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1 
Introduction 

 
The City of Kirkwood faces the challenge of determining how it will provide for the long-
term rehabilitation and maintenance of its streets. This report was produced at the 
direction of the Director of Public Services, Mr. Bill Bensing in response to concerns 
about the condition of the City's streets and the projected budget expenditures needed 
for their repair. 

Executive Summary 

The estimate of pavement related expenditures projected over the next five years under 
current fiscal conditions is $41.4 million as determined by MicroPAVER’s work plan 
module.  This calculation was based on the default maintenance policies contained 
within the software and can be refined as the City of Kirkwood develops and refines 
their own maintenance policies. 

The team of Lochmueller Group and Payken Consulting inventoried and surveyed 
approximately one-hundred and fourteen (114) centerline miles of streets in the City of 
Kirkwood.  The overall average surface condition index of the street network in the City 
of Kirkwood is 64, or the lower end of the good condition range, based on a scale from 1 
to 100 with 100 being a new street.  The deterioration of the City's streets will occur 
with increasing frequency as the overall condition of Kirkwood’s streets fall below the 
critical Pavement Condition Index (PCI) of 55. 

The structural distress in streets within the City is a function of a number of factors: 1) 
fatigue from repetitive stresses of wheel path traffic, as referenced in Figure 1; 2) 
temperature changes coupled with advanced oxidation of the asphalt cement (the 
tendency for asphalt to oxidize with age, making the pavement brittle, amplifies the 
stresses of both traffic and temperature); and 3) settlement of the road bed, due to 
water reaching the subgrade soil.  Each of these processes leads to extensive cracking 
within the surface of the pavement. 
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Figure 1: Example of Wheel Path Traffic Wear on Pavement 

 

Once the pavement is cracked, water can move into the underlying soil causing loss of 
support to the pavement in surrounding areas.  An acceleration of the spread of 
cracking usually results.  Further deterioration of a different type follows, beginning at 
the originally cracked area.  Water and traffic will cause a base failure, such that 
reconstruction is necessary.  This secondary deterioration is also accelerative, in that the 
more base failure, the faster is the spread of base failure in surrounding areas. 

The budget estimates cited in this study are only for pavement reconstruction.  They do 
not include the following items: 

 Grading 
 Subgrade preparation needed due to unsuitable soil or wet conditions 
 Utility relocations 
 Storm or sanitary sewer reconstructions 
 Roadway realignment 
 Special provisions for residents 
 Traffic control 
 Sidewalks 
 Street signage 
 Street lighting 
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Further study by City Staff or hired consultants regarding specific 
projects is necessary to determine project scope, maintenance selected 
and reconstruction costs. 
 

A goal the City could consider is increasing the slope of the overall PCI curve 
over time.  By implementing this goal with possible funding mechanisms 
discussed later in the report, the City would improve the overall quality of their 
streets and minimizing deferred maintenance. 

This study was limited to the assessment and analysis of the City’s public 
roadways and does not contain condition assessments for the following: 

 City-owned building and facilities 

 Heavy equipment 

 City bridges 
 Private Roads within Kirkwood (see Appendix I for a complete listing) 
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2 
Pavement Management 

 
Pavement management is the practice of planning for pavement repairs and 

maintenance with the goal of maximizing the value and life of a pavement network. 

To accomplish this, a community needs to have several repair techniques in its arsenal 
and the knowledge of when to apply them.  This is where pavement management 
comes into play.  With a comprehensive database of road conditions, pavement 
management software can model when to perform which repairs on a road network. Of 
course, engineering judgment is required to finalize any list of street repairs, as no 
computer model can take every variable analyzed in making a repair decision into 
account.  Pavement management software is a great springboard to help a community 
start its repair program for each year and serves as an excellent method of storing the 
repair data. Lochmueller Group, working in conjunction with Payken Consulting, utilized 
a computerized Pavement Management System (PMS) developed by the U.S. Corps of 
Engineers Laboratory entitled MicroPAVER. A full description of this program and its 
capabilities is provided in Appendix B of this report. 

  

The MicroPAVER System 

The MicroPAVER System utilizes a numerical score to indicate the condition of each 
street.  This score is called the Pavement Condition Index (PCI) and is based on the 
amount and type of surface defects, for example, longitudinal and transverse cracks, 
potholes, alligator cracking and others as illustrated in Figure 2.  The PCI score can range 
from 0 to 100 with 100 representing new pavement.  The computer program makes 
extensive use of pavement condition life cycle relationships.  The pavement condition 
history is developed over a number of years and inspections.  Eventually this 
information will be completely customized for Kirkwood’s needs.  The computer 
software does contain default life cycles for various pavement types (full-depth asphalt, 
concrete with asphalt overlay and concrete streets). 

The scores are based on observation of cracks, potholes, ruts, patches and other surface 
distress.  The severity and extent of pavement distress are both considered.  The PCI 
rating can vary throughout a street.  However, it is generally tied to a previous 
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maintenance action for a section of street, e.g., the PCI for a portion of a street with a 
recent overlay will be higher than the part which has not had recent maintenance.  
Conducting a full inventory of the street system which includes a full evaluation of 
pavement condition assists the expert reviewer in identifying necessary improvement 
strategies. 

 

Figure 2: Examples of Pavement Surface Distress 
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Figure 3 illustrates the typical pavement condition life cycle.  The focus of the data 
inventory process centered around the collection of the pavement area, pavement 
material composition and last known date of the roads to be tested.  After obtaining this 
information, a system of separating the road into networks or “families” is performed 
followed by branches, sections and furthermore into sample units.  Once inspection 
data is populated within the program then a family curve is used to project the future 
condition of the pavement.  This capability provides the user a powerful tool for 
determining the capital expenditure needs with regard to street repair. 

