Streeterville where 
our purpose was to illustrate the capabilities of a PMS and 
look at the results of several PMS implementations across 
the United States and Canada where benefits have been 
documented and quantified. 

Network Level Savings 
Kansas. One of the oldest documented PMS efforts is in the 
state of Kansas. The Transportation Research Board in 
NCHRP Synthesis No. 58 reports that " . . . in Kansas a 
strategy was developed in which maintenance is done in 
'reverse order': the highways in the best condition and with 
the highest traffic volumes receive first priority, and 
assignments are continued until the poorest roads are 
repaired. The Kansas operation has been in effect for 10 
years. After the first four years, quantities of aggregate and 
asphalt used for both surface tepairs and resurfacing were 
reported to be progressively lower each year " (Emphasis 
added.) 

Arizona. The state of Arizona has also had a program in ef
fect long enough to begin showing quantifiable results. A 
paper in the December 1982 issue ot Interfaces, by the prin
cipals involved in the implementation, reports that with a ma
jor portion of the Arizona Interstate completed in the 
mid-1970s, Arizona shifted its emphasis to maintenance. 
During that same perrad. the cost of materials, which con
stituted nearly 40% of the maintenance budget, almost trip
led. As a result, the pavement preservation budget went from 
$25 million in 1975 to $52 million in 1978 and was not keeping 
pace with anticipated needs. 

Alarmed at the escalating costs and very tight revenues, 
the Arizona Department of Transportation (ADOT) con
tracted with Woodward-Clyde Consultants in 1978 to develop 
a decision-making tool — a Pavement Management System 
— for the department. During the first year of implementa
tion (FY80-81) the reported savings for pavement preserva
tion was $14 million. Ttiis is based on the fact that ADOT 
budgeted .$46 million during that period to maintain roads to 
their existing standard. Using the PMS and following its 
recommended policies, ADOT was able to achieve Ihe same 
standards with $32 million. The following year, the same 
budget was down to $28 million, which was reportedly suffi
cient to keep roads above previous standards. 

Exhibit 25, which was prepared by the Federal Highway 
Administration, illustrates the impact the PMS has had on the 
state's 4R (restoration, rehabilitation, reconstruction, resur
facing) expenditures. Column 2 represents ADOT's current 
estimates of funds needed to implement the PMS-developed 
optimized rehabilitation program. In column 3 are estimates 
of 'what would have been spent" based on historical trends. 
Column 4 represents the difference or "savings" that ADOT 
refers to as "surplus" 4R funds, which will now be used to 
meet other needs. 

Exhibit 26 shows a similar analysis for primary and secon
dary federal road funds. Combined, the total savings or 

EXHIBIT 25 
FIVE-YEAR PRESERVATION FUND ANALYSIS 

FOR ARIZONA DEPARTMENT OF 
TRANSPORTATION'S INTERSTATE 

Fiscal Yr. 

1982-83 
1983-84 
1984-85 
1985-86 
1986-87 

Total 

SYSTEM (millions) 

Interstate Funds 
Preservation Available 
Funds Needed (4R) 
$13.2 $17.0 

18.5 28.3 
19.0 37.1 
20.0 37.1 
21.0 48.0 

$91.7 $167.5 

Surplus 
4R Funds 

$ 3.8 
9.8 

18.1 
17.1 
27.0 

$75.8 

EXHIBIT 26 
FIVE-YEAR PRESERVATION FUNDS ANALYSIS 

FOR ARIZONA DEPARTMENT OF 
TRANSPORTATION'S PRIMARY AND 

SECONDARY ROADS (millions) 

Hscal Year 

1984-5 
1983-84 
1984-85 
1985-86 
1986-87 

Total 

Primary-Sec
ondary Funds 
Needed 
$23.1 

30.3 
36.6 
38.3 
40.9 

169.2 

Funds 
Available 
(PSCF) 
$23.1 

36.7 
43.0 
44.7 
47.3 

194.8 

Surplus 
PSCF 

$ 0 
6.4 
6.4 
6.4 
6.4 

25.6 

"surplus" to the state of Arizona over a 5-year period is 
$101.4 million. 

Ottawa-Carleton, Ontario. The Regional Municipality of 
Oltawa-Carleton has also documented some rather dramatic 
network-level savings, which resulted from a pavement 
management system that was implemented with the 
assistance of Pavement Management Systems, Ltd. Accord
ing to Michael Sheflin, Transportation Commissioner for the 
region, "the 1980 current budget requests (were) 14% less 
than the 1977 budget received; that is equivalent to 43% less 
in constant dollars over 1977. or a $6.8 million savings 
alone." At the same time, he said, "the condition of the road 
system has continually improved. The key to this happy con
dition," he claims, "has been road inventories leading to suf
ficiency ratings permitting timely and economic rehabilita
tion decisions." The savings were possible, he points out, 
"because the council a few years ago approved a program of 
resurfacing and repair at the right time as determined by 
testing rather than waiting until after roadways deteriorated 
beyond repair." 

The Ottawa-Carleton PMS program uses a data base of 
roughness, deflection, and distress measurement as well as 
structural and maintenance records. In essence, Sheflin in-

28 APWA REPORTER I NOVEMBER 1983 



itially used this data to "sell" the council and the public on 
the need for increased funds to bring the network up to a con
dition where it could be maintained al a lower cost. One of 
the more effective visuals in this camoaiqn was a color-
coded condition map of the street system. The data have 
since served as an effective guide for timing maintenance. 
Another effective selling point was his calculations of the 
cost to users of not making timely street repairs (in travel 
time and car repairs). Today Sheflin is able to deliver on his 
promise of "lower maintenance costs." 

improved Road Conditions 
Military. When the U.S. Army Corps of Construction 
Engineers was doing research and development on the 
PAVER pavement management system. It compared two 
military bases — one that used the systematic pavement 
management approaches that are discussed here, and 
one that did not. The networks of both bases were about 
the same and the maintenance budgets were the same. Yet, 
a systematic pavement condition evaluation showed the 
base using PMS methods to have an average network condi
tion of 75 (on a scale of 100 equals excellent and 0 equals 
failed), while the network average for the second base was 
41. 

Project Level Savings 
Project-level savings are more typical and can be achieved 
without the full-blown Implementation of a network-wide PMS 
by simply employing the principles of careful pavement 
evaluatbn and Irfe-cycle costing. Two projects are presented 
here as examples of the kind of savings that can be achieved. 

Aurora, Colorado. The city of Aurora, Colorado, had pro
grammed portions of lliff Avenue for widening. The initial plan 
was total reconstruction; however, an analysis of deflections 
and corings taken on the street by the consulting firm PMS in
dicated that several portions of the existing pavement were 
structurally sufficient and could be saved. The estimated 
savings from the changed course of action resulting from 
this analysis were $43,000. 

Whittler, California. Because of poor ride quality and visi
ble surface cracking, a half-mile (0.8-km) stretch of Norwalk 
Boulevard in Whittier, California, had been programmed for a 
$350,000 reconstruction. After a comprehensive pavement 
evaluation carried out by Novak, Dempsey & Associates, 
areas where full-depth patching would suffice were found. 
The patching was combined with a su rf ace rehabil itation pro
gram consisting of coldmilling 2 inches (5.1 cm) of the ex
isting surface and applying Petromatt fabric plus a 2-inch 
(5.1-cm) AC overlay. The cost of this approach was $100,000, 
resulting in a savings to Whittier of $250,000. 

Great Lakes Naval Training Center, Illinois. When the 
PAVER PMS was implemented for the entire street and park
ing lot system of the Great Lakes Naval Training Center, a list 
of 29 pavement sections needing immediate M & R work was 
developed. ERES Consultants, Inc. who assisted the base in 

EXHIBIT 27 
COMPARISON OF THE AVERAGE PAVEMENT 

CONDITION OF TWO MILITARY BASES 

40-

35" 

Military Base 
with Pavemsnt 
Management 
System 

30-

25-

20-

MilHaty Base IS -
Using Ad-Hoc 

0. 

implementing PAVER, designed several M & R alternatives 
for each project from data in the PAVER data base (PCI, 
distress, deflections, traffic, etc.) and ultimately found an op
timum alternative for each project based on the lowest life 
cycle cost. The equivalent uniform annual cost per square 
yard for all projects based on a 20-year horizon was $1.34 per 
square yard per year. 

