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truck for the same purpose. It is clear that 0. 25 
gal could have been saved per producti~n 11nit each 
time a flatbed truck was used instead of a dump 
truck. Considering the total production for activ
ity 272 in 1981 (21,056 man hours), about 2,600 gal 
could have been saved during fiscal year 1981. 
Similarly it was found that an extra 5,908 gal was 
consumed as a result of using a dump truck in 18 
percent of all jobs of activity 276 (spot litter 
pickup), whereas a pickup truck could have been used 
in the operation of this activity. 

These examples were two of many cases in which 
the actual frequencies of equipment use deviated 
from IDOH standards. The savings mentioned are 
based on these deviations. However, the deviation 
observed might have been caused by the inherent 
nature of the jobs performed. In this case the cur
rent equipment use standards may be updated to com
ply with the actual field requirement and to help in 
better monitoring and evaluation of field work. 

ACKNOWLEDGMENT 

This work is a part of a Highway Planning and Re
search Program project funded by the Federal Highway 
Administration and the Indiana Department of High
ways. 

REFERENCES 

1. T.H. Poister et al. Development of Performance 
Indicators for the Pennsylvania Department of 

Abridgment 

27 

Transportation. Pennsylvania Transportation 
Institute, University Park, Sept. 1980. 

2. Field Operations Handbook for Foremen. Divi
sion of Maintenance, Indiana Department of 
Highways, 1980-1981. 

3. Budget Report. Division of Accounting and Con
trol, Indiana Department of Highways, Indianap
olis, 1978. 

4. Budget Report. Division of Accounting and Con
trol, Indiana Department of Highways, Indianap
olis, 1981. 

5. Management System Procedure Manual. Division 
of Maintenance, Indiana State Highway Commis
sion, Indianapolis, 1975. 

6. Energy Requirements for Roadway Pavements. 
Asphalt Institute, College Park, Md., Misc. 
Rept. 75-3, April 1975. · 

7. Energy Conservation in Transportation and Con
struction. FHWA, Dec. 1975. 

8. Ideas for Energy and Material Conservation in 
Highway Construction. FHWA, Rept. FHWA-TS-78-
237, July 1978. 

9. J.A. Epps and F.N. Finn. Energy Requirements 
Associated with Pavement Construction, Reha
bilitation and Maintenance. Texas Transporta
tion Institute, Texas A&M Univ., College Sta
tion, Res. Rept. 214-19, Aug. 1980. 

10. Committee on Maintenance. High Energy Use 
Maintenance Activities. AASHTO, Washington, 
D.C., Feb. 1978. . 

11. TRNews, Nov.-Dec. 1980. 

Publication of this paper sponsored by Committee on Maintenance Equipment. 

Determining Maintenance Needs of County Roads and 
City Streets 

WES WELLS 

Two types of street and road maintenance needs in the San Francisco Bay Area 
are documented : ongoing maintenance, or what is necessary on an annual basis 
to keep roads in adequate condition, and backlog costs, or what is necessary to 
bring roads back to adequate condition that had deteriorated due to deferred 
maintenance. Estimates of need for both types of maintenance are then com
pared with actual expenditures for the Bay Area's 9 counties and 92 cities to 
determine funding shortfalls. It was found that the local road system was not 
being adequately protected. Ongoing maintenance expenditures only covered 
about 60 percent of what was needed. Seventy-five percent of the shortfall was 
in preventive maintenance. This deferral of maintenance had led to a backlog 
of road deterioration by which 20 percent of the roads were classified as being 
in fair to poor condition. These findings led to three major recommendations: 
maintenance practices needed to be improved, the problem needed to be com
municated to the public, and more revenue was required . Significant steps have 
subsequently been initiated for all three types of maintenance. A simple and 
straightforward method of measurino need is presented, not to generate project
level decisions but to provide ballpark estimates of aggregate revenue require
ments. The methodological and technical study was extended to an action pro
gram to carry out the three recommendations. Popular summary reports, a 
slide show, legislative principles, and actions to improve maintenance practices 
have all been subsequently developed. 