Upon inspecting the City's streets and loading incremental information into the 
MicroPAVER program, the results show that the City's average PCI is 64.  The Critical PCI 
is defined as the PCI value below which the pavement shows a significant increase in the 
rate of deterioration and preventive maintenance cost.  The Critical PCI is usually 
between 55 and 70.  A value of 55 is most likely to be selected unless otherwise 
indicated.  By examining Figure 3 the significance of this score is visually apparent.  The 
significance of this fact cannot be overstated.  The implication is clear that the City's 
streets as a whole are at a point in their life cycle that will result in ever increasing 
deterioration and maintenance costs if measures are not enacted to reverse this trend. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 3: Pavement Condition Index Curve 

 

In addition, the cost to restore this pavement will increase dramatically at the lower end 

of this life-cycle curve.  Obviously, it is more cost effective to maintain Kirkwood’s road 

network in the upper portion of this curve.  It should be noted that an adequate amount 
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of money must be funded in order to maintain the roads at this level.  If adequate 

revenue is not provided for this maintenance, then deferred maintenance occurs. 

Pavement Analysis 

As the data was reviewed, it became apparent that the City would have to spend 
approximately $2,000,000 for each 1 point increase in the City's overall street condition.  
However, when one considers that the streets deteriorate, on average, at a rate of 2-3 
points per year (when no maintenance is applied), a total cost of approximately 
$1,200,000 annually is necessary for the City's streets to maintain their current 
condition (PCI).  This figure may seem staggering, but when you consider the City of 
Kirkwood has over 600 streets, it takes a significant amount of improvements to 
increase the overall condition of the City’s roadways.  An average of three or four street 
reconstructions each year will not have an appreciable effect on the City's overall 
pavement condition. 

As a way to illustrate this cost relationship, it may be helpful to consider that if the City 
did four street reconstructions each year, it would take over 150 years to rebuild all the 
City's streets.  When you factor in a 30-year design life, the numbers really start to work 
against any meaningful overall improvement in the City's streets.  

It should be noted that for a number of years the City and its residents enjoyed streets 
that were in consistently high condition.  Examining Figure 3 again, one can see that it 
was not necessary for the City to perform extensive major maintenance and repair to 
maintain a fairly high level of service for the first 25% of the street's service life.  

What has traditionally been Kirkwood’s advantage is now turning into Kirkwood’s 
liability. Many of Kirkwood’s streets are approaching the end of their service lives 
simultaneously.  There exist a number of repair alternatives that the City may wish to 
consider for addressing this situation. The amount of manpower and materials Kirkwood 
currently has available to address all of their various maintenance needs are inadequate 
at this time.  Our analysis indicates that the City will realize a better return on its 
maintenance investment by applying the appropriate maintenance operation to 
Kirkwood’s streets when they are within the preventative maintenance position of the 
pavement condition curve (PCI range 60-80). Therefore, it is recommended that the 
Department of Public Services adopt a policy of maintaining the condition of streets at 
the upper end of the pavement condition curve (PCI range 60-80) and consequently 
allowing the worse-conditioned streets to continue to deteriorate until they are 
replaced. The City will spend less money and realize a higher return on its maintenance 
investment using this type of prioritization scheme. 

There are a number of factors that have contributed to the condition of Kirkwood’s 
streets.  They are, in no particular order, as follows: 

 The discontinuation of the City’s chip seal program 
 The effect of in-fill housing 
 Need for pavement standards 
 Mill & overlay program history 
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Discontinuation of the Chip Seal Program 

The City’s Street Maintenance Division had for a number of years conducted an annual 
chip seal program. This program provided for the application of a chip seal surface 
treatment on every asphalt street in the City on a 5 year cycle basis.  At one time it is 
estimated that 65% of Kirkwood’s streets were maintained in this fashion.  This low-cost 
surface treatment (because it was performed in-house with City employees) essentially 
maintained the City’s streets in a good condition for many years.  However, the decision 
was made in 2002 to discontinue the chip seal program and sell off the equipment used 
to apply the chip seal treatments.  This decision resulted in the resumption of the 
majority of the City’s streets continued deterioration.  The average condition of 
Kirkwood’s asphalt streets is now 60.3, roughly 5 points difference from the critical PCI 
(The Critical PCI is 55).   There presently exist a number of alternative surface treatment 
options (such as; micro surfacing, NOVACHIP, slurry seal and other similar products.  
Frequently, loose stone is cited as the principle objection with chip seal.  If that 
objection was the basis for deciding to discontinue the chip seal program that would be 
understandable.  However, there were other options that should have been 
implemented in place of the chip seal program. None of these alternate surface 
treatments cited above share chip seal’s loose stone “problem.” Unfortunately, this 
group of asphalt streets which have been previously chip sealed is now in a state of 
disrepair that makes surface treatments a poor choice for extending their service life. 

Effect of In-Fill Housing 

Over the last twenty years Kirkwood has experienced a significant number of single 
family in-fill housing demolitions and reconstructed houses.  This typically involves a 
home builder purchasing an existing, smaller, older house; razing it and rebuilding a 
house that is typically significantly larger (and more expensive) than what was 
demolished.  The effect of in-fill housing is experienced in a number of ways that are 
detrimental to Kirkwood’s streets.  First, each of these new homes must have their 
existing utilities disconnected prior to demolition.  Typically, the water, gas, electric and 
sewer lines all must be taken out of service, capped or removed.  These same services 
will then be reestablished later, constructed in compliance with current building codes.  
The survey team noted in the field that the typical utility cut for an in-fill house is 10 ft. x 
10 ft. square.  The first utility cut on a given street lowers the PCI by 15 points.  The 
second utility cut lowers the street’s PCI by another 10 points, for a total of 25 points.  
The third utility cut lowers the street’s PCI by another 5 points, for a total of 30 points 
for each subsequent utility cut a diminishing number of points are deducted from the 
street’s overall PCI rating.  For example, on North Harrison Avenue between West Rose 
Hill Avenue and West Essex Avenue there have been at least twenty-four (24) in-fill 
houses constructed resulting in a PCI of 35.  The larger the amount of utility cuts on a 
street the higher the impact they will have on degrading the pavement score within the 
MicroPAVER software program.  In a somewhat counter intuitive manner it should be 
noted that the impact of utility cuts is greater for streets that have a higher PCI 
(between 75 and 100) than on a street that is already in bad shape prior to adjacent in-
fill housing.  An excellent example of this dynamic is seen on Glendover Drive (off of 
Dickson Street).  Glendover Drive is an asphalt roadway with a chip seal maintenance 
application in which there are two sample units on the street.  On one end of the street 
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the sample unit’s PCI was 90, where the housing stock is original construction.  
However, at the other end of the street, where a couple of teardown homes have been 
rebuilt, the sample unit’s PCI is 63. The second effect of in-fill housing is that of truck 
traffic.  On each in-fill house upwards of 50 truck deliveries occur bringing all manner of 
construction materials to the site.  Multiplying the 50 deliveries by the aforementioned 
twenty-four (24) in-fill houses on North Harrison Avenue will result in over 1,200 truck 
deliveries that this community and its streets would not have otherwise experienced.  
Many of Kirkwood’s neighborhoods that have the greatest amount of interest for the in-
fill housing market are located in the older parts of the City that contain a number of 
different pavement types and compositions that were built 75-100 years ago when large 
trucks did not exist. 