At the same time a set of designs for the same projects 
were developed using traditional design methods by an in
dependent firm. A life cycle costing of these solutions over a 
20 year horizon resulted in an equivalent uniform cost of 
$2.70 per square yard/year. The total savings as a result of 
using the PMS approach over a 20-year period were 
estimated al $752,000. 

Improved Management Productivity 
U.S. Army. In an evaluation of the PAVER system for poten
tial approval for use on all army bases, the U.S. Army Corps 
of Construction Engineers Research Laboratory (CERL) 
evaluated the management time required to carry out six 
management functions typically associated with pavement 
maintenance for a network of about 200 lane miles (322 km): 
• Inspect Pavement Periodically 
• Determine Maintenance & Repair (M&R) Requirements 
• Set Priorities 
• Validate M&R Projects 
• Estimate Costs of M&R Requirements 
• Long-Range Planning 

The staff hours required to carry out these activities under 
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the old ad hoc pavement mainlenance approach were de
rived from existing records and estimated al about 1,200 
hours per year. The dollar cost was found to be about 
$17,000. The level of effort required to perform the same 
tasks using the PAVER system were derived from a prototype 
lest implementation and estimated to be 480 hours or about 
$6,800. The PAVER system incurred an additional computer 
cost of $3,000 and was charged $1,700 by military head
quarters for technical assistance, so that the total manage

ment cost under the PMS system was $11,500, a savings of 
more than 30%. 

The dollar savings in both management lime and mainte
nance costs that can be achieved by a PMS are real. And we 
point out that these are in addition to numerous other "hard-
to-quantify" benefits (such as being able to make a convinc
ing case for a long-over due maintenance budget increase). 
These non-quantifiable benefits are, in many cases, just as 
important. 

6. PMS Implementation 

Implementation of a pavement management system is more 
than collecting deflection or pavement distress data. It in
volves clearly identifying (and perhaps changing) the way 
mainlenance decisrans are made. Al minimum, it involves in
tegrating this deciskjn-making process among several, often 
separate, city functions. If the system is to serve the 
decision-making process effectively, the key decision 
makers must t»e involved in the early implementation phases 
that set the scope of the PMS. With that in mind, the following 
section presents a brief overview of the entire implementa
tion process. It is not a detailed set of start-up instructions — 
rather it is an overview designed to inform a senior public of
ficial of the process and to highlight those elements that 
deserve close attention — those areas that should probably 
not be delegated. 

In 1980 the Transportation Research Board conducted a 
series of high-level workshops on pavement management. 
The proceedings included an excellent discussion of the 
steps involved in PMS slart-up and use. We will draw (in 
some cases verbatim) primarily on that summary, augment
ing it with lessons we have learned in monitoring six test im
plementations of the APWA-COE PAVER PMS. 

The Decision to Start 
This may begin with an expression of interest from the city 
manager, or director of public works, or from staff who 
develop a proposal estimating the costs and benefits of a 
PMS and present it to senior public officials. Regardless of 
where the idea begins, when the decision to go forward is 
finally made, it is critical that il have the concurrence and 
commitment of the mayor or manager and the senior officials 
charged with budgeting, routine street maintenance, and 
pavement engineering and construction. Much of the power 
of the PMS can be lost if, for example, an engineering division 
responsible for overlay designs implements a PMS but the 
conclusions regarding seal coaling, patching, and crackfill
ing are never integrated into the street maintenance func
tion's decision making. 

Establish a PMS 
Steering Committee 
This committee should include the senior officials from the 
functions mentioned above as well as the core group who will 
be charged with implementing the system. (This latter group 
should include a representative from the data processing 
function if one exists.) In addition to serving as a sounding 
board throughout the implementation process, this group 
needs to establish clearly: 
• What the objectives of the system are and what the prin
cipals expect to get from the PMS over the short and long run 
• How the decisions are made now and how this process will 
change and/or support that process 
• What Information iscriticaltodecisions, for example, what 
data are used in the local pavement design formulae 

EXHIBIT 28 
PMS IMPLEMENTATION STEPS 

1. Decision to Stent 

2. Steering Committee 
• Objectives 
• Decision Process 
• What Data 
• Where Will PMS Be Housed 

3. Select System 

4. Hardware/Software Needs 

5. Demonstration Start-up 
• Training 
• Data Collection 
• Computer Input 
• Testing the Programs 

6. Full-Scale Implementation 

7. Routine Operation 

8. Improvement of System 
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• Where the PMS will be "housed" — ideally all functions 
will have access to the data base, but accountability must be 
assigned to a particular division or department for maintain
ing and updating the data base. 

Selecting a System 
Based on obiectives, needs, and scope established by the 
Steering Committee, a PMS can either be selected from 
those available on the market (which closely match the com
mittee's specifications) or a system can be custom-
designed. We make the following observations regarding this 
selection process: 
• Regardless of the system selected, assembling the 
records on pavement structure and maintenance history is 
likely to be one of the most expensive and labor-intensive 
elements. When comparing system costs, this cost should 
be separated. 
• When comparing similar systems, carry out a life cycle 
cost analysis ot the alternatives, incorporating both the up 
front implemenfation costs and subsequent use and upkeep 
costs. 
• Make sure the agency "owns" and has physical access to 
the data base established, and thai it contains the data the 
agency needs. 
• The PMS shoukl have most, if not all, of the capabilities 
discussed in Section IV. 
• Make certain that your staff can understand, use, and de
fend the methods used in the system. You don't want to buy a 
system that your staff can't learn to use over the long run or 
you run the risk of the system being underused and of your 
staff not being able to sell the recommendations to council or 
others. 
• Because pavement management is still a rapidly growing 
"science," youragency's system should be capable of grow
ing and changing if necessary. 

Acquire Necessary 
Hardware and Software 
Determine what, if any. special equipment will be needed to 
collect the data required in the dala base. Also, computer 
hardware and software needs should be assessed. Here, 
data processing personnel can be helpful in assessing what 
capabilities your agency currently has and what additional 
equipment needs to be purchased. 

Demonstration Start-up 
We have found it critically important to start-up with a small 
test network. This allows the bugs to be worked out of the 
data collection process. It allows the system formulae and 
methods to be checked and verified with real data. And It 
gives the Steering Committee an opportunity to review the 
products and determine if they really can be used to make 
decisions. We have found that this small-scale start-up can 

reduce the cost of the full-scale implementation significantly. 
Start-up will generally entail: 

• Data collection. This is likely to be the most expensive and 
time consuming element of implementation. Two types of 
data should be collected: historical (costs, structure, traffic 
mainenance history etc.) and current pavement condition 
data (distresses, deflection, etc.). The historical information 
is likely lo be the most time consuming and labor-intensive, it 
must be done, however, if the implementation is to be 
something more than a one-shot project analysis. And 
although there are no known short cuts to this effort, the cost 
can be reduced by collecting only the bare minimum of data. 

A number of techniques can reduce the cost of collecting 
condition assessment data, however, including sampling 
techniques, defection testing machines, dictating equip
ment, roughness meters, hand held computers for field data 
input, laser equipment and so forth. 
• Preparing the data for data storage. This involves "key 
punching" data from the field and from the historical records 
into a computer. In fact, key punching is almost an obsolete 
data input mechanism. Many agencies develop' 'forms'' that 
appear on a CRT screen that a clerk can fill out on the com
puter terminal from field records. Others have developed 
programs on hand held calculators to "computerize" the in
formation in the field. Of the three data collection items 
discussed: historical data collection, field data collection, 
and data input, the later is a relatively minor cost element. 
• Testing the programs and other PMS procedures for 
reasonableness. Once the test data has been input, the pro
grams need lo be tested, preferably by the agency's own 
staff to determine whether the results are reasonable. 

