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Appendix: Presentations Made at the 

Maintenance Management Workshop 

Members of the conference steering committee 
believed presentations offered by speakers at the 
conference were of signif i cant value to be included 
with papers t hat had be en f o r mally r eviewed and 
p repared f o r public ation before the workshop. Five 
spea kers accept ed t he Chairman's i nv itation and 
pre pa r e d wri tten versio ns o f t he i r verbal rema r ks 
and they are included in this Appendix. 

Maintenance Management in the 
Countries Belonging to PIARC 

HENRI DeLANNOY 

Every 4 years the Permanent International Associa
tion of Road Congresses (PIARC) organizes a world 
congress with the general purpose of fostering prog
ress in the construction, improvement, maintenance, 
use, and economic development of roads. The next 
congress will take place in Brussels, Belgium, and 
you are all invited. 

In addition to organizing congresses the PIARC, 
through its 11 technical committees, is working in 
collaboration with other organizations with similar 
interests to set standards of design, construction, 
and improve commun i c ations between countries and 
within developing coun tries about developments in 
maintenance management. 

PIARC invites a representative from each country 
to ensure that the principal academic and research 
o r gani zat ions, the laboratories of c onstr uc tion 
companies , and public authorities with transport 
respons ibilities r ece i ve a copy o f t he basic docu
me nts o f its wor k . Almost a ll Eur o pea n coun tries 
are members of PIARC, also Canada, Mexico, Austra
lia, Japan, and many African and Asian countries. 
To our regret, the United States of America is not, 
but I am glad to have Adrian Clary of the Transpor
tation Research Boar;d as a dynamic, corresponding 
member of my committee on maintenance. 

At the start our committee on maintenance was 
mainly interested in winter maintenance and general 
maintenance of roads. After a few years we began to 
study maintenance management a lso. 

In mos t of the countries t he models are in dif
ferent stages of development with each country using 
the approach that functions best for its problems. 
Cons equently, I am de e ply i mpres s ed by that I hear 
in t his workshop a bout the s ituation in the United 
States. 

Now I am . going to give you a general view on 
maintenance management in the countries belonging to 

PIARC, based on the reports of the Sydney world 
Congress. 

As a beginning we are studying the assessment of 
pavement quality. 

PARTIAL CRITERIA 

The criteria used most widely for evaluating pave
ment condition by almost all the countr ies that are 
members of PIARC are deflection, evenness, skid 
resistance, cracking, and rutting. Among these 
parameters, somet imes one is used as the sole cri
terion or almost as the sole criterion for making 
decisions and is often included in an overall cri
terion. 

The measuring apparatuses used to 
objectively these parameters are numerous. 
important are as follows: 

quantify 
The most 

1. For deflection the falling weight deflectome
ter, the Dynaflect, the Benkelman beam, and the 
deflectograph (adjusted to measure very small de
flections) are used frequently on modern roads with 
semirigid surfacing. 

2. New profilometers have been developed for 
measuring the characteristics of rutting, such as 
c ross profile a nd depth; among t hese is t he laser 
p rof ilometer fr om t he Transporta tion Roa d Research 
Labora t o ry (TRRL) • It is a h igh speed p r ofilome ter 
with a laser sensor that is able to measure, without 
contact, the ve.rtical elevation of surface asper
ities and the longitudinal and transverse profile 
characteristics. 

3 • For evaluating evenness the goniograph, the 
accelerations integrator, and the longitudinal pro
file analyzer are used. 

4. The locked-wheel procedure is still used for 
measuring skid resistance, as well as the Stuttgart 
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rugometer and the NAASRA roughness meter, the 
British skid resistance tester, the American skid 
tester, and the SCRIM. 

5. As mentioned previously, TRRL developed the 
laser profilcmeter to measure: surface texture and 
also constructed a small manual machine with a laser 
sensor to measure constantly the macrotexture of the 
rolling surface. 

Global Criteria 

Several countries have been using present service
ability index (PSI) valuco for many years as an 
overall criterion for evaluating pavement condition 
(both the original formula and derived formulas 
adapted to local conditions). However, some coun
tries are developing their own evaluation methods, 
which are different from PSI but are based on simi
lar concepts. Overall these assessment procedures 
can be grouped into two categories: ratings and 
weightings. 

1. Ratings. Values obtained from measuring 
campaigns are added directly; and after fixing dif
ferent amounts of points (of merit and nonmerit) to 
each measured situation or parameter,' a rating score 
is obtainP.n, 

2. Neightings. Each parameter is given a weight 
in the context of the overall formula, and the re
sult is an overall condition value aE: a weighted 
average of the particular values obtained for dif
ferent parameters. 

The increasing complexity of methods for as
sessing pavement condition (such as systematic 
surveying campaigns and visual inspection proce
dures) and the area covered by road networks and 
their evolution lead to the generation of great 
masses of data that must be stored, classified, and 
processe~ so it will be readily available fer fol
low-up studies and management analysis. Therefore 
data banks become necessary, and many countries are 
working this way, with remarkable results. The 
development of visual procedures also leads to the 
extension of damage catalogs. 

STRATEGIES OF MAINTENANCE 

As a rule, three types of strategies are considered. 

Strategy 1: With the Current 

This strategy consists of letting the process of 
road deterio1<1llun continue, while trying to avoid 
its acceleration by immediate interventions aimed at 
repairing damage as it occurs and eventually by lay
ing surface dressings at given intervals. 