Pavement Standards 

Kirkwood’s streets vary widely in width and pavement composition.  Street width can be 
as narrow as 15 ft. with varying widths between 15 ft. and 45 ft. with no definitive 
standard.  We recommend the City adopt a minimum standard of 26 ft. wide pavement 
with no parking posted on one side.   We also observed instances where six inch vertical 
concrete curb and gutter were reconstructed when a better choice due to the sidewalk 
height and the surrounding terrain would have been a standard 3 inch concrete rolled 
curb and gutter system.  Another issue confronting Kirkwood’s streets is the almost 
complete lack of appropriate preventative and safety maintenance performed by the 
City’s Street Maintenance Division.  A disturbingly high number of streets have received 
no asphalt mat repair or crack sealing for what looks to be upwards of 20-30 years.  Our 
team recommends the Department of Public Services engage in a thorough analysis of 
the Street Maintenance Division’s priorities and makes appropriate organizational 
changes to bring about the desired service level.  Appendix G shows recommended 
pavement restoration standards that the City should consider adopting.  Still another 
factor effecting Kirkwood’s streets is the prevalence of curb cuts and other ad hoc 
efforts to route downspouts and sump pumps. 

We recognize that residents are attempting to install solutions they think is in their best 
interests.  However, it appears that in too many instances what is best for the residents 
is not in the best interests of the City’s streets.  Frequently, builders and home owners 
merely cut a slot in the curb and gutter and discharge their storm water effluent directly 
into the street causing a greater degree of pavement deterioration than would not 
otherwise exist.  Meaningful standards should be adopted and enforced to minimize this 
type of damage to the City’s infrastructure.    Finally, the other significant challenge 
Kirkwood faces is the prevalence of alligator cracking within the pavement network.  
Alligator cracking is defined as a base failure by the MicroPAVER program.  As such, the 
pavement structure is insufficiently strong enough to carry the loads that it currently 
experiences.  This fact places a special burden on the Department of Public Services due 
to the fact that in many areas there is not sufficient curb height to add extra material 
thus strengthening the pavement. Reconstruction is therefore the only option available 
for a failed pavement, thus increasing the budgetary demands of the Department. 
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Mill & Overlay Program History 

Historical project information for previous year’s mill and overlay were made available 
to the study team.  The following tables breakdown each year’s projects and based on 
each street’s 2015 PCI rating as well as the given year’s (2009, 2010, 2011, etc.) average 
PCI rating versus the PCI rating calculated by MicroPAVER (MicroPAVER calculates a 
default deterioration rate of 3 points per year). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: PCI Ratings for each Project in 2009 

STREET PCI RATING

Lindeman (Des Peres city limits to Dougherty Ferry) 59

N. Clay (W. Essex to W. Adams) 45

N. Clay (Wilson to Barter) 60

S. Clay (W. Madison to W. Woodbine) 52

N. Taylor (E. Essex to E. Washington) 58

N. Taylor (E. Washington to E. Adams) 83

E. Argonne (S. Taylor to Holmes) 59 & 77

E. Washington (Kirkwood to N. Taylor) 72

W. Washington (Kirkwood to N. Clay) 64

Wilson (N. Clay to Kirkwood) 71

S. Harrison (W. Adams to RR Bridge) 40 & 63

2009 Average PCI = 61.7

MicroPAVER  Predicted PCI = 82

2009
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Table 2: PCI Ratings for each Project in 2010 

STREET PCI RATING

Lemp 52 & 56

E. Rosehill 46

W. Monroe (N. Geyer to N. Harrison) 47

W. Monroe (N. Harrison to N. Clay) 72

S. Van Buren (W. Monroe to W. Woodbine) 79

S. Harrison (W. Monroe to W. Woodbine) 63

McCullough (S. Van Buren to S. Clay) 62

Heege 52

Hillcrest 53

Idlewild 47

W. Clinton (S. Clay to Kirkwood) 48

Silver 59

W. Jefferson (N. Clay to N. Harrison) 70

S. Geyer (Big Bend to City Limits) 72

Leffingwell (Scott to City Limits near Holmes) 42

N. Woodlawn (Manchester  to City Limits) 60

S. Woodlawn (E. Adams to E. Argonne) 46

E. Bodley (Homewood to N. Woodlawn 61

S. Woodlawn (E. Argonne to Scott) 47

Nirk (Geyer to Couch) 67

S. Fillmore (E. Woodbine to E.Rosehill) 61

Forest (Big Bend to Marco) 73

E. Monroe (S. Woodlawn  to Scott)   78

Nelda 68

Swan (Kirkwood to N. Taylor) 65

Duley 75

Frieda    72

Altus 83

Lockett 57

2010 Average PCI = 61.1

MicroPAVER Predicted PCI = 85

2010
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Table 3: PCI Ratings for each Project in 2011 

STREET PCI RATING

W. Woodbine (S. Geyer to S. Clay) 65

W. Woodbine (S. Clay to Kirkwood) 65

Goethe (W. Essex to Wilcox) 68

Wilcox (Goethe to Dead End)      62

Clemens (Knierim to W. Essex) 63

Central Ave (N. Geyer to Goethe) 58

Central Place (N. Van Buren to N. Geyer) 34

Dickens (Central to Knierim) 67

Longfellow (Central to Knierim) 77

Longfellow (Knierim to W. Washington) 82

Burns 72

Elm Tree 71

Edna 73

Bach 80

Janet 81

Thursby 76

Arminda (Virginia to Edna) 86

Arminda (Woodbine  to Thursby) 91

Lavinia 85

Lockett Ln 55

Wilton (Forest to near Marco) 55

Virginia 82

2011 Average PCI = 70.4

MicroPAVER Predicted PCI = 88

2011
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Table 4: PCI Ratings for each Project in 2012 