After start-up there should be a demonstration of the work
ing system to top management (Steering Committee) to en
sure that the results meet initial objectives. 

Implementation on a 
Full-Scale Basis 
Based on the results of the demonstration, full-scale im
plementation can proceed. 

Routine Operation and Use of the 
System 
Within 24 to 36 months, the system should be ready to be 
used routinely for each level of decision making and pro
cedures should be underway for updating the information 
base of the system routinely. 

Improvement of the System 
We are confident that the information assembled for a PMS 
will give your staff new Insights into the science of pavement 
management that it will want to incorporate into the system. 
Plan for il and encourage it! 
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7. About APWA-COE PAVER 

The primary purpose of this article has been lo introduce mayors, city managers, and other senior 
public officials to pavement management and present sufficient evidence to have this audience 
seriously consider the adoption of a PMS in their own communities. The American Public Works 
Association believes that the benefits are substantial. Indeed, the methods and concepts presently 
incorporated under the PMS umbrella will become an indispensable tool for managing the upkeep of 
local streets. 

To facilitate and perhaps speed up the adoption of this more systematic approach to the manage
ment of pavement maintenance, APWA has taken the unprecedented step of testing and evaluating a 
PMS system and making It available on a non-profit, cooperative lime-sharing basis. This final section 
provides a brief introduction to the system. 

PAVER Features and Capabilities 
APWA-COE PAVER is a pavement mainlenance management 
system initially developed by the U.S. Army Corps of Con
struction Engineers Research Laboratory (CERL) for military 
bases. It has been tested and adapted for city and county use 
by APWA. Based on these evaluations, we have found It to be 
a valuable tool to kKal agencies in developing cost-effective 
progranns for maintaining street networks. 

The system consists of a computerized data base and a 
number of programs that store, retrieve, and manipulate the 
data as weli as perform a variety of analyses and calcula
tions rajuired for network, project, and management-
level decisions. 

The data base will store roughness, skid resistance, ride 
quality, deflection, and distress data about each section of pave
ment SS v/ell as numerous other types of data on secondary 
structures, drainage, traffic, pavement structure, mainlenance 
history, etc. In addition, the system stores detailed cost 
records and the local maintenance policy. 

We caution that all this data is not required lo use the 
system effectively. New types of data and new streets can be 
added to the data base on an incremental basis. 

The system's programs rely primarily on distress analysis 
for ranking, budgeting, and forecasting. These data are col
lected by trained inspection teams on a sampling basis. 

Examples of the system's capabilities have been well il
lustrated tn Section 4 of this article. Numerous other 
analyses and system uses are possible because the system 
can incorporate programs and procedures developed for 
and by a local agency. The only capability discussed in 
this article that PAVER does not have is an overlay 
design methodology. Because design requirements vary 
substantially from state to state, inclusion of such 
a feature was impractical. Instead, the data base con
tains most, if not ail, of the information required for most 
design methods. 

The system can be implemented very successfully by a 
local agency's staff if they have been trained. The agency 
may, however, find some benefit in calling on a PMS consul
tant to help prepare the first sets of budgets or projects using 
the data. It will take some time for your staff (unless they are 
experts) to learn to use the full power of the system. 

Access lo the PAVER programs themselves is through an 

APWA time-sharing account using a small desk-top com
puter such as an Apple, TRS-80, or an IBM-PC. The system is 
sufficiently user-friendly that the user needs no prior com
puter experience or local agency computer support to use it. 

Background 
PAVER was initially developed some 10 years ago by CERL 
as a tool for managing the maintenance of streets and park
ing lots on military bases. Because of the extensive research 
behind the system, its proven success in the military, and 
because it met the criteria that had been outlined in literature 
of a good PMS system, APWA initiated a quarter-million-
dollar effort to test, evaluate, and transfer this technology. 
More than 80 local agencies provided the funds for this ef
fort. 

The system was implemented in six cities. Our conclu
sions from these efforts are: 
• The system is feasible, practical, and applicable for use by 
local agencies and has the potential for offering the full spec
trum of PMS benefits to users. Further, the system can grow 
with changing technology. 
• The distress inspection process has been sufficiently well-
documented that it can be carried out with low-skilled labor 
with repeatable, consistent results. 
• The system can be successfully implemented In-house 
with agency staff. There is, however, a steep learning curve 
that makes a small start advisable. 
• After the learning curve phase, agencies are reporting im
plementation costs in the neighborhood of $50 per lane mile. 
This includes historical data collection, field collection, and 
data input. These costs are considerably lower than those in
itially incurred by the test sites largely because the reporting 
agencies are following guidelines developed from the 
lessons learned at the test sites. 

APWA also contracted with a team of researchers from 
Purdue University to evaluate the PAVER pavement manage
ment system. They concluded that "the PAVER systems was 
found to be the most versatile and powerful pavement 
management program we have ever used." They further 
suggested that "several additions or modifications to the 
program would make il even more useful." Some of the 
teams' suggestions have been added, others are under con
sideration for addition in subsequent years. 

32 APWA REPORTER / NOVEMBER 1983 



Access to the PAVER 
Time-Sharing System 
Because the PAVER programs are written for a specific main
frame computer, whicti most agencies don't have, and because 
the programs use a fairly sophisticated dala base manager 
(type of software), v/hich would be quite expensive for most 
agencies to acquire ($200,000), APWA has decided to make 
the system available on a lime-sharing basis. Under 
this approach, several agencies share Ihe cost of maintain
ing the program, and each agency is charged only when it 
uses the system, which we expect to occur only three to four 
times a year — during annual budget preparation, 
maintenance scheduling, and pavement inspection; and at 
the end of the maintenance season for updating purposes. 
Those few access times hardly justify acquiring the 
necessary staff, hardware, and software necessary to own 
and maintain such expensive software. An agency's data 
base is its own, and agency staff can manipulate portions of il 
on a kDcal desk-lop computer at no cost. When an agency 
needs the PAVER programs, they are only a phone call away. 

Each agency will receive, upon application and payment 
of an annual fee, an account from APWA and a password 
(which may be changed) to access its own account. PAVER is 
accessed by dialing an 800 telephone number (if a local 
number is not available). Reports and data analysis will be 
generated at the agency and printed out at the agency on its 
own printer. (Altematwely, reports can be printed by the time
sharing vendor and mailed to the agency.) 

The annual fee is used to pay the cost of keeping the pro
gram on line, to support technical assistance for trouble 
shooting, to maintain the program, and to support the ad
ministration of the program. Since it is run on a cooperative 
basis, these fees will go down as the number of users goes up. 

Implementation Costs 
An agency's cost will vary, depending on how much data il 
collects, whether an agency uses college students or more 
expensive "trained observers" for field inspection, and on 
the condition of the jurisdiction's pavement. Based on the 
results of the APWA test sites, we suggest the following for 
estimating purposes: 
Start-up Costs 
• 6 to 8 hours/lane-mile for implementation ($50-$75/ln. mi)* 
• $8/lane-mile initial data entry computer costs 
• Computer hardware 
• APWA start-up fee (one time only, no charge for project 
sponsors) 
Members Non-Members Population 
(APWA) 
SI 50 $250 0—14,999 
400 600 15.000 — 49,999 
600 1000 50,000 — 499,999 

1000 1500 500,000 and up 

Annual Costs 
• Reinspection costs — about 10 minutes per sample unit 
• Computer costs (rough estimates) $2500 to $3500/year 
• Annual account fee 

Sponsor' 

$ 250 
500 
750 

1000 

i Members 
(APWA) 

$ 300 
600 
850 

1000 

Non-
Members 
$ 400 

750 
1200 
1400 
1000 

Population 

0— 14,999 
15,000 — 49,999 

50,000 — 499,999 
500,000 and up 

Consultants 

We note here that any consultant may access APWA-COE 
PAVER directly for an annual account fee of $1,000. There is 
no start-up fee assessed. For that fee. the consultant may 
serve as many dala bases as desired. Alternatively, an agen
cy can lake out an account with APWA and pay the computer 
fees and "own" the dala base, but for the period of time that 
the consultant is retained, APWA will give the consultant ac
cess to the account. 