Strategy 2: Progressive Improvement 

This strategy initially implements a reduced design 
(during construction or strengthening) and then 
makes, at regular and relatively short intervals, 
interventions of a structural character to strength
en the road structure. This limits the initial 
investment but entails risks to the road that may 
develop from traffic and, in some regions, frost. 

It implies (a) strict follow-up of the evolution 
of the road and (b) the respect of maintenance 
sequences, which presupposes that the corresponding 
funds are available at the appointed time. Some 
countries stress a limitation of the roads on which 
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this strategy can be used (for example only for 
lightly-trafficked or average-trafficked roads). 

Progressive strategies lead to a higher overall 
consumption of materials, particularly bituminous 
coated macaaams; and this conflicts with the efforts 
made toward limiting the consumption of bitumen and 
developing the use of hydraulic binders. 

Strategy 3 : Heavy Construction 

In this strategy road structures and strengthening 
are designed in such a way that future interventions 
consist mainly of restoring surface qualities (even
ness, adhesion, and waterproofness) • The interven
tions of a structural type are limited to adapting 
the road to the evolution of heavy traffic. 

OPTIMIZATION 

The need to optimize road strategies poses a new 
urgency as a result of financial restrictions and 
the need to manage, in the best possible way, the 
existing networks. This optimization problem is 
being studied by all the countries that are members 
of PIARC; but unlike the situation in the United 
States of America, where many maintenance management 
systems are operational, the models are only in the 
process of being drawn up. An exception is Canada 
where several systems of optimization are in action, 
especially in Ontario and Alberta. The most recent 
one used in Alberta (since 1983) is called Rehabili
tation Information and Priority Programming Systems 
(RIPPS) and includes two subsystems: the Rehabilita
tion Analysis Subsystem (REHAB) and the Priority 
Programming Subsystem (PRIORITY). Optimization is 
realized by the technique of linear programming, 
which allocates the costs of investments and mainte
nance over a period of 25 years. 

In Australia research has been done on implement
ing a pavement mar.ag~ff1eni: mod~l, which takes into 
account both the infrastructure costs and the gen
eral costs of use. Also Great Britain is developing 
further its well-known Chart system. 

The Federal Republic of Germany has prepared 
cost-benefit studies including user costs for dif
ferent strategies. Papers on these subjects were 
given earlier. 

In France maintenance management is comprised of 
three steps: collecting information, defining needs, 
and choosing a solution, which is as the case may 
be, preventive maintenance (surface dressings or 
thin overlays) or a road strengthening by thick 
overlays or reconstruction. Economic analysis of 
the intervention program is the basis of optimiza
tion in Finland. The following aspects are con
sidered: costs of reinforcement, costs of mainte
nance, user costs, and the residual value of the 
road after the considered period. 

The target in Sweden is to achieve optimization 
of all costs to the community from both the user's 
and the road manager's point of view (i.e., mainte
nance, investment, accidents, travel time, and vehi
cle operating costs). A cost-benefit analysis is 
performed in which the marginal benefit to society 
is calculated for various changes in the present 
surfacing strategy. In Denmark the maintenance 
model consists of four main elements: the road stan
dards, the road data bank, a number of administra
tive procedures (which thoroughly describe how and 
when the various activities must be carried out and 
by whom) , and a priority model for maintenance needs. 

In Italy information in the data bank, which is 
based on periodic inspections, is used to assess 
maintenance needs. When a road section is indicated 
for repair, a punctual auscultation is performed to 



determine the necessary maintenance. The adopted 
optimal solution takes into consideration the fi
nancial and technical .aspects as well as disruptions 
in traffic. 

The Netherlands selects maintenance and rehabili
tation activities for the near future. The choice 
of the adequate intervention measure is based on the 
cost to assure a given service level. A research 
project for an optimization concept has been 
started. It considers two questions: the first 
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examines the minimum yearly maintenance budget when 
the set of quality standards is prescribed; the sec
ond is how to adjust quality standards to a given 
yearly maintenance budget. 

Finally in my own country, Belgium, a road net
work assessment and monitoring methodology is being 
developed. It is based on a comparison of assessment 
parameters with the visual inspection of the road, 
which is carried out eve,ry 5 years. 

Implementing Use of Microcomputers in the 
Highway Maintenance Program of New York State 

GEORGE R. RUSSELL 

I appreciate this opportunity to report briefly on 
some success with a management technique for intro
ducing microcomputers to an organization and devel
oping their use within the organization. 

The New York State Department of Transportation 
(NYSDOT) Highway Maintenance Program is organized 
into 68 residency organizations that are county 
size. They are the lowest highway maintenance orga
nizational element that has administrative and 
clerical responsibilities. Although they are the 
lowest organizational elements, they still have a 
significant amount of such work. For example, a 
residency clerical staff of two is expected to pro
vide all payroll, personnel, and purchase support 
for a work force of approximately BO people and a 
budget of approximately $1.5 million. • 

NYSDOT has had reasonably contemporary computer 
support at the main office level for 25 years, how
ever, no significant computer support has been ex
tended down to the residencies. In the late 1970s, 
the low-cost microcomputer became available, and 
many people, who previously had no access to com
puters, became proficient in microcomputer use. 