STREET PCI RATING 

Woodleaf Ct 63 

Julian Pl 89 

E. Essex Ave 80 

Cranbrook Dr 88 

Hawbrook Ln. (Triangle off Dickson) 96 

Hawbrook Ct. (N. off Hawbrook  Ave) 97 

Parkwoods Ave (Adams to Hawbrook) 78 

Parkwoods Ave (North off Hawbrook) 93 

Parkwoods Ave (South off E. Essex) 62 

Luther Ct 92 

Norfolk 72 

Longview Blvd 88 

Claybrook 100 

Ericson Place 93 

Fairwood Ln 54 

Churchill Ln 82 

Seekamp Ave 99 

Wood Ave 91 

E. Essex (Kirkwood to N. Taylor) 87 

Kneirim 74 

Schubert 98 

N. Harrison (Peeke to W. Essex) 85 

2012 Average PCI = 84.6 

MicroPAVER Predicted PCI = 91 

2012 
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Table 5: PCI Ratings for each Project in 2013 

 

When major maintenance activities, such as mill & overlay or complete reconstruction, 
are entered into the Work History module of the MicroPAVER software the PCI is reset 
to 100.  Even though the software considers a complete reconstruction (such is 
currently happening on North Clay Avenue) equivalent to a mill and overlay; in point of 
fact these two types of projects are not equivalent in long term performance.  A 
complete street reconstruction has a longer service life and remains in better condition 
longer than a mill and overlay process.  In other words, the deterioration rate for a 
milled and overlaid street is greater than that for a reconstructed street.  That being 
said, the previously cited average PCI scores for each year’s mill and overlay suggests 
that some of these streets were poor candidates for mill and overlay based on the low 
PCI scores.  Those streets with low PCI ratings are attributed primarily to extensive 
alligator cracking which is an indication of base failure. 

Over recent years City Staff has specified no joint fill material for all reconstructed 
concrete streets.  Whether or not this practice is a good policy for the City, to continue 
this practice is beyond the scope of this study.  It should be noted that the MicroPAVER 
software deducts 4 points from the PCI rating for non-crack sealed joints.  

STREET PCI RATING 

Couch Ave (Big Bend to cul de sac) 95 

Couch Ave (Big Bend to Rosehill) 85 

Couch Ave (W. Rosehill to W. Adams) 78 

Couch Ln (cul-de-sac below Big Bend) 64 

Marjean Ct 100 

Andrews Ave 83 

Mclain Ln 96 

Boxwood Ln 99 

Forest Glen Ln 92 

W. Rose Hill Ln (Couch to Craig) 98 

Grandview 97 

Robert Ave 100 

Harvey St 100 

W. Rose Hill Ln (S. Geyer to Couch) 86 

2013 Average PCI = 90.9 

MicroPAVER Predicted PCI = 94 

2013 
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3 
Budget Analysis 

 
A generally accepted level of service for a community with the age of Kirkwood would 
be in the range of 75-80 PCI.  A city can defer a great deal of expenditures in its initial 
growth years.  However, as streets age they require more and more maintenance to 
keep them in an acceptable condition.  The continued deterioration of Kirkwood's 
streets is inevitable, if unchecked. 

Current PCI Condition 

As stated previously, Kirkwood’s current network PCI is 64 which is considered the low 

end of the good range.  The PCI scale is defined below in Table 6: 

 

Table 6: Pavement Condition Index (PCI) Scale 

Projected PCI Conditions 

The following chart assumes that no additional revenues for street maintenance are 
available, which over the next 20 years is admittedly unlikely.  However, it does provide 
tangible evidence of the inexorable deterioration of Kirkwood's streets.  Table 7 
illustrates the cumulative effect caused by deferred maintenance over the next 20 
years. 

Excellent 86 - 100

Very Good 71 - 85

Good 56 - 70

Fair 41 - 55

Poor 26 - 40

Very Poor 11 - 25

Failed   0 - 10

PCI Scale
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Table 7: PCI Ratings as a Result of Deferred Maintenance 

 

Budget Scenarios 

OPTION #1 

Unlimited funding (heavy first and second year needs) 

Cost: $97,500,000.00 

Result: PCI is raised from 64 to 82 in first year, 100 in the second year and levels out at 
92 by the fifth year.  There is no deferred maintenance after the second year. 

 

OPTION #2 

Safety repairs only 

Cost: $250,000.00 annually 

Result: Gradual decline from current PCI of 64 to a PCI of 52 by the fifth year. 

 

YEAR

2015 64

2016 61

2017 58

2018 55 * critical PCI

2019 52

2020 49

2021 46

2022 43

2023 40

2024 37

2025 34

PROJECTED NETWORK PCI
(Safety Repairs Only)

PCI RATING
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OPTION #3 

Cost: $1,000,000 annually 

Result: PCI decreases from 64 to 60 in year 5.  There will be deferred maintenance 
contingent upon future funding levels as shown in the below Figure 4. 
 
 

 

Figure 4: PCI Ratings as a Result of $1,000,000.00 Annual Budgeted 
Maintenance 
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OPTION #4 

Cost: $1,500,000 annually 

Result: PCI increases from 64 to 67.1 by year 5.  Option #4 will result in the satisfactory 
maintenance of all pavements above the critical PCI.  However, limited funds will be 
available for pavements requiring major maintenance or repair.   There will be greater 
levels of deferred maintenance as shown in Figure 5 on the next page. 

 

 

Figure 5: PCI Ratings as a Result of $1,500,000.00 Annual Budgeted 
Maintenance 
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OPTION #5 

Kirkwood Budget identified by Director of Public Services 

Cost: $2,000,000 annually 

Result: PCI increases from 64 to 70 by year 5.  There will be a degree of deferred 
maintenance but less so than other budget scenarios.  There will be even greater levels 
of deferred maintenance as shown in Figure 6 on the next page. 

 

 

Figure 6: PCI Ratings as a Result of $2,000,000.00 Annual Budgeted 
Maintenance 
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All five above mentioned options are compiled in the below Figures 7 and 8 graphically 
illustrating the various budget scenarios with the required annual spending needed to 
meet these scenarios. 