Training 
APWA plans lo provide PAVER implementation training ap
proximately twice a year through the Education Foundation. 
The next course is scheduled for March 13-15, 1984, in Ana
heim, California. We recommend the course lo anyone con
sidering any type of PMS implementation. It is one of the 
best investments an agency can make toward gaining more 
hands-on skill about pavement management. 

Implementation Assistance 
Further, APWA, the time-sharing vendor, and CERL will be 
available lo provide technical assistance in the implementa
tion process. We will not, however, attempt to provide advice 
calling for pavement engineering judgment. Instead, we will 
refer the agency lo a group of pavement management con
sultants who formed an ad hoc committee to advise and 
assist APWA in carrying out this project. 

The Future 
PAVER Is not a complete pavement management system — 
none exist to our knowledge. There are many desirable im
provements that we are aware of. Further, we are sure many 
of our users will find more. Thus, we have formed an APWA 
PAVER Users Group lo share information among users and 
to guide APWA on improvements that need to be made. We 
expect small improvements to be made from the existing 
user group budget. For major improvements, a special volun
tary assessment will be made. 

Includina hisloricai data collection, field data collection, and dala input. 
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Asset Management and Innovative Finance 

By: Daniel L. Doman, Vice President 
Infrastructure Management Group, Inc. 

ABSTRACT 

This paper explores the implications for innovative finance resulting from recent developments 
in infrastructure asset management. Of particular note are the infrastructure reporting 
requirements associated with the Governmental Accounting Standards Board's (GASB) 
Statement No. 34, which have the potential to revolutionize the ways in which infrastructure is 
financed, managed, preserved, and documented in this country. The paper begins with a 
discussion of the capital biases associated with traditional federally funded highway programs. It 
then describes the advent of innovative financing approaches that have evolved in response to the 
inability of the Federal Highway Trust Fund to meet burgeoning highway infrastructure renewal 
and replacement needs. 

Within the context of these gradual changes in highway financing, the paper summarizes the 
infrastructure reporting requirements of GASB Statement No. 34. It then describes the rationale 
for these requirements and identifies the likely consequences of compliance and non-compliance 
by state and local governments. The paper suggests a number of asset management and related 
financial consequences of these new financial reporting requirements, including several 
iimovative strategies for funding asset management, GASB 34 response efforts, infrastructure 
rehabilitation, and the creation of infrastructure asset databases to support infrastructure planning, 
mobilization, and utilization efforts at all levels of government. 

EXECUTIVE SUMMARY 

Currently trillions of dollars in public infirastructure are not reflected in the financial statements 
of state and local governments. As a result, these assets are considered sunk costs whose only 
financial significance is the drain they represent on the maintenance budgets of infrastructure 
agencies. Traditional highway funding arrangements have favored capital expenditures for new 
construction by leaving maintenance funding responsibilities to state and local governments. The 
availability of relatively cheaper capital funds from the Federal government has inadvertently 
encouraged state and local governments to defer maintenance on their highway systems. This has 
produced higher life-cycle costs for highway infrastructure when compared to proper asset 
preservation. 

The infirastructure reporting requirements of the Governmental Accounting Standards Board's 
(GASB) Statement No. 34 have the potential to radically change the way highway infrastructure 
assets are fmanced, documented, and ultimately managed. For those governments choosing the 
so-called modified approach, GASB 34's infrastructure reporting requirements will enable state 
and local governments that preserve their infrastructure assets to avoid having to report 
depreciation of these assets. This will encourage infi-astructure managers to focus more attention 
on asset maintenance and long-term preservation through appropriate asset management efforts. 
Bond rating agencies will begin to rely on GASB 34 reporting to assess the financial condition of 
government borrowers and rate their bonds. Since state and local governments will now be held 
accountable for how they manage their infrastructure, they will no longer be able to simply wait 
for Federal capital funds to replace their prematurely deteriorating infrastructure. This will 
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influence how infrastructure fiinding is structured in the fiiture relative to capital and 
maintenance efforts. 

One possible financial consequence of GASB 34's infrastructure reporting requirements is the 
conversion of the Federal Highway Trust Fund program to essentially a block grant program. 
This will allow state and local agencies to decide how best to allocate their funding resources 
between capital and preservation needs. 

Another financial consequence of GASB 34 is the potential to securitize selected infrastructure 
assets. GASB 34's asset identification and valuation requirements will enable state and local 
jurisdictions to securitize their infrastructure assets, for the purpose of issuing long-term bonds to 
pay for the costs of implementing asset management systems, rehabilitating selected 
infrastructure assets, and complying with GASB 34. Shadow tolls provide a possible mechanism 
for generating the positive revenue stream to help securitize infirastructure assets. State 
Infrastructure Banks (SIBs) could become the primary means to consolidate securitization efforts 
across both state and local governments, and the primary conduit for dealing with public bond 
imderwriting companies. 

A third financing consequence of GASB 34's infrastructure reporting requirements is the 
potential to stimulate third party funding for a national spatial data infrastructure. With state and 
local governments required to identify and condition assess their infrastructure (particularly ifthe 
costs associated with preserving infrastructure assets are reported instead of depreciation), this 
information could be linked through open-architecture systems to create a national spatial 
database. Public agencies and firms that could benefit from this kind of information represent a 
potential source of fiinding for state and local efforts to cost-effectively document GASB 34 
infrastructure data. 

1. TRADITIONAL HIGHWAY INFRASTRUCTURE FINANCING APPROACHES 

Over the past forty years, highway infrastructure financing has been built predominantly on a 
pay-as-you-go basis. The Federal-Aid Highway Act of 1956 set the pattern for highway 
financing by establishing a "pay-as-you-go" plan that placed receipts from a national gasoline 
tax into a Trust Fund to pay for the Interstate System of Highways. Funds were collected by 
charging a fixed Federal tax per gallon of gasoline sold to the public. These fiinds were to be 
paid back to the states as construction of the Interstate System was completed. In subsequent 
reauthorizations of the Act, Highway Trust Fund moneys were allocated back to the contributing 
states on the basis of formulas that took into consideration the relative population levels of the 
state and other transportation and demographic data (lane-miles, vehicle-miles of travel, etc.). 

Federal funds were restricted to pay for most of the capital costs associated with designing and 
constructing the Interstate Highway System and other highways on the National Highway 
System. State and local gas taxes, motor vehicle registration fees, and driver license fees were 
used to match available Federal funds for new construction, and to pay for the costs of operating 
and maintaining the resulting highway infrastructure. 

For the first two decades of the program. Federal gas tax proceeds could only be used for new 
construction. Federal monies could not be used to pay for maintenance or rehabilitation. Hence, 
state and local highway programs that used Federal funding focused most of their attention on -
(1) spending available Federal Highway Trust Fund monies on new capital projects; and (2) 
meeting project schedules for letting construction contracts that commit these fiinds. 



This arrangement pleased politicians by creating numerous opportunities to demonstrate what 
they were doing for their constituents. The consulting engineering industry benefited by having a 
steady stream of capital projects to design and redesign. The road building industry benefited by 
having a steady stream of capital projects to build. 

2. CAPITAL FINANCING BIASES OF TRADITIONAL HIGHWAY FUNDING 
PROGRAMS 

With Federal highway funding focused on new construction, state and local governments were 
solely responsible for funding the maintenance and rehabilitation of highway infrastructure. To 
limit local expenditures, state and local highway agencies often deferred road and bridge 
maintenance and preservation efforts. While this led to the premature deterioration of highway 
infrastructure assets, state and lo.cal agencies assumed that Federal fiinds would be available to 
largely pay for their replacement. Essentially, the local leveraging effects of Federal capital 
funds masked the long-term costs of deferred maintenance. 