The San Francisco Bay Area includes roughly 5 mil
lion of California's 23 million people in 9 counties 
and 92 cities. The largest cities are San Jose in 
the South Bay, Oakland and Berkeley in the East Bay, 

and San Francisco in the West Bay. These four 
cities had dominated the Bay Area, sustaining almost 
70 percent of the region's population through 1940. 
By contrast, the four northern counties have had the 
bulk of their growth occur in the last 30 years. 
Santa Clara County, in the south, has increased its 
population by 50 percent in just the last two de
cades. 

The Bay Area has more than 17, 000 miles of city 
streets and county roads. This represents more than 
92 percent of all roads in the region after the 
1,400 miles of state highways are included. Roughly 
one-fourth of the local system is contained in Santa 
Clara; another one-fourth in the four northern coun
ties of Marin, Napa, Solano, and Sonoma; and the re
mainder in the four central counties of Alameda, 
Contra Costa, San Mateo, and San Francisco. 

FINANCING LOCAL STREETS AND ROADS 

Since 1963 Californians have been taxed 7 cents per 
gallon of gasoline. Roughly half of this amount is 
returned to cities and counties to be used for 
streets and roads. About one-third of total reve
nues comes from the gasoline tax, another one-fourth 



20 

from cities' general funds, and the remainder from a 
variety of smaller sources. 

Several factors have affected these revenues in 
recent years, all in a negative direction. Most im
portant, the tax rate has not changed in 20 years. 
In addition, the distribution formula by which the 
local portion of the 7-cent/gal tax is allocated has 
also not changed in 20 years: the formula did not 
anticipate the tremendous shift in population in the 
1950s, 1960s, and 1970s into cities, which nega
tively affected the cities to an even greater 
extent. Gasoline tax revenues have also been declin
ing since FY 1978-1979 as California gasoline con
sumption dropped from 11.9 billion gal that year to 
11. 3 billion the next. This trend is projected to 
continue. Finally, in 1978 California taxpayers 
greatly curtailed prope'tty taxes and their rate of 
increase, which significantly reduced cities' gen
eral funds. 

With the funding scenario just noted, significant 
pressure was placed on California legislators to 
help solve the funding shortage. However, no study 
had been done that attempted to specifically measure 
maintenance requirements in dollars and then compare 
these required costs against what was actually being 
spent. 

In 1981 the California Legislature responded to 
the concerns being raised by introducing a bill to 
increase the gasoline tax by 2 cents/gal: 1 cent/gal 
was to come back to local jurisdictions for their 
road systems. This bill served as the catalyst in 
the mobilization of Bay Area public works directors 
both to support the bill and to actually document 
the real magnitude of the local street and road 
maintenance need. This effort led the Metropolitan 
Transportation Commission (MTC), in conjunction with 
other public works and engineering officials, to 
initiate the study discussed here. The purpose was 
threefold: to develop for the public and the legis
lature accurate information on local street and road 
conditions, including current and projected mainte
nance revenues and expenditures: to define ongoing 
and backlog maintenance requirements: and to provide 
a realistic assessment of the problem together with 

' funding requirements. 

STUDY APPROACH AND DESIGN 

Major Analytic Tools 

In order to determine what was being spent for road 
maintenance, what ought to be spent, and the resul
tant revenue gap or shortfall, it was necessary to 
acquire information from two major sources and to 
develop and cost a preventive maintenance program. 
A questionnaire was necessary to measure both what 
jurisdictions were currently spending for road main
tenance and what they thought they should be sp1mil
ing. The questionnaire also measured existing 
street areas by functional type and existing preven
tive treatments and cycles and identified major 
revenue sources. 

A pavement condition survey (PCS) was required in 
order to measure actual backlog costs. The intent 
of the survey was to develop reasonable estimates of 
the extent of road deterioration in sufficient jur
isdictions to permit ballpark estimates of county 
and regional backlog costs. Six types of distress 
were recorded after visual inspection of pavements: 
transverse , longitudinal, and alligator crack i ng as 
well as raveling, maintenance patching, and rut
ting. Inspectors also recommended corrective treat
ments, if necessary, ranging from routine spot re
pairs through restoration. 

In order to measure cyclical maintenance needs, a 
treatment process needed to be defined that would 
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keep roads adequately maintained, much like the 
scheduled maintenance for an automobile. A standard 
process was developed for arterials, collectors, and 
local access roads. For arterials, a slurry or chip 
seal without a fabric interlayer is applied in the 
7th, 21st, and 35th year. A 1.5-in. overlay with 
fabric is applied in the 14th and 28th years. · And 
finally the arterial is restored in its 42nd year. 
Similar processes were developed for collectors and 
local access but with much longer life cycles, 63 
and 105 years, respectively. 