This was true in our department, and I began to 
receive ideas from the field and from my own staff 
on how microcomputers might help in the administra
tion of the program. Their responses were rather 
intriguing because the same people who had always 
spurned the printouts from the main office computer 
as being worthless now seemed to be saying that 
printouts from their own microcomputer would be 
priceless. 

In any event, they got my attention: and when I 
learned that at least two residencies had acquired 
use of privately owned micros (Apple !Is) and were 
using them for state business, I knew I was hearing 
some truth. To further my own knowledge, I completed 
a home study course for managers on the microcom
puter. This course reinforced what I had been told 
by several computer people; that is, that potential 
microcomputer users, in this case our resident engi
neers, should define carefully the problems they 
think can be solved by using micros. Next, they 
should find software that might be used to solve the 

problem, and then hardware that would run , the soft
ware. We decided to follow this course. 

It was obvious that the people best suited to 
define the problems were the people who had the 
problems, that is, our resident engineers. We have 
a significant advantage here, because all of our 68 
resident engineers are licensed professional engi
neers. Therefore, it was easy to find four competent 
ones who had a strong interest in computer tech
nology to form a committee to carry out a pilot 
project. To these we added a man from my office, 
who had had computer experience at the main office. 
He acted as secretary for the committee and kept me 
informed of their progress. 

The next step was to require each member of the 
committee to take the same home study course on 
micros that I had taken so that everyone would start 
with a common understanding of the management prob
lems. As a result all committee members quickly 
accepted the premise that they would have to define 
potential uses for the micro, find the software, and 
then the hardware. Between October 1982 and March 
1983, they isolated six significant uses for the 
microcomputer: 

l. Payroll changes, 
2. Word processing, 
3. Financial account keeping, 
4. Personnel information, 
5. Material inventories, and 
6. Accident damage collection. 

The software selected to solve these problems was 
D-Base I I, PeachCalc, and Words tar. This software, 
at that time, required a control program for micro
computers (CP/M) operating system in the computer. 
The computer selected was the Tandy TRS-80 Model 12 
Computer with Anadex Model 9500A printers. 

We acquired a set of software and hardware for 
each of the four resident engineers on the committee 
for use in their offices, which were scattered 
throughout the state. Also each committee member 
agreed to develop by November 30, 1983, a computer 
program to solve one or two of the six uses, and 
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they all agreed to implement all six programs by 
December 30, 1983. 

These assignments and deadlines were pµt in writ
ing to them so that their tasks and deadlines were 
clear. All six programs were written and imple
mented by the deadline of December 30, 1983. 

At this point, we ran into a bit of a delay in 
that NYSDOT as a whole had not stood still concern
ing microcomputers. There was great interest in 
micros by other program areas and several different 
micros were being acquired by different programs. 
This forced our administrative staff, who have over
all responsibility for computer support, to insist 
un a common operating system for micros to facili
tate the exchange of computerized information. They 
decided on the MS/DOS operating system, which runs 
tile IBM PC and several other makes. Up to that 
point all the committee's work had been based on the 
CP/M operating system. 

Therefore, the committee had to convert the soft
ware they had developed and acquire hardware that 
could use the MS/DOS operating system. The committee 
decided to use a new microcomputer on the market, 
the Tandy TRS-80, Model 2000. This machine uses the 
required MS/DOS operating system and is a faster 
machine than the older Model 12. At the same time, 
it was decided to adopt a new printer, the Okidata 
Microline, Model 93P. 

The committee modified their programs so they 
could be used with the Tandy TRS-80 and eight useful 
menu driven programs have been developed for direct 
application at residency level. Six more are being 
developed: 

One example of a useful program is the payroll 
change program. Our payroll system is set up to 

print out the same checks to the same people unless 
it is instructed to change. The residency is re
sponsible for initiating changes for their staff: 
this is a large, repetitious, and tedious task, 
especially in the winter wllen all of the blue-col
lar employees are earning overtime on snow and ice 
control. It was common for residency clerks to 
spend 15 man-hours per biweekly pay period on this 
task. With the micro, this work is reduced to l 
man-hour. We feel this one program application will 
pay back the cost of the hardware in a year. 

The committee's work showed that micros can be 
used successfully at. the residency level, so suc
cessfully, that once installed, they become almost 
indispensible. Consequently, we plan to install 
micros in 38 residencies this year and the remainder 
in 1985. 

In summary, we have been successful by following 
the procedure of defining possible applications, 
finding software that should do the job, and then 
matching hardware to the software. 

We were also successful because the users devel
oped the programs to meet their needs: nothing was 
imposed from above. We were fortunate in having 
intelligent, technically trained, enthusiastic 
users, who had the capability of effectively putting 
micros to work. 

In closing, I would like to give credit to the 
members of the committee. They are 

David Palma, Saratoga residency: 
Richard Bassler, Cortland residency; 
Fred Ames, Steuben-Chemung residency: 
Chet Moody, Cattaraugus residency; 
Albert Dicesare, Niagara residency; and 
William Dixon, main office, 

Merging Construction and Maintenance Activities 
in South Dakota 

WILLIAM M. GERE 

South Dakota is responsible for maintaining some 
18,500 single-lane miles of highway and administer
ing the activities of contractors on an average of 
250 construction projects annually. 

In the fall of 1980 because of continued pressure 
to reduce the number of department employees, it 
became obvious that we were going to have to reorga
nize to provide adequately staffed and trained con
struction inspection and maintenance crews to handle 
the work assignments. 