With highway programs being managed on a "pay-as-you-go" basis, projects were scheduled so 
that the available funds were expended as the project advanced from planning to design to 
construction. If there was a problem regarding project scope or budget, the "pay-as-you-go" 
approach permitted the responsible agencies to merely defer the project completion date until 
sufficient fiinds became available. 

As long as the supply of Federal Highway Trust Fund monies remained in abundance, the 
strategies of deferred maintenance and "pay-as-you-go" financing served state and local 
transportation agencies well. However, with the advent of the 1970s, these fiscal conditions 
markedly changed. Petroleum shortages, runaway inflation, post-Viet Nam War recession, and 
the emergence of environmental consciousness undermined the adequacy of the Federal 
Highway Trust Fund program to meet the needs of an expanding and aging national highway 
system. These influences boosted the costs of highway projects and lowered the revenues 
produced by the fixed per-gallon Federal gasoline tax. 

In the mid-1970s. Congress recognized the dilemma caused by the growing costs of road repair 
and the diminishing financial capacity of the Highway Trust Fund. The Highway Act of 1976 
established the 3-R Program to maintain Interstate highways in a state of good repair through 
Resurfacing, Restoration, and Rehabilitation. Subsequent legislation added Reconstruction to the 
list of eligible activities aimed at extending the life of the Interstate System of highways, with a 
particular focus on bridge rehabilitation and replacement. In 1983, Congress significantly raised 
the Federal gas tax while reducing the Federal share of highway project costs in certain 
categories. Despite these actions, it became apparent by the late 1980s that more creative and 
innovative efforts would be needed to close the widening gap between highway infrastructure 
needs and available resources to pay for them. 

3. INNOVATIVE HIGHWAY INFRASTRUCTURE FINANCING METHODS AND 
MANAGEMENT SYSTEMS 

During the 1980s, as infrastructure needs began to outpace traditional funding sources, state and 
local governments began to experiment with alternative ways to finance transportation 
infrastructure. Besides increasing user fees and taxes, this included: 

• Establishing special assessment taxing districts 

• Dedicating sales tax increments 



• Entering into design-build contracts. 

Starting with the passage of the Intermodal Surface Transportation Efficiency Act of 1991 
(ISTEA), and continuing with the passage of the National Highway System Designation Act of 
1995, the Transportation Infrastructure Finance and Iimovation Act of 1998 (TIFIA), and the 
Transportation Equity Act for the Twenty-First Century of 1998 (TEA-21), Congress has 
expanded the options available to state and local governments to finance highway infrastructure 
projects. These include: 

• Reaffirming the viability of toll-based financing of highway infrastructure 

• Capitalizing State Infrastructure Banks (SIB) in a number of states to augment traditional 
funding programs by: 
- Providing a range of loans and credit enhancement products 

- Providing a pooling mechanism for private and public funding involving all levels of 
government 

• Establishing a Federal credit program for projects of national significance that include 
secured loans, loan guarantees, and lines of credit 

• Encouraging private-public partnerships 

• Enabling state and local governments to bond against fiiture Federal funding allocations 
through Grant Anticipation Notes (GANs) and Grant Anticipation Revenue Vehicle bonds 
(GARVEE bonds) 

• Expanding design-build contract concepts to design-build-operate-maintain-fmance 

Other innovative financing approaches that have recently evolved include: 

• Long-term maintenance warranties (New Mexico) 

• Privatization of asset management (E-470 in Colorado), maintenance and operations 
(Virginia Interstate highways), and ownership (Highway 407 in Ontario) 

• Installation of high occupancy toll (HOT) lanes that charge tolls for access to restricted-
access lanes (Cahfomia). 

As the responsibility for transportation program funding increasingly passes to state and local 
governments, so too must the authority to decide how these fiinds are to be used and managed. 
Whereas traditional highway funding arrangements ceded to the Federal Highway 
Administration the authority to dictate the terms and conditions for administering these funds, 
the increasing involvement of state, local, and private-sector entities in financing highway 
infrastructure will lead to a gradual transfer of administrative authority to these entities. As a 
result, state and local agencies will begin to assess the life-cycle implications of capital 
programming and asset management decisions. This will have major impacts on the way 
highway infrastructure is planned, financed, managed, and maintained. 

Among the consequences of ISTEA and TEA-21 legislation is the growing adoption and use of 
pavement and bridge management systems by many state transportation agencies designated to 
administer Federal Highway Trust Funds. These management systems improve the cost-
effectiveness of infrastructure programs by tracking and programming preservation efforts over 
the life of the assets. The Federal Highway Administration continues to support these asset 
management systems through training and technical assistance. 



4. IMPLICATIONS OF GASB STATEMENT NO. 34 ON INFRASTRUCTURE 
FINANCE AND ASSET MANAGEMENT 

How state and local governments finance and administer highway infrastructure will also be 
impacted by the recent pronouncements of the Governmental Accounting Standards Board 
(GASB). The Board is a private, non-profit organization whose standards define generally 
accepted accounting principles (GAAP) for all state and local governments in the United States. 
In June 1999, GASB unanimously approved Statement No. 34: Basic Financial Statements—and 
Management's Discussion and Analysis—for State and Local Governments. Among other 
features, GASB 34 requires that state and local governments report on the value of their long-
lived infrastructure assets, including roads and bridges. These requirements apply to all 84,000 
state and local governments in the United States, of which it is estimated that about 28,000 own 
infrastructure assets. 

Rationale for Infrastructure Reporting 

Infrastructure assets contribute significantly to the viability of our nation's economy and the 
competitiveness of individual states and localities. With several trillion dollars invested in the 
nation's infrastructure, public agencies are faced with the choice of preserving these key assets at 
reasonable cost or deferring maintenance and having to prematurely replace them at much higher 
cost. 

GASB's decision to require state and local governments to publicly account for the value and 
condition of infirastructure assets reflects the importance of these assets to the financial and 
economic viability of these jurisdictions. It also recognizes what maintenance engineers have 
long known - that it is more cost-effective over the long term to perform preventive maintenance 
on infrastructure than to defer maintenance and incur premature replacement. 

Exhibit 1 shows how pavement condition changes over time when maintenance is deferred. 
While new pavements generally remain in good-to-excellent condition for several years with 
little or no upkeep, the rate of deterioration rapidly increases after 7 to 10 years. At 
approximately 20 years, the entire road must be replaced at high cost. 

Exhibit 1: Deferred Maintenance 
Pavement Performance Curve 

Exiiibit 2: Preventive Maintenance 
Pavement Performance Curve 
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Exhibit 2 demonstrates how periodic preventive maintenance efforts (such as crack sealing, 
drainage cleaning, or the application of thin overlays) can significantly extend the longevity of 
pavements, to up to 60 years. By reducing the frequency of asset replacement, research has 
shown that preventive maintenance efforts can reduce the life-cycle costs in infrastructure by 75-
90 percent, j This is demonstrated by Exhibit 3, on the next page, which shows the high costs of 
more frequent asset replacement' resulting from deferred maintenance strategies. 

Exhibit 3: Life-Cycle Cost Curves -
' y.: y \y- Deferred Maintenance versus Asset Preservation 
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Tom Peters noted in his book, Tiiriving on Chaos, "what gets measured gets done." GASB 34's 
infrastructure reporting requirements are intended to improve fiscal accountability for public 
investments in infrastructure. For infrastructure financed by general obligation bonds or revenue 
bonds, the investment community will have better data to understand governments' ability to 
service debt and properly care for infrastructure assets, once built. For infrastructure paid by 
various user fees and taxes, the general public and those paying the user fees and taxes will have 
greater assurance that what they are paying for will provide lasting service. 

GASB 34 Infrastructure Reporting Requirements 

The key aspects of GASB 34's infrastructure reporting requirements are summarized below: 

• Infrastructure assets must be identified and valued so they can be reported in the annual 
balance sheets of all state and local governments. 

• Valuation of infrastructure assets can be on the basis of either historical costs or discounted 
replacement costs. 