 

Figure 7: PCI Funding Scenarios 

 

Figure 8: Required Annual Spending for Each Budget Scenario 
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4 
Conclusion 

 
The City should begin to consider identifying potential revenue sources to 

address the long-term major maintenance and repair needs of their streets.  

Current funding levels, manpower and materials are insufficient to adequately 

address the City’s maintenance needs well above the critical PCI of 55. 

Deferred maintenance has increased significantly over the last 10 years while 

street reconstruction funding has declined each year.  The amount of deferred 

maintenance will continue to increase as well as the total cost necessary to 

restore an adequate PCI level to the City's streets should the City decide to 

defer street maintenance. 

The three (3) year Capital Improvement Plan (CIP) has not been developed at 

this time for the following reasons: 

 Future budgets are unknown. 

 The maintenance policies unique to Kirkwood have not been developed yet 

in order to be entered into the PMS software for use in developing a future 

Work Plan. 

 It has not been determined yet what the future role and responsibilities of 

the Street Maintenance Division shall be and what impact that may have on 

resource allocation. 

 An extensive pavement coring program needs to be developed, 

implemented and completed prior to the development of maintenance 

policies which will help guide the Department’s future decision making 

process.  

Recommendations 

The following funding options exist to enhance street maintenance and capital 

improvement budgetary support: 
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Transportation Development District (TDD) 

General Obligation Bonds 

Neighborhood Improvement Districts (NID) 

Community Improvement District (CID) 

Transportation Sales Tax 

Enhance participation in East West Gateway STP and CMAQ funding 

Property Tax Increase 

 

Appendix H contains further information prepared by Mr. James Mello with 

Armstrong, Teasdale Law Firm describing the use of TDDs, NIDs and CIDs. 
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APPENDIX A 
Definitions 

Service level: the overall condition of a community's streets and the associated 

expectation regarding the condition of those streets. 

PCI (Pavement Condition Index) – A numerical score representing a 

particular street's condition 

PMS  Pavement Management System 

AAC  Full Depth Asphalt Street Construction 

APC  Concrete with Asphalt Overlay Street Construction 

PCC  Concrete Street Construction 

Network A community (i.e. Kirkwood) 

Branch  A roadway (i.e. North Harrison Avenue) 

Section A piece of a roadway broken up for the purpose of maintaining like 

characteristics (i.e. road width, pavement construction, traffic volume, 

traffic characteristics, etc.)  Based on this definition, North Taylor 

Avenue has been broken up into eight sections to facilitate MicroPAVER 

analysis.   
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APPENDIX B 
Explanation of the MICROPAVER System 

INTRODUCTION 

In order to effectively manage a City's streets, a systematic, objective method of 

determining maintenance and rehabilitation (M&R) needs and priorities must be used 

to ensure efficient allocation of resources.  Both engineering and economic factors must 

be taken into consideration in determining cost-effective M&R strategies.  In 1968, the 

U.S. Army Construction Engineering Research Laboratory (USACERL) began developing 

the Pavement Maintenance Management System, now known as PAVER, to assist as a 

tool in making standard, practical decisions. 

PAVER was developed under the auspices of Headquarters, U.S. Army Corps of 

Engineers through funding from the Army and Air Force.  It was originally designed to be 

operated on a mainframe computer at military installations, but also has far reaching 

application among municipalities, airports and counties.  PAVER was field tested and 

validated at Fort Eustis, VA through full scale demonstration monitored by 21 pavement 

engineers. 

One of the primary functions of a PMS is predicting pavement condition into the future.  

To make this projection, there must be an objective repeatable scale for determining 

the present pavement condition.  PAVER uses the Pavement Condition Index (PCI); a 

numerical index from 0 to 100 that gives an indication of a pavement's structural 

integrity and operational condition.  The PCI is based on the types, severity, and 

quantity of pavement distress identified during a condition survey. 

In 1984, USACERL began developing a microcomputer version of PAVER called 

MICROPAVER.  This project was initially sponsored by the FAA, with additional 

capabilities funded by the Army and Air Force.  MICROPAVER maintains most of the 

capabilities of mainframe PAVER, while taking advantage of the more user friendly 

features of a microcomputer.  MICROPAVER offers an economical solution to small 

database users seeking the advantages provided by a PMS.  The American Public Works 

Association (APWA) has adopted MICROPAVER as the best available Pavement 

Management System (PMS) and has assisted in implementation at more than 90 military 

installations and 400 civilian facilities. 
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PAVEMENT MAINTENANCE MANAGEMENT CONCEPTS AND COMPONENTS 

Overview 

In past years, when maintenance funds were easier to obtain, pavement maintenance 

was typically performed as the need was brought to the engineer's attention.  Past 

experience tended to dictate the selection of short-term repair techniques with little 

regard given to the long-term effects of the selected remedy.  In today's economic 

environment, as pavement deterioration rates exceed the availability of M&R funds, a 

more systematic approach to determining M&R needs and priorities is required.  

Pavement networks must now be managed, not simply maintained. 

The recent emergence of Pavement Management System (PMS) products has provided 

engineers with the tools needed to manage their pavements economically.  A PMS 

provides a systematic, consistent method for selecting M&R needs and priorities and 

determining the optimal time of repair by predicting future pavement condition.  The 

importance of early detection and repair of pavement distress cannot be overstated; the 

consequences of neglect and deferred maintenance are plotted in Figure 3.  If repairs 

are performed during the early stages of deterioration before the sharp decline in 

pavement condition, repair costs of 80 percent can be realized.  In addition to money 

savings, less shutdown time would be required, making neglect a costly alternative.  A 

PMS can be used to alert the manager to this point in a pavement's life cycle. 

Pavement management consists of two levels of analysis (1) the network level, in which 

the agency's entire pavement network is considered for budgeting, planning, 

scheduling, and selection of potential M&R projects and (2) the project level, in which 

potential projects are evaluated in more detail to identify feasible alternatives that 

address the site-specific conditions.  The final step in project-level analysis is to perform 

life-cycle costing for selection of the most cost-effective M&R alternative.  The scope of 

this report will be confined to network level analysis.  Should the City give conceptual 

approval of the recommendations contained in this report, it will be necessary for City 

Staff to complete project-level analysis in order to "nail down" each street's M&R costs. 