We reviewed the last B to 10 years of our mainte
nance activities and determined that we were ade
quately staffed in the rural areas at the rate of 20 
two-lane miles per maintenance worker including a 
foreman and 15 two-lane miles per worker in urban 
areas. The construction inspection and engineering 
staff need was being planned by a construction engi
neering management system that had been initiated in 
1979 and a 5-year construction program that we were 
reasonably comfortable with. 

The South Dakota Department of Highways was es
tablished in the late 1930s. It was organized into 
five districts with a district engineer in charge of 
each district, and the mileage assignment among the 
districts was reasonably equitable. In 1974 the 
South Dakota Department of Transportation was 
created. 

As a general rule the maintenance work was as
signed on a county basis with at least one mainte
nance crew with a foreman in charge in each county. 
In some of the more densely populated coun~ies with 
a greater number of miles of road there were two or 
three maintenance crews. 

Construction engineering and inspection was as
signed to an individual identified as the resident 
engineer with a crew of professionals and subprofes
sionals varying in number depending on the amount of 
work. In the early 1.950s we had 30 to 35 of these 
residencies looking after construction work and 90 
to 100 maintenance crews. With the advent of Inter-
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state highway construction, construction engineering 
unit staffs were increased substantiallyi and by 
1969 our field staff numbered 1,100 people. This 
included the engineering construction crews, the 
maintenance crews, and administrative and support 
staff for the five district headquarters. 

In 1961 the district engineer in concert with the 
central office management decided that there was a 
need for another level of supervision in the field 
headquarters officei this was provided by appointing 
two assistant district engineers, one in charge of 
construction and the other in charge of maintenance. 
This was our organization until 1980. An increasing 
awareness that construction activities would have to 
be curtailed because of dollar inflation made it 
necessary for us to assess the efficiency of the 
existing organization . A full-time equivalent ceil
ing, imposed by the budget, required a change that 
would allow placement of construction or maintenance 
personnel at a project site. . 

We started at the top in the central office merg
ing functions and reassigning supervision. The 
central office staff administering the construction 
and maintenance programs, which had been two sepa
rate offices for many years, was merged into one 
Operations Support Office with one engineer in 
charge of both construction and maintenance. Along 
with the personnel from the former maintenance and 
construction offices, other personnel from property 
management, traffic operations, billboard control, 
labor compliance, utility, and railroad operations 
were transferred into this office. The result was 
that the total department staff was reduced by 10 to 
12 full-time employees. 

At this time we transferred some of the responsi
bility that had been in the construction office to 
the field offices (e.g., construction change orders, 
price adjustments, and claims). District engineers 
(later region managers) were given the responsibil
ity for administering these requests without central 
office approval. Some apprehension went along with 
this reassignment of responsibility but after 3 
years of operating in this fashion it is working 
satisfactorily. 

A vacant assistant district engineer position was 
created in making the changes. Instead of appoint
ing someone to fill that position, we looked at some 
of the other states and decided to merge construc
t ion and maintenance activities in that district. 

We organized that district into three separate 
areas with an area engineer, who is r 'esponsible 
directly to the district engineer, in charge of 
each. The maintenance units and construction crews 
were made directly responsible to the area engineer. 
Some of the resident engi.neers were reidentified as 
project engineers. Each one is in charge of one or 
more construction projects and is responsible di
rectly to the area engineer. 

The same thing was done with the maintenance 
foreman. The field management organization now has 
four levels: district engineer, area engineer, 
project engineer or foreman, and construction tech
nician or maintenance worker. The previous assistant 
district engineer and resident engineer or mainte
nance superintendent positions were abolished, elim
inating two levels of authority. 

We operated in this way until the spring of 1983 
with one of the five districts organized into three 
areas and the other four districts still operating 
with both a district engineer and an assistant dis
trict engineer. Observation of the area concept 
with a reduced supervisory staff indicated that 
district was functioning as well as the other four. 
We were encouraging all of the field districts to 
reassign both maintenance workers and construction 
technicians to the greatest degree possible to give 
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them an opportunity to learn each other's trades and 
skills, especially for supplementing each other's 
units as seasonal personnel shortages occurred. 
There was some resistance to this melding together 
of maintenance worker and highway technician assign
mentsi however, an increased awareness of the bene
fit in doing this developed as time passed and more 
multiple work assignment activity was under way. 

Late in 1982 a new secretary took charge of the 
department. His first message was that there would 
be a substanti(!l reorganization. At this same time 
the passage of the 1982 Surface Transportation As
sistance Act seemed inuninent, and thus we were faced 
with an increase in construction, whereas 2 years 
before a decrease had been expected. 

The first 6 months of 1983 were spent in brain
storming and putting together a reorganized depart
ment plan that completely eliminated one of five 
district headquarters. In the new department orga
nization that was implemented on July 1, 1983, the 
field units were organized into four regions with a 
region manager in charge of each. 

All four regions were organized into three areas 
as the experimental district had been in 1980 with 
an area engineer responsible directly to the region 
manager and the project engineers and the mainte
nance foreman responsible directly to the area engi
neers. Closing the district office created a sur
plus of 35 to 40 personnel. All of these people 
were offered opportunities to transfer to other 
parts of the state, but by and large they elected 
not to move. A number of them took early retirement 
and others found different employment. 