• Infrastructure depreciation must be reported each year - alternatively a Modified Approach 
that reports on the costs and results of preservation efforts can be used under certain 
conditions. 

• The Modified Approach to infrastructure preservation reporting requires the reporting 
jurisdiction to institute an asset management system that: 



- Maintains an up-to-date inventory of eligible infrastructure assets 
- Performs condition assessments of eligible infrastructure assets at least every three years, 

using a replicable basis of measurement and measurement scale'' 

- Summarizes the results, noting any factors that may influence trends in the information^ 

- Annually estimates the amount needed to maintain and preserve the eligible infrastructure 
assets at or above the established condition level*̂  

- Ensures that the results of the three most recent condition assessments meet or exceed the 
established condition level̂  

- Compares the estimated amount required to maintain and preserve eligible infrastructure 
assets at or above the established condition level with the amounts actually expensed for 
each of the past five reporting periods.^ 

• Annual financial reports must include sufficient documentation to justify the use of the 
Modified Approach, prove that infrastructure assets are being preserved, and describe the 
asset management methodologies and standards used. 

• Selection of asset management methodologies, standards, performance criteria, and systems 
is left to the discretion of the responding jurisdiction. However, it is expected that each 
jurisdiction be consistent in how they respond from year to year. 

Asset Management System Components 

The Federal Highway Administration (FHWA) and the American Association of State Highway 
and Transportation Officials (AASHTO) define asset management as "a systematic process of 
maintaining, upgrading, and operating physical assets cost-effectively."' The following box lists 
key components of an asset management system for supporting GASB 34 reporting.'" 

Asset Mariagement System Componeiits 

Asset Inventory - linked to a Geographic Information System 
• Asset Valuation Processes 
• Performance Measures and Standards 

; • Quantitative Condition Assessment Processes 
* • Performance-Prediction Capabilities 
• • Usage Information 
: • Asset Management Planning Systems 

- Pavement Management System 
- Bridge Management System 
- Maintenance Management System 

:• Asset Renewal/Replacement Analysis Methods 
: - Life-Cycle Costing 

- Cost-Effectiveness Analysis 
- Equivalent Annual Cost 
- Longevity Cost Index 
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Exhibit 4 shows how a comprehensive asset management system integrates across the life-cycle 
phases of highway infrastructure assets. As demonstrated by this exhibit, asset management is 
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more than just a maintenance approach. If properly implemented, it should influence all aspects 
of infrastructure development, maintenance, and disposal. Individual infrastructure agencies may 
already have in place a number of the components of an asset management system. In such cases, 
the agencies will be able to build on their existing capabilities and focus their efforts on 
developing the missing components. This will reduce the overall compliance effort while making 
it more relevant to the management needs of the responding jurisdiction. 

Exhibit 4: Integration of Asset Management System Components with Life-Cycle Phases 
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Effective Dates for GASB 34 Infrastructure Reporting 

The effective dates for responding to GASB 34 depend on the timeframe in which the assets are 
built or improved, and the size of the government, as noted below: 

• Infrastructure assets acquired, renovated, restored, or improved after the effective date of 
implementing GASB 34 must be reported on a prospective basis. For infrastructure that is 
newly built or improved, the effective dates for GASB 34 compliance are: 
- Fiscal Year 2002 - for governments whose total annual revenues are $ 100 million or more 
- Fiscal Year 2003 - for govemments whose total annual revenues are from $10 million to 

$100 million 

- Fiscal Year 2004 - for govemments whose total annual revenues are less than $10 million 

• Infrastructure assets acquired, renovated, restored, or improved in the fiscal year ending 
after June 30, 1980 but before the effective date of implementing GASB 34 must be reported 
on a retroactive basis. For infrastructure that is newly built or improved, the effective dates 
for GASB 34 compliance are: 

- Fiscal Year 2006 - for govemments whose total armual revenues are $100 million or more 

- Fiscal Year 2007 - for govemments whose total annual revenues are from $10 million to 
$100 million 



- Govemments with total annual revenues less than $10 million are encouraged but not 
required to retroactively report on their infrastmcture assets. 

Exhibit 5 illustrates the major milestones associated with the infrastmcture reporting requirements 
of GASB 34, for govemments of different sizes and infrastmcture built before and after the 
effective date of the Statement. 

Exhibit 5: GASB 34 Infrastructure Reporting Schedule 
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5. INNOVATIVE FINANCING OPPORTUNITIES RESULTING FROM GASB 34'S 
INFRASTRUCTURE REPORTING REQUIREMENTS 

GASB 34 has the potential to radically change the way infrastmcture assets are financed, 
documented, and ultimately managed. Bond rating agencies will begin to rely on GASB 34 
reporting to assess the financial condition of government borrowers and rate their bonds. Since 
state and local govemments will now be held accountable for how they manage their 
infrastmcture, they will no longer be able to simply wait for Federal capital funds to replace their 
deteriorating infrastmcture. This will influence how highway infrastmcture ftmding is stmctured 
in the future relative to capital and maintenance efforts. 

The following sections discuss a number of strategies for using GASB 34 to leverage available 
fiinding sources, expand the availability of financial resources, improve the efficiency and 
effectiveness of fiinding programs, and establish a national database for highway infrastmcture. 

Block Grant Highway Program Funding 

As state and local govemments become more accountable for the condition and preservation of 
their highway infrastmcture, they will likely demand greater authority to allocate available 
highway program fiinds between capital expenditures (for new constmction, improvement, and 
major rehabilitation) and operating expenditures (for maintenance, repair, and preservation). Once 
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the financial status and cost of debt for a governmental jurisdiction can be impacted by the 
condition of its highway infrastmcture, greater emphasis will be placed on preserving these assets. 
The infrastmcture reporting requirements of GASB 34 will encourage highway agencies to 
develop infrastmcture asset management programs based on the long-term, life-cycle costs and 
effects of various preservation and replacement strategies. Once the long-term advantages of 
infrastmcture preservation strategies are understood, greater emphasis will be placed on assessing 
the trade-offs between capital replacement and preservation. 

This shift in program emphasis will promote the relaxation or elimination of funding eligibility 
distinctions between capital and operating expenditures. This might take the form of restmcturing 
of fiiture surface transportation fiinding legislation to replace the current array of capital funding 
programs and project earmarks with block grants. Block grants would provide greater discretion 
to state and local govemments to decide how best to apply scarce Highway Tmst Fund moneys, 
as noted below. 

Federal Funding Formulas and 
Project Set-Asides 

Federal determination of fiinding use 
Focus on capital program 
Rigid allocation of fimds 
Limited provisions for asset 
management 
Treat infrastmcture assets as sunk 
costs 
Federal role predominates 

Block Grants to State and Local 
Governments 

State/local determination of fiinding use 
Tailor fimds to functional needs 
Flexible allocation of fiinds 
Accommodates asset management 
requirements 
Treat infrastmcture as a valued resource 
to be preserved 
Partnership among federal, state, local, 
and private sectors 

Having fostered the institutional infrastmcture to plan, program, develop, operate, and maintain 
transportation facilities and services during the last fifty years (through the establishment of state 
transportation departments, metropolitan planning organizations, and councils of govemments), 
the Federal government should continue the devolution process begun in the 1980s by 
empowering these institutions to make the most appropriate decisions regarding how surface 
transportation fiinding is applied for the maximum benefit of local residents and businesses. 

Alternatively, broader interpretations could be made regarding how Federal-aid funds can be used 
to permit asset preservation efforts to become eligible for such funding. For example, the New 
Mexico State Highway & Transportation Department recently issued GARVEE bonds to prepay 
the up-front warranty payment to Koch Industries for a major highway reconstmction and 
widening project along 119 miles of State Road 44. The warranty covers efforts to maintain 
pavement quality over a 20-year period and certain stmctures over a 10-year period. In this case, 
the Federal Highway Administration approved the use of Federal-aid funds to service the debt 
associated with these bonds. Since the bond-fimded warranty covers asset maintenance and 
preservation, it appears that asset preservation spending is already eligible for Federal-aid, even if 
it is considered current expense for reporting purposes. 