Approaches to Determining M&R Needs 

Various organizations in the United States use different approaches to determine the 

necessary maintenance and rehabilitation for a given pavement section.  Brief 

descriptions of the three most common approaches follow: 

Ad Hoc Approach 

Many agencies use the "habitual" or ad hoc approach, in which the staff applies the 

M&R alternatives that experience indicates is the best solution.  Evaluation suggests 

that this approach results in the seemingly habitual application of a selected few 
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alternatives.  A major drawback to this approach is that because of the limited set of 

alternatives, the best or more economical option for the pavement being considered 

may not be selected. 

Present Condition Approach 

In the "present condition" approach, the pavement is first evaluated using various 

condition indicators.  Based on an analysis of these indicators, an M&R alternative is 

selected to correct the condition; however, no life-cycle cost comparisons of the 

alternatives are considered.  A major advantage of this approach is that the prescribed 

M&R alternative addresses the deficiencies found in the pavement.  The disadvantage is 

that the choice may not be the most cost-effective method. 

Life Cycle Approach 

The "Life Cycle" approach requires not only an in-depth evaluation of the pavement 

under consideration, but also prediction of its future condition.  This process ensures 

selection of the most economical M&R strategy, as determined on a life-cycle cost basis.  

Projection of future condition requires the ability to measure condition on an objective, 

repeatable scale.  By projecting rate of change on an objective condition scale, a 

meaningful life-cycle cost analysis can be performed to compare the various M&R 

alternatives and the future maintenance costs associated with each.  Not only is the 

best M&R alternative selected, but the optimal time of application is also determined.  

As discussed earlier, such a decision is critical in order to avoid the higher M&R costs 

caused by excessive deterioration. 

Project- vs. Network-Level Management 

The individual selection of the best M&R alternative for each project being considered is 

known as "project-level management."  Each project is analyzed in detail and the most 

feasible alternative is selected on a case-by-case basis.  Little or no consideration is 

given to the resource requirements of the other projects being evaluated.  Engineers 

have traditionally been trained to work at the project level, which may be acceptable as 

long as money is abundant. 

However, this approach is no longer feasible due to the ever increasing budget 

constraints.  Top management is now demanding budget projections for each fiscal 

year.  This process is not possible within current resources if there must be an in-depth 

evaluation for each project to arrive at required budgets.  Instead, the pavement 

network must be inspected in less detail and at a faster rate to identify a list of potential 

projects.  When the needs of the entire network are considered, the process is referred 

to as "network-level management."  When a pavement section is selected as a potential 

project, only then is it scheduled for in-depth evaluation and selection of a specific M&R 

strategy at the project level. 
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In general, network-level management considers the agency's short- and long-range 

budget needs, present and future overall network condition, and the identification and 

prioritization of potential projects to be considered at the project level.  At the project 

level, the primary objective is to select the most cost-effective M&R strategies within 

existing management constraints. 

Network-Level Management in a PMS 

In network-level management, current and future M&R requirements are determined 

by considering the needs of the entire pavement network.  The most important step in 

analyzing network needs accurately is to project the future condition of each section.  

This projection provides the input needed to perform two tasks:  (1) scheduling future 

condition inspections and (2) identifying sections that will require major M&R in future 

years for budget estimating. 

Pavement sections are flagged for inspection when their projected condition falls below 

a user-specified minimum allowable condition level.  Ordinarily, this will be the point at 

which the pavement begins the sharp decline in condition and at which M&R should be 

performed.  Also, based on the section's rate of deterioration, or loss of PCI points per 

year, re-inspections are scheduled, allowing pavements with a high rate of deterioration 

to be inspected more often than those with a lower rate. 

Some examples of MicroPAVER financial capabilities include: 

Five-Year Budget Forecasts:  Based on local maintenance costs, the deterioration rates 

of individual local pavements and other factors, MICROPAVER will estimate annual 

maintenance budget needs. 

Budget Scenarios:  MICROPAVER can develop "what if" maintenance budget scenarios 

that relate budget packages to expected street conditions and future budgets. 

Forecasts of Pavement Condition:  Forecasts of future pavement conditions can be 

developed reflecting the consequences of deferred maintenance. 

Project Prioritization:  MICROPAVER will target pavements that should receive 

immediate attention by using a variety of criteria selected by Kirkwood staff. 

Life-Cycle Costing:  There are several programs to help select the maintenance strategy 

with the lowest long-term (life-cycle) cost and longest life expectancy. 

Budget Optimization:  MICROPAVER will identify those maintenance alternatives and 

those projects under consideration that will optimize a given budget. 

The forecasted budget requirements calculated by the PMS should be compared with 

the actual amount of money allocated for M&R in the program year.  When the 
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forecasted budget requirements exceed the actual amount of dollars available, as is 

usually the case, a prioritization scheme should be developed to provide a method of 

determining which pavement sections will be repaired first.  By comparing the 

prioritized projects with the actual budget, a list of potential projects which are 

candidates for M&R in the current program year is produced.  This potential project list 

provides the basis for project-level management. 

 Typically most cities utilize a worst-first priority scheme as shown below. 

"WORST-FIRST" 

PCI Range Arterial  Collector Residential 

56-100  7  8  9 

41-55  4  5  6 

0-41  1  2  3 

However, extensive PMS research has shown the reverse priority scheme is most cost 

effective.  That is, over the life of the pavement you realize higher service levels for less 

money when this type of priority scheme is used. 

"COST-EFFECTIVE" 

PCI Range Arterial  Collector Residential 

56-100  1  3  6 

41-55  2  5  8 

0-41  4  7  9 

Project-Level Management in a PMS 

In project-level management, each section identified in the network analysis as a 

candidate for M&R in the current year should be subjected to a detailed condition 

survey.  The results of these detailed surveys are then used to identify feasible 

alternatives that can correct existing deficiencies and prevent their recurrence.  The 

various alternatives identified, including "no action," should be compared on a life-cycle 

cost basis.  In addition, the economic feasibility of combining adjacent sections into one 

large project should be investigated.  The results, combined with any budget and/or 

management constraints, produce the final M&R project list for the current program 

year.  A more sophisticated analysis for the current year's projects would include 

consideration of the benefits associated with each feasible alternative for each section.  