The standardized maintenance cycle was then ap
plied to the inventory of the reg ion's streets and 
roads. The estimated age of the streets and roads 
was used to determine the required treatment. In 
this way the actual cyclical maintenance costs in 
any one year could be calculated. 
modifying the actual treatments or 
ternative cyclical strategies and 
costs were analyzed. 

In addition, by 
the cycles, al

their associated 

To facilitate t he development of the question
naire, the survey, and the cyclical treatment pro
cess, a technical advisory committee was estab
lished. This 24-member group was composed primarily 
of public works directors and local engineers knowl
edgeable in road maintenance. Besides helping to 
design the three major analytic tools just dis
cussed, this group proved invaluable as a catalyst 
for the participation of other local departments in 
the data-gathering efforts. The working knowledge 
of the committee on how road description data, 
cyclical treatment programs, and maintenance revenue 
and expenditure data were recorded enabled the ques
tionnaire to closely reflect local information files. 

In order to accurately document the total road 
maintenance needs of Bay Area jurisdictions, it was 
necessary to measure both backlog and ongoing main
tenance needs. 

Backlog Maintenance Needs 

To determine backlog maintenance needs, information 
from three major sources was required. 

Actual Measurement of Pavement Condition 

The PCSs were conducted in 11 Bay Area cities and 
counties. In all more than 7, 200 street segments 
representing more than 1, 500 miles of local roads 
were sampled. MTC handled all data processing. 
Traini ng classes were conducted in early April 
1981. All participating jurisdictions had returned 
their completed forms by the end of May. 

A pavement condition index (PCI) was calculated 
by using the extent and severity of pavement dis
tress scores from the six distress types. The range 
of scores varied as follows depending on the extent 
(percentage of area exhibiting distress) and sever
ity (none, slight, moderate, severe): 

1. Transverse cracking, 0-12; 
2. Longitudinal cracking, 0-20: 
3. Alligator cracking, 0-50: 

.4. Raveling or surface wear, 0-20: 
5. Patching or maintenance repair, 0-10; and 
6. Rutting or corrugations, 0-16. 

Therefore, the best possible PC! was zero and the 
worst possible was 128. 

Derivation of Recommended Maintenance Treatments 

The field surveyors also assigned one of nine pro
posed maintenance treatments to each road segment. 
MTC, through an analysis of the initial correlation 
between PCI and recommended maintenance treatments, 
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was able to assign a specific maintenance treatment 
based on each segment's PCI. This tended to reduce 
variations across jurisdictions. The assignment 
process was roughly as follows: no treatment, PCI 
0-19i seal, PCI 20-39i overlay, PCI 40-69; and res
toration, PCI 70+. 

Derivation of Costs for Corrective Treatments 

Costs were developed for each of the four major 
maintenance treatment categories based on the in
dividual treatment costs developed by the technical 
committee. These estimates represented averages 
from current maintenance contracts. 

Ongoing Maintenance Needs 

To determine ongoing maintenance needs, information 
was needed on what was currently being spent and 
what ought to be spent. 

What Was Being Spent 

A questionnaire was sent to each of the Bay Area 
jurisdictions asking them to report actual and bud
geted road maintenance expenditures. Sixty-four 
jurisdictions responded, representing all of the 9 
counties and 55 of the 92 cities. This represented 
all of the county road mileage and 87 percent of the 
city street mileage. Expenditures were broken down 
into four general maintenance categories: cyclical, 
e.g., preventive maintenance such as seals, over
lays, and restoration; routine, e.g., patching and 
crack repair; nonpavement, e.g., lighting and clean
ing; and other, e.g., special programs and adminis
tration. 

What Ought To Be Spent 

The determination of desirable maintenance expendi
tures was made in two ways. For the latter three 
categories (routine, nonpavement, and other), aver
age reported costs per mile were ~alculated for each 
reporting jurisdiction. These were defined as ex
penditures necessary for acceptable maintenance. 
These estimates are not based on standards and are 
therefore subject to the judgment of the public 
works directors. 