Another possible consequence of GASB 34 might be the use of Federal-aid to pay for the costs of 
asset management systems and processes used by infrastmcture agencies to better manage their 
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highway assets over the long-term, while also effectively responding to the infrastmcture 
reporting requirements of GASB 34. This could help to defray the up-front costs of GASB 34 
compliance and response efforts. 

Asset Securitization, Bond Financing, and Shadow Tolls 

With several trillion dollars in capital assets about to appear on the books of state and local 
govemments, the securitization of infrastmcture provides an innovative way to convert these 
assets from merely sunk costs to' productive resources that stimulate fiirther investment in 
infrastmcture. 

IMPETUS 

GASB 
Statement 
Number 34 

Asset 
Management 

Efforts 

REQUIREMENTS CHANGE MECHANISMS 

-+ 

Asset Identity 

Asset Value 

Asset Condition 

— • 

Financial Reporting 

Asset Securitization 

Shadow Tolling 

— • 

CONSEQUENCES 

Assets Managed 

Reduced Life-Cycle Costs 

Bonds Issued 

Resources Leveraged 

As shown by the chart above, GASB 34 establishes the basis for securitizing infrastmcture by 
requiring these assets to be valued. Asset securitization refers to the process of dedicating the 
value of a physical asset and/or its related cash flow stream to provide the money or collateral to 
repay the costs of debt service associated with public bonds issued or loans obtained on behalf of 
these assets. 

Once infrastmcture assets are identified and valued as the first step in GASB 34 compliance, 
state and local govemments could issue bonds secured by the following: 

• Value of these assets, as a basis for collateralizing and possibly privatizing selected 
infrastmcture assets 

• Reduced cost stream resulting from asset preservation efforts 

• Potential revenues derived from these assets: 

- Tolling new or existing roads and bridges (where permitted by law) 

- Taxing real estate development along new or improved highway rights-of-way 

- Increasing or dedicating a portion of user fees related to highway infrastmcture 

Securitization allows state and local govemments to capitalize today long-term program savings 
that can accme from proper asset preservation efforts. By including infrastmcture in the pool of 
securitized assets, state and local govemments can generate significant up-front fiinds to pay for: 

• Complying with GASB 34's infrastmcture reporting requirements 

• Developing and deploying asset management processes and systems 

• Renewing deteriorated infrastmcture so it can be more cost-effectively preserved 
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Having information on the characteristics, value, and condition of infrastmcture assets will better 
enable state and local govemments to evaluate the advantages and disadvantages of privatizing 
selected infrastmcture assets, based on a clearer understanding of the asset values involved. This 
might stimulate privatization efforts to tum over road and bridge assets to financial and operating 
consortia that can restore and preserve the assets at significantly lower long-term costs. 

One of the key features of this approach to fianding infrastmcture creation and improvement is 
the fiscal and administrative discipline imposed on the issuers of securitized bonds. Bond 
covenants define the obligations of the issuing agency for the protection of the bondholders. 
Representative bond covenants include: 

• Relative sequence for applying available revenues or fiinds to pay for operations and 
maintenance, preservation, debt service, capital rehabilitation and renewal, and capital 
improvement or expansion 

• Periodic asset inspection and condition assessment and reporting (typically every 2-3 years) 

• Annual revenue and cost estimates and certifications 

• Debt service coverage from estimated revenues or other dedicated fiinding sources 

• Recourse to other forms of collateral or financial backing that reduce the risks associated 
with bonds (so-called double barrel arrangements that identify a third party to cover shortfalls 
that may be incurred by the sponsoring agency). 

Securitization Opportunity - Securitization represents a major opportunity to better leverage 
public investments in infrastmcture. It provides a potential win-win situation for public officials, 
technical staffs, contractors, constmction workers, and the public by making more cost-effective 
use of infrastmcture assets. The success of this innovative financing approach will depend on the 
application of fiscal discipline and reporting-based accountability imposed by bond covenants -
which are consistent with the requirements of GASB 34's infrastmcture reporting requirements. 

Securitization Challenge - The biggest challenge to securitizing non-toll highway assets is the 
lack of specific revenue generating resources. Bond underwriters and ultimately bond holders will 
need to be convinced that the reduction in long-term costs of proper asset management and 
preservation can generate sufficient savings to more that offset the debt service costs associated 
with the public offering. Research has shown that one dollar spent on preventive maintenance at 
the appropriate time in the life of pavement may save up to four dollars in fiiture rehabilitation 
costs. ' If proper asset management can save 70-90% of today's outlays for public infrastmcture 
over the long term (including both capital and maintenance expenditures), long-term savings 
could be quite substantial and more than offset the costs of debt service associated with asset 
securitization. Indeed, there will likely be funds available for infrastmcture rehabilitation, new 
constmction, and even non-infrastmcture programs. 

What is required is the fiscal discipline to ensure that necessary preventive maintenance efforts 
are performed on an annual basis. While spending will likely be somewhat higher in the short 
term, when compared to a deferred maintenance approach, significant life-cycle cost savings will 
accme over the long term due the ability to vastly extend the service life of the asset. A portion 
of those cost savings could be used to pay for ongoing asset preservation, or debt service if bonds 
were sold to fund major capital improvements at the outset. The key is converting a "negative 
cost stream" (reduced spending) into a "positive revenue stream" (dedicated cash flow) that can 
be pledged to bondholders or be used to fiind yearly pay-as-you-go expenses. 
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SItadow Tolling Mechanism - An innovative highway financing technique recently introduced 
in Europe may have applicability here in the United States in connection with GASB 34: shadow 
tolls. Shadow tolls have been used successfiilly in Britain, Portugal and Finland to finance 
highway capital improvements and related operating and maintenance costs using private sector 
vendors. Under shadow tolling, a private consortium enters into a concession agreement with a 
governmental entity under which the private sector group finances certain improvements to a 
road and agrees to maintain it at a pre-defined service level for a certain time period (e.g. 20 
years). The governmental unit (which could be national, state, or local) agrees to make annual 
payments to the firm based on the level of traffic utilizing the roadway, drawing upon either 
transportation-related or general revenues. 

The heavier the traffic, the greater the physical depreciation, and the higher the shadow toll 
payments. In this way, a self-regulating mechanism could be set in place that would effectively 
require the highway agency to monetize a portion of the implicit cost savings realized from 
proactive asset management. That stream, in the form of shadow toll payments by the 
government, would fimd the necessary annual operating and maintenance expenditures and/or 
debt service. 

The documentation and reporting requirements of GASB 34 provide a major impetus for 
performing infrastmcture asset management and establishing a sizeable market for infrastmcture 
securitization bonds. The covenants associated with public bond offerings could provide the 
fiscal discipline to ensure that the responsible agency abides by the terms of the agreement -
thereby assuring proper preventive asset maintenance - and freeing-up resources for the payment 
of debt service ~ throughout the terms of the bonds. Shadow tolls provide a possible mechanism 
for generating the positive revenue stream to support infrastmcture securitization bonds. 

State Infrastructure Banks as a Vehicle for Securitizing Infrastructure Assets 

State Infrastmcture Banks (SIBs) represent an ideal vehicle for coordinating and consolidating 
infrastmcture securitization efforts among public agencies and authorities in a state where a SIB 
exists. Participants may include the state department of transportation, metropolitan plaiming 
organizations, council of govemments, cities, counties, townships, and authorities. 

Instead of each jurisdiction securitizing its own infrastmcture assets, SIBs could serve as a 
financial intermediary to pool infrastmcture assets and coordinate with bond underwriting 
companies to achieve the lowest statewide financing and administration costs. Proceeds from the 
resulting bond sales could be allocated to each participating jurisdiction based on the amount and 
quality of the revenue stream pledged to secure their loan. A single bond offering involving 
multiple jurisdictions would represent a more efficient way to process the bond offering, thereby 
reducing overhead and administrative costs. Each participating jurisdiction would then be 
obligated to abide by the covenants of the infrastmcture securitized bonds. In the case of 
covenants relating to asset management, GASB 34's infrastmcture reporting requirements would 
serve to reinforce compliance with these covenants. 