In 1972 we had started to eliminate those field 
maintenance units with low mileage. This was based 
on the decision that there was no operational or 
economical benefit in trying to operate maintenance 
crews responsible for fewer than 100 two-lane miles. 
Units were closed as personnel retired and equipment 
wore out. By 1983 14 units remained in the elimina
tion plan. The July 1, 1983, reorganization ad
dressed this plan inunediately. Notice was sent to 
each unit with a limited mileage responsibility that 
it was being closed and its responsibility trans
ferred to neighboring units. This was done with 
some amount of complaint from local communities and 
some objection on the part of the maintenance work
ersi however the closures were accomplished by 
year's end and the surplus property and equipment 
was disposed of. 

The construction engineering stations that were 
not located at the 12 area headquarters were also 
put on a list for elimination. There are 10 of 
these engineering stations, 4 of which will be 
closed by January 1985. The others are scheduled 
for closing as the construction work in their area 
is completed or at least reduced. With the current 
construction program and assuming that increased 
funding will continue, it appears that it will be 
near the end of the decade before these engineering 
stations are closed. 

On July 1, 1984, the department will have a field 
staff of 930 people (down from 1,100 in 1969). This 
includes the four region headquarters and their 
administrative and operations staff, the 12 areas 
with their construction engineering crews, and 75 
maintenance units. The maintenance units are orga
nized into crews of from 5 to 10 people charged with 
the responsibility of looking after from 100 to 200 
two-lane miles of highway. 

With the reduced staff of field personnel and a 
highway system that requires as much if not more 
maintenance attention than when the staff was larger 
and an increasing construction program, the depart
ment found itself in a bind. There were two obvious 
courses of action: (a) some of the maintenance work 
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and the construction inspections could be neglected, 
which is not a viable alternative, or (b) some of 
the work could be done by contract. 

For a number of years now the department has been 
contracting 25 to 30 percent of its maintenance 
needs, and we are going to have to continue at that 
level or higher. Also, agreements are being drawn 
up with consulting engineers to do construction 
inspections. Other tasks that could be done by 
contract include material testing, plant inspection, 
grading inspection, surveying, and it is possible 
that we will hire a consultant to look after an 
entire construction project. 

I had hoped to report a complete reclassification 

and merging of the highway maintenance worker and 
construction technician grades into a new position 
description combining the knowledge, skill, and 
ability required for both job assignments. Although 
this is being done, it has not been completed. As 
previously indicated, work assignments frequently 
cross between maintenance and construction, and I am 
sure that all of the employees understand this to be 
our goal. 

The area organization, with its reduction in 
middle management supervision, is functioning better 
than I anticipated and appears to be enjoying good 
acceptance. 

A Maintenance Management System for Road Markings 

PER SIMONSEN 

The Danish Road Directorate has recently i_ssued 
provisional specifications for marking traffic lanes 
of main roads beginning in 1984. Simultaneously 
re~ommendations on materials for, and maintenance 
of, marking were issued. Specifications and mainte
nance strategy are based exclusively on the func
tional requirements of the markings. It is to be 
expected that the introduction of the recommenda
tions will result in a higher standard of marking 
and thus contribute to increased road safety. 

GENERAL SPECIFICATIONS FOR MATERIALS AND EXECUTION 

Marking performed by contractors is required to meet 
a number of conditions [referred to in Denmark as 
the AAB (1, 2) J befo re delivery and before the expi
ration of the guara ntee period. These fall into 
three general categories: {a) optical properties, 
{b) skid resistance, and (c) durability. The re
quired minimum values are stated in Table 1. 

Optical Proper·ties 

A recently developed reflectoscope (i.e., a small 
box with white opal glass plates) is used for mea
suring optical properties (see Figure 1). The mea
surement is made by comparing the road line with a 
number of filters placed in front of the opal glass 
plate. 

For unlighted roads, the reflection of the roo.d 
marking in the dark, which is indicated by the spe-

FIGURE 1 Reflectoscope with storage box and 
filters. 

cifio luminance (GL), is determined in Lhe lighl of 
the main beams of the headlights of an automobile. 
The reflectoscope is placed behind the road marking 
with the measuring face turned toward the spot of 
observation, which is chosen to be about 50 m in 
front of the reflectoscope at a height of 1.2 to 1.5 
m above the carriageway (see Figure 2). The reflec
tion is determined by comparing the road marking 
with the different reference surfaces. 

For lighted roads and in daylight the reflection 
properties of the carriageway markings are deter-

TABLE 1 Functional Requirements for Road Markings 

Time 

At delivery 
Expiration of guarantee period 

Mean Luminance 
Coefficient, Qo 
(cd/m2 /lx) 

0.16 
0.13 

Specific 
Luminnnce, SL 
{cd/m2 / lx) 

0.16 
0.13 

Skid Maximum 
Resistance Wearing 
(srt) (%of area) 

55 0 
55 30 
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FIGURE 2 Geometrical conditions for observation of reference 
surfaces of a reflectoscope. 

mined in terms of the mean luminance coefficient 
(Qo). This parameter is measured by the other face 
of the reflectoscope. A quantity of light emitted 
via a mirror corresponds to the light intensity by 
which the line is lighted from the surroundings (see 
Figure 3)1 and by assessing which filter corresponds 

E daylight 
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FIGURE 3 Reflectoscope for determining the 
mean luminance coefficient (Qo) and the 
specific lumi1!1111ce (SL). Different grey 
filter densities give clift rent values of 
Qo and SL. 
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to the line, the Qo-value is determined. The use of 
the reflectoscope is illustrated in Figure 4. It 
was developed by a working party set up by the 
Danish Road Directorate along with the firm of Han
sen & Henneberg as consultants in the field of re
flection. It is manufactured by Brilel and Kjaer and 
costs less than U.S. $500. 