The determination of desirable expenditure for 
cyclical maintenance was based on the development 
and application of the standard preventive mainte
nance treatment process. The MTC questionnaire 
asked jurisdictions to show the cyclical treatment 
techniques that they believed could be used to sus
tain their streets and roads in acceptable condi
tion. The average procedure was then modified by 
the technical committee to create a standard mainte
nance cycle. 

The treatments were applied to miles of pavement 
as dictated by pavement age. This required an esti
mate of pavement miles by functional class by year 
built. To determine required cyclical costs for 
1980, for example, the cyclical treatments had to be 
matched to the estimated miles of roads built in 
specific years. Because all treatments were applied 
in 7-year cycles, required treatments were matched 
to the estimate of miles of road built in 1903 (11th 
treatment, or a slurry or chip seal without fabric 
for arterials and collectors and a rejuvenating seal 
for local access), 1910 (10th treatment, or a thin 
overlay with fabric for arterials and local access 
and a rejuvenating seal for collectors) , and so on 
through the miles of road built in 1973, which would 
be receiving their first cyclical treatment. It is 
recognized that this process is highly idealized and 
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ignores such inevitable real-life factors as severe 
climate changes, changes in traffic loads, budgetary 
constraints, modifications to old roads, and the 
like. Nevertheless, order-of-magnitude cost deter
minations are possible if this process is followed. 
More important, it permits the testing of modifica
tions to this process such as extending the 7-year 
cycle to 10 years or substituting overlays for res
toration. 

Calculation of Maintenance Shortfalls 

The ongoing maintenance shortfall represents the 
difference between what ought to be spent and what 
was actually being spent. The backlog maintenance 
shortfall represents the resultant costs calculated 
by applying the unit costs of the recommended main
tenance for each surveyed road section multiplied by 
the square yards in each section. Because results 
were based on a 9 percent sample of all Bay Area 
segments, an extrapolation to the total 17,000-mile 
system was required. This resultant total cost was 
reduced by the required cyclical cost for that year 
to yield the backlog. 

ANALYSIS AND RESULTS 

Backlog Maintenance 

Eleven Bay Area jurisdictions surveyed the condition 
of their pavements. Based on 1,500 miles of streets 
and roads surveyed, 56 percent of the road area was 
recommended to receive no treatment, 24 percent to 
receive seals, 15 percent overlays, and 5 percent 
restoration. 

Maintenance backlogs for individual jurisdictions 
were converted to cost estimates and expanded to 
represent reg ion al shortfalls. The total Bay Area 
maintenance backlog was estimated to be between $300 
million and $500 million. 

To illustrate roughly how this backlog would es
calate over the next few years as well as to even
tually link the combined maintenance needs to a pro
posed gasoline-tax increase, backlog costs were 
estimated through FY 1986-1987. The midrange of the 
regional estimate was used to simplify the illustra
tion. A 10 percent inflation rate was added to this 
amount. In addition, because ongoing cyclical and 
routine shortfalls will become backlog costs, 85 
percent (the pavement-related portion) of the pro
jected ongoing maintenance shortfall was also added. 
Results are shown in Table 1. The findings indicate 
that Bay Area roads are deteriorating at a more 
rapid rate than they are being repaired. To focus 
on the actual magnitude of this deferral of mainte
nance, it was necessary to examine how jurisdictions 
are coping with the annual or ongoing maintenance 
needs. 

Ongo_ing Maintenance 

The previous section on study design indicated the 

Table 1. Backlog costs estimated through FY 1986-1987. 

Backlog ($000 OOOs) 

Fiscal 10 Percent Pavement-Related 
Year Initial Escalation Ongoing Shortfall Total Future 

1980-1981 400 40 99 539 
1982-1983 54 120 713 
1983-1984 71 148 932 
1984-1985 93 173 1,198 
1985-1986 120 185 1,503 
1986-1987 150 205 1,858 
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Table 2. 1980-1981 Bay Area ongoing maintenance costs. 