An analysis of both benefits and life-cycle costs produce M&R alternatives that ensure 

maximum return on investment for the agency. 
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Benefits of a PMS 

Implementation of a PMS benefits the user in several ways.  With an objective, 

consistent method of evaluating pavement condition, M&R needs and priorities can be 

determined on a systematic, documented engineering basis.  Necessary budget 

requirements can be identified for maintaining pavements at various levels of 

serviceability, and the effects on the pavement network of delaying the necessary 

repairs can be shown.  Finally, a PMS can be used to ensure selection of the most cost-

effective M&R strategy by performing a life-cycle analysis on all feasible M&R 

alternatives.  It is important to remember that a PMS does not replace good engineering 

judgment.  It serves only as a tool to assist the engineer in the decision-making process. 

PAVEMENT CONDITION SURVEY AND RATING PROCEDURE 

Overview 

The most useful feature of an effective PMS is the ability to both determine the current 

condition of a pavement network and predict pavement condition some time into the 

future.  To predict condition reliably, an objective, repeatable rating system for 

identifying the pavement's present condition must be used.  The MICROPAVER System 

uses the PCI, a numerical index ranging from 0 for a failed pavement to 100 for a 

pavement in perfect condition, as its pavement condition rating. 

The PCI is calculated based on the results of a visual condition survey in which distress 

type, severity, and quantity are identified.  Field verification of the PCI inspection 

method has shown that the index gives a good indication of a pavement's structural 

integrity and operational condition.  It has also been shown that, at the network level, 

the observation of existing distress in the pavement provides a useful index of both the 

current condition and an indication of future performance under existing traffic 

conditions, without requiring comprehensive testing programs such as roughness, skid 

resistance, and structural capacity.  As a result, large savings can be realized in terms of 

both time and money. 

The degree of pavement deterioration is a function of the type of surface distress, 

distress severity, and amount of distress.  Because of the large number of possible 

combinations, producing one index that would take into account all three factors was 

one of the major problems in developing the PCI.  To overcome this problem, "deduct 

values" were introduced as a type of weighing factor to indicate the size of the effect 

that each particular distress type, severity level, and distress density combination has on 

pavement condition.  Based on input from field-testing and evaluating the procedure, 

accurate descriptions of distress types and severity levels, and the corresponding deduct 

values, were developed so that the PCI could be calculated. 
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Pavement Inspection Sampling Techniques 

The inspection of every sample unit in a pavement section may require considerable 

effort, especially if the section is large.  In an effort to limit the amount of resources 

required, a sampling plan was developed so that a reasonable estimate of the PCI could 

be determined by inspecting only a portion of the sample units in the pavement section.  

The degree of sampling depends on the current and projected use of the pavement as 

well as the objective of the survey.  For streets and parking lots it is difficult to justify a 

high degree of sampling unless a project level evaluation is being performed. 

DEVELOPMENT OF ANNUAL AND LONG-RANGE WORK PLANS USING MICROPAVER 

Introduction 

Several engineering studies have shown that the most economical way to preserve 

pavements is through preventive and timely application of the correct maintenance 

alternative.  Figure 3 is a schematic diagram of a typical pavement condition life cycle 

showing the significant increase in maintenance cost if the pavement is allowed to 

deteriorate below a certain condition. 

The MICROPAVER system provides personnel with an easy to use decision-making tool 

for pavement maintenance management.  A step-by-step method for annual and long-

range planning will help personnel prioritize the pavement system and allocate the 

budget at the network level.  At the project level the MICROPAVER system can help 

choose the best maintenance and rehabilitation alternative.  The goal of this technology 

is to maximize the pavement condition with the available funds. 

ANNUAL WORK PLAN 

An Annual Work Plan (AWP) consists of two parts.  Annual Recurring Requirements 

(ARR) and Programmed Year Projects (PYP).  Following is a description of each, as well as 

guidelines for their development using the MICROPAVER system. 

Preventive Maintenance 

Preventive maintenance consists of activities intended to show the deterioration of 

street pavement in order to preserve the pavement investment.  There are two types of 

preventive maintenance:  localized and global.  Localized preventive maintenance 

includes crack sealing and various patching techniques.  Global preventive maintenance 

includes various methods of surface sealing for asphalt pavements and joint sealing for 

concrete payments. 

The Critical PCI is defined as the PCI value below which the pavement shows a 

significant increase in the rate of deterioration and preventive maintenance cost.  The 
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Critical PCI is usually between 55 and 70.  A value of 55 is most likely to be selected 

unless otherwise indicated. 

As you can see in Figure 3, the City is currently at an overall PCI of 64 which is slightly 

above the critical PCI of 55.  The significance of this fact cannot be overstated.  The 

implication is clear that the City's streets as a whole are at a point in their life cycle that 

will result in ever increasing deterioration and maintenance costs if something is not 

done to reverse this trend. 

Global preventive maintenance is recommended for those asphalt pavement sections 

having a PCI above the Critical value and showing minor or no structural distress.  The 

specific type of maintenance depends on the age of the pavement, usage, and existing 

distresses.  For example, a pavement with weathering and raveling will benefit from a 

fog seal or a rejuvenator.  A pavement with a smooth surface or skid problem should not 

be treated with a rejuvenator but instead should be considered for a chip or slurry seal 

or programmed for a thin overlay.  Global preventive maintenance for PCC pavements 

usually consists of joint sealing. 

Programmed Year Projects (PYP) 

PYP includes all pavement sections at or below the Critical PCI as well as sections above 

the Critical PCI that are beginning to show structural distress.  If the budget permitted, 

performing the most cost-effective M&R on all the PYP sections would be desirable.  