Other Requirements 

Skid resistance is measured by a pendulum roughness 
indicator, and wearing is assessed visually. The 
guarantee period depends on the type and material of 
the marking and is given in Table 2. 

TABLE 2 Guarantee Period (years) for Carriageway Marking 

Thermoplast 
Paint and foil 

Painting 

Linear and Arrow 
Markings 

4 
I 

Transverse and Other 
Markings 

2 
o.s 

Lines are often painted by the road authority itself 
and demands of elasticity, durability, and ability 
for storage of the paint are determined by current 
testing methods. 

MAINTENANCE STRATEGY 

The objectives of a maintenance strategy for road 
lines are to reduce costs of construction as well as 
operation at a given standard level. 

Functional Criteria 

The standard level is determined by the criteria of 
remarking as given in Table 3. The general specifi
cations for remarking are also based on functional 
requirements. The main roads are classified in two 
groups: groups A and B. Group B has the greatest 
need for optical guidance for road safety reasons 
and therefore places higher demands on the optical 
properties of the lines. The classification is 

FIGURE 4 Measuring the mean luminance coefficient (Qo). 
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TABLE 3 Criteria of Remarking 

Mean Luminance Specific Maximum 
oerticlcnt, Qo Lumimtnce, SL Wearing 

Group (cd/m2 /lx) (cd/m2 / lx) (%of area) 

A 0.10 0.06 50 
B 0.13 0.10 50 

based on information on road alignments, which is 
stored in the road data bank of the Danish Road 
Directorate. 

Annual M~rking costs 

As in the Danish road standards for pavements, an
nual costs, which are calculated from the capital 
recovery factor, are used as a basis for choosing 
marking materials (i.e., when deciding whether to 
use thermoplast or paint in a given case). At the 
present time the rate of interest used in the capi
tal recovery factor is 7 percent. 

The maintenance strategy is summarized below. 
Then two examples are given for determining which 
marking material is the most economical. 

- General: On unlighted roads, beads are applied; 
on lighted roads, beads are not applied . 
New Marking: Thermoplastic material is applied 
on new wearing courses; marking is carried out 
by contractors, and the AAB applies. 

- Remarking: An assessment of wearing is made in 
both the daylight and dark. Different remark
ing er i ter ia apply for roads in group A and 
group B. The average annual maintenance costs 
are calculated, and the material is chosen. 
The AAB applies. 

Example 1 

Ten thousand square meters are to be remarked; the 
initial price of thermoplastic material and line 
painting is D.kr. 65 per m2 and 15 per m2 , respec
tively. It is assumed that the interest (r) is 7 
percent a year. 

In the first case the renewed marking with ther
moplastic material lasted 4 years. It is expected 
that line painting will last 1 year, and it is as
sumed that the remaining life of the pavement will 
be at least 4 years. A calculation x) of the average 
annual costs (G) gives: 

G for thermoplastic material = D.kr. 191,750 and 
G for line paint = D.kr. 160,500. 

ln this case it would be better from a purely eco
nomic view to renew the marking by line painting. x) 
G is determined as the product of the initial price 
of the marking renewal and the capital recovery 
factor a(n): 

a(n) = [r(l + r)n]/[(l + r)n - 1) 

Transportation Research Record 951 

where n is the expected life of the renewed marking, 
which is assessed on the basis of the experience 
derived from the marking renewal on the section in 
question, and r is the interest. 

A table o f a {nj i::s ~hown below for n between l 
and 10 years and for r equal to 7 percent and 9 
percent per annum. 

r = 7 Eercent r = 9 Eercent 
n(year) il& n!ll'.ear) a (n) 

1 1. 070 1 1.090 
1.5 o. 725 1. 5 o. 742 
2 0.553 2 0 . 568 
3 0.381 3 0.395 
4 0.295 4 0.309 
5 0.244 5 0.257 
6 0.210 6 0.223 
7 0.186 7 0.199 
8 0.167 8 0.181 
9 0.153 9 0.167 

10 0.142 10 0.156 

Example 2 

The conditions are similar to those given in example 
1, except that the renewed marking has lasted 5 
years and the pavement is expected to have a remain
i ng life of 9 years . Because surface renewal of the 
road is to be made within the coming year it is 
expected that the remarking with thermoplastic mate
rial will last 10 years, whereas marking with line 
paint is assumed to last 1.5 years. In this example 

G for thermoplastic material = D.kr. 99,450 and 
G for line paint = D.kr. 108,750. 

Therefore it would be better to renew the marking 
with thermoplastic material. 

It is the intention of the Danish Road Directorate 
to obtain an improved and more uniform standard of 
the carriageway marking on the main roads by issuing 
new provisional recommendations. Increased road 
safety is the expected result. Copies of the recom
mendations are available from the Danish Road Direc
torate on request. 
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Performance Indicators 

PHILIP W. AMOS 

The Pennsylvania Department of Transportation has 
developed three systems for indicating performance 
in the field of maintenance activ i ties. They are 
management objectives reports, county accredita
tions, and quality assurance evaluations. 