1980-1981 Estimated 
Budgeted Essential 

Maintenance Expenditure Need Shortfall 
Category ($000 OOOs) ($000 OOOs) ($000 OOOs) 

Cyclical 42 118" 76 
Routine 30 40 10 
Nonpavement 
Street lighting 29 33 4 
Traffic safety 17 19 2 
Street cleaning 10 13 3 
Landscaping 11 15 4 
Miscellaneous 10 10 0 

Other (adminis- 18 20 2 
trative) 
Total 167 268 101 

aEstimatcd by applying the standard cyclical maintenance treatment program ~ 
All other expenditures and needs are as reported on MTC's foventory and ad
justed to average costs per mile for each line item~ 

method used to determine ongoing maintenance ex
penditures and needs and resultant shortfalls. In 
Table 2 the results for the base year, FY 1980-1981, 
are summarized. 

Clearly the pavement-related categories are where 
the greatest shortfalls are occurring. Eighty-five 
percent of the $101 million shortfall occurs in 
these categories: 75 percent is in the important 
category of cyclical or preventive ma.intenance. Most 
of the nonpavement and other categories represent 
more of the fixed-cost type of expenditures, which 
are more difficult to cut back or defer in times of 
severe budget problems. 

As illustrated with backlog costs, the future in
creases in maintenance shortfalls over those at
tributable to inflation are significant. The same 
is true for future ongoing maintenance shortfalls. 
The FY 1980-1981 shortfall has been projected to FY 
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1986-1987 to illustrate the rapid escalation of the 
cyclical maintenance costs in millions of dollars. 
The base-year shortfall of $101 million more than 
doubles to $241 million. This is occurring pr i
marily because many streets and roads are reaching 
an age in this decade where more expensive treat
ments, e.g., overlays and restoration, are necessary. 

RECOMMENDATIONS 

The analysis and results discussed here have been 
published (!.,ll. Because of the magnitude of the 
deficits estimated in these reports, the technical 
study phase was extended in order to publicize the 
problem and work toward possible solutions. Toward 
this end 2,500 copies of a summary report were dis
tributed, primarily to locally elected officials. A 
slide show was also prepared and presented to more 
than 50 groups in early 1982. Maintenance short
falls were converted into gasoline-tax equivalents 
to illustr ate how much increase would be required. 
These efforts helped foster a movement in the Bay 
Area by which 48 of 58 cities in four counties en
dorsed a 5-cent gasoline-tax increase to be placed 
on the ballot for voter approval. 
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Field Tests of Rapid Repair Methods for 
Bomb-Damaged Runways 

A.H. MEYER, D.W. FOWLER, AND B. FRANK McCULLOUGH 

Rapid repair of bomb-damaged runways is of vital concern to the U.S. Air 
Force. The results of field tests conducted under the direction of the Air Force 
Engineering and Services Center at Tyndall Air Force Base are presented. These 
tests were of various rapid rapair techniques that use methyl methacrylate 
(MMA) polymer concrete. This includes both user-formulated end commercially 
available MMA polymer concrete. Both spalls and craters were repaired. Full
dP.pth pnlym•r-cnncrnt• (PC) r•pairs, at-grad• prnca•t unit•, and prncast unit• 
with PC caps are reported. The repairs were trafficked with both F-4 (27,000-
lb single wheel) and C-141 (144,000-lb dual-tandem wheel) load carts. All of 
the crater repairs performed satisfactorily as did most of the spall repairs, 
which demonstrated the feasibility of using PC methods for the rapid repair of 
bomb-damaged runways. 

The rapid repair of bomb-damaged runways is of vital 
concern to the U.S. Air Force. Airfield pavements 
must be repaired rapidly after attack so that air
craft can be launched. Current repair procedures, 
specified in Air Force Regulation (AFR) 93-2 <!.l , 
are based on North Atlantic Treaty Organization 

(NATO) damage criteria, which require that three 
750-lb bomb craters be repaired in 4 hr. The repair 
procedures in AFR 93-2 include backfilling the 
crater with debris within 1 ft of the surface, re
moving upheaved concrete, filling the top of the 
crater with select fill, and then the placing and 
anchoring metal matting over the surface of the 
backfilled crater. 

New developments in weapons technology have 
altered the repair criteria. The current threat 
includes many smaller weapons. As a result, instead 
of only a few large craters as envisioned in AFR 
93-2, the repair procedures must also be able to 
handle many small or medium-sized craters. 

The Air Force Engineering and Services Center is 
currently engaged in a research and development 
program to improve the rapid runway repair (RRR) 
capability. New materials and techniques are being 
investigated by the Engineering and Services Labora-