However, this is usually not the situation.  Therefore, it is important to prioritize these 

sections to ensure the highest return on investment and to meet managerial constraint 

sand references 
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APPENDIX C  
MICROPAVER Summary Reports 

PCI Ratings (by maintenance zones) 
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APPENDIX D  
MICROPAVER Summary Maps 

PCI Ratings (by maintenance zones) 
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APPENDIX E 
Photos of Street Structural Distresses 
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NORTH WOODLAWN AVENUE 

PATCHING IN FAIR TO GOOD CONDITION WITH LOW LONGITUDINAL AND 

TRANSVERSE CRACKING WHICH HAS BEEN CRACK SEALED 

WEST ARGONNE AVENUE 

SEALED AND UNSEALED LONGITUDINAL AND TRANSVERSE CRACKING 

 

WEST ARGONNE AVENUE 

ALLIGATOR CRACKING WITH LONGITUDINAL AND TRANSVERSE CRACKING AS 

WELL AS WEATHERING 

 

NORTH WOODLAWN AVENUE 

PATCH IN GOOD CONDITION, LOW LONGITUDINAL AND TRANSVERSE CRACKING 

AS WELL AS HIGH ALLIGATOR CRACKING 
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BARTER AVENUE 

WORN MICROSURFACE SHOWING SIGNS OF DELAMINATION AND POT HOLE 

FORMATION 

 

BARTER AVENUE 

WORN MICROSURFACE WITH LONGITUDINAL AND TRANSVERSE CRACKING 

BARTER AVENUE 

SEVERELY DETERIORATED MICROSURFACE WITH HIGH LONGITUDINAL AND 

TRANSVERSE CRACKING 

 

BARTER AVENUE 

WORN MICROSURFACE WITH LONGITUDINAL AND TRANSVERSE CRACKING 
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BOUYER LANE 
 

SEVERE PAVEMENT DETERIORATION WITH LONGITUDINAL, TRANSVERSE AND 

ALLIGATOR CRACKING WITH RAVELING AND POTHOLES 

DOUGLASS LANE 

MODERATE LONGITUDINAL, TRANSVERSE AND ALLIGATOR CRACKING 

GEYER ROAD 

DETERIORATED PATCHING WITH MODERATE LONGITUDINAL AND TRANSVERSE 

CRACKING AS WELL AS MODERATE WEATHERING 
 

BOUYER LANE 
 

SEVERE PAVEMENT DETERIORATION WITH LONGITUDINAL, TRANSVERSE AND 

ALLIGATOR CRACKING WITH RAVELING AND POTHOLES 
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QUAN AVENUE 

UTILITY PATCH IN FAIR CONDITION WITH SEVERE LONGITUDINAL, 
TRANSVERSE AND HIGH ALLIGATOR CRACKING 

 

WEST WASHINGTON AVENUE 

PATCHING IN GOOD CONDITION WITH LONGITUDINAL AND TRANSVERSE 

CRACKING AS WELL AS MODERATE WEATHERING 

WEST WASHINGTON AVENUE 

SEVERE LONGITUDINAL, TRANSVERSE AND ALLIGATOR CRACKING WITH 

MODERATE WEATHERING 

 

QUAN AVENUE 

TWO APPLICATIONS OF MICROSURFACING IN VERY POOR CONDITION WITH 

SEVERE LONGITUDINAL, TRANSVERSE AND HIGH ALLIGATOR CRACKING AS 

WELL AS RAVELING AND POTHOLES 
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BOX ELDER DRIVE 

PATCHING IN POOR CONDITION WITH DIVIDED SLABS, TRANSVERSE CRACKING, 
JOINT DETERIORATION AND CORNER SPALLS 

 

BOX ELDER DRIVE 

PATCHING IN POOR CONDITION WITH DIVIDED SLABS, TRANSVERSE CRACKING, 
JOINT DETERIORATION AND CORNER SPALLS 

 

SOUTH FILLMORE AVENUE 

WIDESPREAD UNSEALED LONGITUDINAL AND TRANSVERSE CRACKING WITH 

JOINT AND CORNER SPALLS AS WELL AS CORNER BREAKS, AND DIVIDED SLABS 

VAN BUREN AVENUE 

PATCHING IN POOR CONDITION WITH JOINT DETERIORATION AND CORNER 

SPALLS AS WELL AS TRANSVERSE CRACKING 
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ROLLINGWOOD LANE 

UTILITY PATCHING IN POOR CONDITION WITH DIVIDED SLABS, TRANSVERSE 

CRACKING, JOINT SEAL DETERIORATION AND CORNER SPALLS 

 

ROLLINGWOOD LANE 

PATCHING IN POOR CONDITION WITH DIVIDED SLABS, TRANSVERSE CRACKING 

AS WELL AS SEVERE JOINT AND CORNER SPALLS 

 

WESTCHESTER COURT 

PATCHING IN POOR CONDITION WITH DETERIORATED JOINT SEAL, CORNER 

SPALLS AS WELL AS TRANSVERSE CRACKS, CORNER BREAKS, AND DIVIDED SLABS 

ROLLINGWOOD LANE 

PATCHING IN POOR CONDITION WITH DETERIORATED JOINT SEAL, CORNER 

SPALLS TRANSVERSE CRACKING 
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APPENDIX F 
Strategies for Fiscally Sustainable Infill Housing Study 

Prepared by:  Chris Schildt, with the Center for Community Innovation 
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APPENDIX G 
Recommended Pavement Restoration Standards  
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APPENDIX H 
Summary of the Neighborhood Improvement District Act  

Describing various options for the use of NID, CID and TDD Taxing Districts  

(Prepared by Mr. James Mellon, with Armstrong Teasdale) 
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APPENDIX I 
Private Streets within Kirkwood not Assessed: 

Green Glen   Green Point  Hillcrest Place  

Hoffman Avenue  Krauswood  Lacquer Drive  

Oak Timber   Barrington Square Bent Oak 

Bishops Gate   Brooksgate Manor Candleberry 

Carriage Circle   Chancellor Square Charmers Court 

Claybine Drive   Cloisters  Colony Woods 

Cork Elm   Cragknob Court  Creekfield Walk 

Dickson Court   Douglas Lane  Eastview Drive 

Fieldmont Drive   Finlay Road  Larkspur Lane 

Pinegate   Provincial  Rayner 

Reedway   Rockbridge  School Lane 

Sommet Place   Stonecrest  Stoneridge 

Stoneridge Trails  Limestone Place Maryhurst 

Middleton   Monclay  North Taylor Glen 

Sugar Creek Ridge  Thursby   Sugar Creek Trail 

Taylor Young   Wealowood  Woodland Trail 

Sunny Drive (off Ballas Road) 

 