Management objectives reports are distributed 
monthly and sununar ized at three levels in the de
partment . The first level , s tatewi de, i s calle d th e 
Blue Book. Each activity is compared by the amount 
expende d or pe rformed l a st ye a r , the a1119unt budgeted 
f or t his year, a nd the amount accomplished o r e x
pende d t o date . This is recor ded on a cumul a t ive 
monthl y basis for o u r fi scal year (J uly l t o J une 
30). Figure 5 s hows e xamples o f ex penditu r es , and 
Figures 5 a nd 6 show e xamples of maintenanc e ac tiv
ities by contract and departmen t f o rces . Fig ur e 7 
sununarizes our truck weight enforcement program. 

The second level of management objectives reports 
is the district management summary (the Green Book), 
This r eport summarizes district activities, includ
ing maintenance, by fiscal year-to-date versus 
p lanned year-to-da te as a percent and fiscal year
to-da te versus las t year-to-date . Figure 8 is an 
example of this summary. 

The third level of management objectives reports 
is the county management s ummary (the Red Book). 
This report provides compa r isons for each major 

151 

maintenance activity between amounts completed in 
the precedi ng year, planned, complete d to date, and 
the pe rce ntages. It also compares county costs with 
statewide average costs. Figure 9 shows examples. 
Another portion of this county report addresses 
county equipment utilization compared with statewide 
averages. Figure 10 shows an example. 

The county accreditation program was developed as 
an indicator of the counties' performance. The 
program includes 'an independent review of field 
operat ions, equipment, personnel , and office opera
tions . Each function is we ighted a l ong with weighted 
items within the function, and an overall accredita
tion rank is established. In this way the county 
maintenance manager knows where improvements are 
needed. An example of the program is shown in Fig
ure 11, 

The maintenance quality assurance evaluation 
s ystems were developed t o e valua t e s t a t istically the 
quality of o u r major maintenance activitie s a nd 
i mp r ove our polic i e s a nd procedures , thereby impr ov
ing t he quality o f ou r p roduct . The sy stem de veloped 
fo r manual patchi ng i s s hown in Figur e s 1 2-14 i t he 
figures show the evaluation form, the rating form, 
and the indicators used for the evaluation, respec
t i vely. An important func t ion of the question and 
ans wer evaluations is the a nalysis, which dete r mines 
needs for basic training of our maintenance forces. 

PfQ!iOtl AESPOll5JBLE: DEl'UTY SECRETARY FOR HIGHWAY ADlllHISTRATIOll 
DA.VlD C. SINS, pf 

1981-84 CIHJLATIVE 
PERIOD: YEAR TD DATE 

JULY AUG SEP DCT HOV DEC JAtl FEB MAR APR MAY Jl.llE ----·--- ----- _ ...... .. -.... ----- ---·-·- ··-----
UtllT l LAST YR LAST YA LAST lR LAST YR LAST YA LAST YA LAS? YA LAST YR LAST YR LAST YA LAST YR LAST YR 

OF 8 BUDGET BUDGET BUOG[T DUDGET BUUGET BUDGET BUDGET BUDGET BWGET BWGET BWGET BWGET 
110 ITEM MEASURE A ACTUAL ACTUAL ACTUAL .ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL AP UAL ACTUAL ACTUAL -- ... -----------·-------· - ... ----- --·-- - -··-- ---- ·-- ------ ----- --·---- ------ ··--· --- ------- ·--- --·--

[)(PEfl>llU?fS ------------
L 25.1 56 .4 81.0 108. 2 136.2 161.] 188·. 7 215.D 247.8 273.2 ]00. 7 ~g~: SALARIES AIKl FAllffiES • B 21. 4 56' 0 80 . l 104. 0 lJO . 9 154 . 6 181.0 209.1 214 . ] 261.] 285.0 

1 oeJ ioo 1 &4 - 86, 87, 891 MILLIOllS A 24 .2 56 . 4 80 . 0 101. 9 110.] 154 . 0 186 . 1 205.6 2]9 . 5 

DPEAAT lllG EXPEllSES L . 6 1.2 2. I 2. 7 2. 7 ] . 2 1.4 ].6 ].9 4.2 4.6 5.0 
HMJ PAOJS B 1. 0 1. 8 2 . 8 ].8 4 . 5 4 . 9 5 . 7 6.2 7 : 5 8 . 9 9.9 ll . 9 

2 IOBJ 101, 3Z7, ,92, 1941 MILLIOllS A . 5 1. 0 1.4 1.8 2 . 2 2 . 5 2 . 8 ].O ] . ] 

L 2 . 9 4 . 4 8 . 6 IZ . 8 15 . 6 19 . 5 21.8 24 . ] 28 . ] n .s 15 . l ]8 . 1 
EllGlllHRIHG COllSULTAHTS ' B l. 9 8 . ] 14. 7 18.2 21.5 24 . 2 26 . ] 27 .6 28 . 7 29 . 4 ll.O ]2 . 4 