Highway Infrastructure Database Development and Financing 

GASB 34 requires state and local govemments to identify, value, and periodically condition assess 
their infrastmcture assets. These requirements provide a strong rationale for establishing a 
nationwide infrastmcture database. This has been a long-time objective of the Federal government, 
through the efforts of the Federal Geographic Data Committee and the National Partnership for 
Reinventing Government. These agencies recently sponsored an intergovernmental task force to 
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determine how best to facilitate the development of a National Spatial Data Infrastmcture (NSDI).'^ 
The NSDI is a key component of the National Information Infrastmcture Program of the Federal 
government. Its purpose is to enable govemments to work together to solve problems faster and at 
less cost to the taxpayer. One of the four goals of the NSDI is to "use community-based approaches 
to develop and maintain common collections of geospatial data for sound decision-making." 

Due to the network characteristics of infrastmcture data, geographic information systems (GIS) 
and other related spatial data technologies are well suited to help infrastmcture agencies cost-
effectively store, manage, and display this kind of data'^. Examples of spatial data technologies 
that are currently available for documenting and retrieving infrastmcture data are listed below. 
Beyond supporting the data reporting needs of individual jurisdictions, these technologies could 
also be applied through an open architecture system to develop the National Spatial Data 
Infrastmcture. An open architecture database system could link infrastmcture data from Federal, 
state, and local government sources. Components of such a database system could include 
physical, functional, conditional, and operational characteristics. Real-time utilization information 
could be obtained from the various Intelligent Transportation Systems (ITS) being installed along 
many of the nation's highways. 

Spatial Data Technologies 

|i<3eo-Referencing Technologies 

- Global Positioning Systems (GPS) 

- Distance Measuring Instmment (DMI) 

- Ineitial Navigation System (INS) 

| - Rangefinders 

Ipescriptive Technologies 

1- Keyboard 

- Voice Recognition 

- Digital Image Captxire 

- Automatic Image Processing 

Non-Roadway Data Collection Technologies 

- Digital Electronics 

5- Artificial Intelligence 

- Lasers 

'— Microwaves 

- Advanced Satellites 

- Advanced Computers 

- Remote-Control Helicopters 

j | | ; Automatic Target Recognition Systems 

The major challenge to realizing a national infrastmcture database will be agreeing to a common 
set of spatial data elements and protocols resulting from GASB 34 infrastmcture reporting and 
other database requirements. GASB 34 allows wide latitude in how individual jurisdictions 
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respond to the infrastmcture reporting requirements. GASB only requires each respondent use a 
consistent approach in reporting infrastmcture information from one year to the next. 
Consequently, GASB 34 infrastmcture data initially provided by individual jurisdictions will likely 
be highly inconsistent. Over time, the nature of reported infrastmcture data will become more 
consistent as jurisdictions compare their annual financial reports and refine their reporting 
approaches. 

The many potential beneficiaries of a national infrastmcture database include: 

• Federal agencies (Defense Advanced Research Projects Agency [DARPA], Federal Emergency 
Management Agency [FEMA], and United States Department of Transportation [USDOT] 

• State and local agencies (emergency preparedness, planning, public works, transportation) 

• Private firms (motor carriers, package express carriers, shippers, vehicle navigation fimis) 

• Traveling public (incident notification, navigation, road conditions, trip planning, weather 
conditions) 

These major beneficiaries represent a potential source of fiinding and requirements for 
developing and maintaining a national infrastmcture database system. 

6. CONCLUSIONS 

GASB Statement No. 34 represents a major impetus for change in the way public infrastmcture is 
financed, developed, managed, and documented across the United States. Coming in the form of 
financial reporting requirements, GASB 34 will bring together disparate groups involved in 
supporting infrastmcture programs. These include finance, engineering, maintenance, and 
operations persormel, which have traditionally fimctioned independently of each other. The 
potential consequences of GASB 34 can be more far-reaching than merely achieving compliance 
with Generally Accepted Accounting Principles. They include significant reductions in long-term 
infrastmcture costs, opportunities for innovative financing of asset management and infrastmcture 
renewal, and use of reporting information to establish national spatial databases for infrastmcture. 

GASB 34 provides state and local govemments the opportunity to demonstrate their stewardship 
of infrastmcture by documenting and reporting the value of infrastmcture assets and the efforts 
applied to preserve them. These requirements may also provide the impetus for establishing 
several innovative techniques for financing infrastmcture asset development, preservation, and 
documentation. 

The advent of GASB 34 infrastmcture reporting will spawn a new era of fiscal responsibility and 
accountability. How state and local jurisdictions respond to these new reporting requirements 
will determine their success in leveraging the scarce resources available for infrastmcture 
development and preservation. Those that seek merely to comply with the minimum 
requirements of GASB 34 will marginally benefit from the exercise. Those that stmcture their 
response around the needs of both their infrastmcture managers and users will reap significant 
benefits in temis of extended infrastmcture service lives, reduced replacement costs, and better 
information with which to manage these critical assets. 

Because of the long timeframe needed to demonstrate the benefits of asset management and 
preservation, many will view GASB 34's infrastmcture reporting requirements as unfunded 
mandates, at least in the short term. This is particularly tme for elected and appointed officials of 
state and local govemments, whose terms of office necessarily limit their ability to focus on 
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long-temi consequences. This is why it is essential that some way be found to realize the long-
term benefits of infrastmcture asset management in the short term. 

Infrastmcture securitization bond financing provides just such a mechanism by using the 
resources of the public financial community to provide up-front fiands to pay for the costs of 
responding to GASB 34'as infrastmcture reporting requirements, developing and implementing 
asset management approaches and systems, and rehabilitating infrastmcture assets that could be 
more cost-effectively preserved if renewed. Infrastmcture securitization bond financing 
represents a win-win situation for state and local officials, technical staffs, contractors, 
constmction workers, and the public by enabling infrastmcture managers to become better 
stewards of their assets. 

Applying innovative financing approaches requires a carefial consideration of the attendant risks 
and retums. Securitization of infrastmcture assets without a defined positive revenue source 
(such as a toll or tax) will require both the public finance community and the responsible 
jurisdictions to redefine how they view infrastmcture assets. Shadow tolling provides a possible 
mechanism for generating the positive revenue stream needed to support infrastmcture 
securitization bonds. 

Instead of sunk costs with only cost outlays to be incurred, infrastmcture asset should be viewed 
as tangible assets whose inherent value can be used to stimulate fiirther economic activity. 
Spatial data technology can be used to cost-effectively capture and display infrastmcture 
information required by GASB 34. The ability to link this information across jurisdictional 
boundaries provides an opportunity to create a national spatial database of highway 
infrastmcture, whose broad benefits could stimulate interest and possible funding from a variety 
of Federal and state agencies. 

The infrastmcture needs of this nation continue to outpace the availability of resources, despite 
increased fianding levels provided by TEA-21 and the growing willingness of the private sector 
to enter into partnerships with the public sector to expedite the development or expansion of 
needed facilities. Addressing these needs will require concerted and collective efforts that go 
beyond traditional approaches to infrastmcture fiinding and development. The impetus provided 
by GASB 34's infrastmcture reporting requirements will propel those jurisdictions that have the 
vision and creativity to institute innovative financing and asset management strategies that fiilly 
leverage their capabilities and resources. As noted earlier, "what gets measured gets done." The 
challenge of GASB 34 is to see beyond the financial reporting requirements of the Statement and 
to quickly capitalize on the opportunities for creative asset management and financing. 

PAPER SPONSOR 

This paper was originally sponsored by the National Academy of Science - Transportation 
Research Board (TRB), and served as a resource paper for the Second National Conference on 
Transportation Finance, held in Scottsdale, Arizona on August 20-23, 2000. 
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