] 164 I 85, 66, 67, 691 ttlLLIOH5 A 4.4 7 .6 9 . 8 11.2 16 . 6 19.5 22 .• 0 25. 7 28.8 

t. 9 6 . 1 7 . 1 8 . 9 10 , 5 11.4 12 . 9 14 . 2 15 . 2 16 . 2 16 . 8 18 . , 
AIGllT-OF-WAY l .O 4.5 6 . 2 7 . 7 9 . 4 10 . 9 12. 6 14 . 0 15 .5 17.2 19 . ] 20.8 

4 I APPll 85, 891 HILLIOllS A 1.6 ·z.1 ' 5 . 4 6 . 6 7 . 6 9 . 4 10 . 1 12 .o 14.4 

PAYllEIHS TO COIHRACTORS L JO. 9 66. 2 101.6 I 14 . 6 166 . 9 191.1 201.4 218.5 225 . 8 240 . 6 25] . 0 272 . 2 
COllSTAUCT IOll ' B 22 .2 51. 9 79.4 101.6 127 .4 147 .1 161 . 2 172. 7 162 .4 199 . 9 225 . 7 260.0 

5 '84 , 65 , 891 MILLIOllS A 22 . 9 so . 7 Bb . 5 U8 . 6 116.9 158.1 167 . 7 181.0 192.9 

PAYllEllTS TO COllTRACTORS L 41. l qo . o 134. 6 186 .6 221.8 241. l 252 . 5 260.] 265.4 270 . 6 280 . 9 299. l 
HMJ MA!HHllAllCE B 19 . 5 44 .2 75' 2 100.6 120 . 9 l 36 , ,. 147 . 7 151.4 158. 9 168. 7 182 . I 199 . 7 

6 186. 871 Mllll0t15 A zz.] 't5. 7 7). 0 91.6 112. 7 124 . I ll0.4 114.2 1)6 . 8 

ROAO TUAllllACK GRANTS s 8 
7 I APPH 861 Mllll0t15 A . ] l.] 4.1 6 . 2 

•IllCLUOES REPAYNUIT Of ADV.AUCES Otl UITERSTATE . PROJECTS Ill TllE PITTSBURGH AREA. 

FIGURE 5 Management objectives repart : Examples of statewide (Blue Book) expenditures. 
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JULY AUG SEP OCT NOV DEC JAN FEB MAR 

l 983 -84 CUMULATIVE 
PERIOD: YEAR TO DATE 

APR HAY JUNE 

UNIT LAS T YR LAST YR LAS T YR LAS T YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR 
£; BUDGtT ovu uc 1 DUUGEI OUUGC:T OUOGET HUUGET HulJGET BuUut T tlUUl>t I tJUUl>t I HUUGt I SUOGET 

NO ITEM ME ASUR E A ACTUA L ACTUAL ACTUA L ACTUAL ACTUAL AC TUA L ACTUA L ACTUA L ACTUAL ACTUA L ACTUAL ACTUAL 

EXPEllO I TURES 
ICON' Tl 

HAlllTEllAllCE tlUERIALS 

. l 
l-llllTER t1AillT . HA.TERI.US 0 

8 ( APPll 87) MllllOllS A • \ 

6 . 0 
ROUTillE NAUH MATERIALS (.i . 9 
I.A.PP/I 071 MILUOUS it . 6 

2 .5 
t1Alt lT EQUI P & SUPPLIE S $ 0 2 .6 
I APPN 87l MILLIONS A l. 9 

2.1 
OTllER I ff 5. 0 
{APPN 87, OBJS 300, 400) MILLIONS A J .2 

L 116. 2 
B 87 .5 

l TOTAL EXPENOilUR ES MILLI ONS A 85. 7 

4 OVERTIME 

CONTR AC T LETT I NGS 

5 TOTAL PROJECTS LET 

6 TOTAL PROJECTS LET 

BILLION $ BRIDGE PROG 

NOT DOABLE 
NO WORK STARTED 

8 PROJECTS LET 

TH OUS ANO 

L 
B 

NUtlB ER A 

I B 
MILLIONS A 

NUMBER A 
NUMBER A 
NUrltlt:. I< A 

L 
0 

NUMBER A 

442 

750 

54 
59 
59 

40 .8 
36. 0 
36. 0 

14 
600 
lH'I 

70 

. z 
0 

. 1 

18 . 1 
]J .8 
14 .6 

4. 7 
10.6 

9 . 8 

254 . 2 
196. } 
192.8 

2441 

1488 

M 
ll7 
l37 

56 . 8 
138. 0 
139 . 2 

19 
560 
>!O 

76 

•SOME PROJECTS WERE LET PRIOR TO THE BRIDGE BILL PASSAGE. 
DANtlUAL ELEMENT . 

Al4AROS 

l MAINTENANCE TOTAL 

2 CONSTRUCTION TOTAL 

3 BRIDGE PROGRAM 

4 TOTAL A14AROS 

BRIDGE PREVENTATIVE 
MAINTENANCE 

L 
$ 0 

MILLIONS A 

L 
$ B 

MILLIOllS A 

L 
I B 

MILLIONS A 

I B 
MILLIONS A 

( 711-414, 415, 416, 417 J SITES 
B 
A 

SWUACE lMPROV PROOUCTIOl'I 

6 JR CotlTRACT 

CONCRETE PATCHING 
7 I CONTRACT l 

SURFACE TREATMENT 
I CONTRACT J 

HILES 

f1ILES 

MILES 

L 
ll 
A 

L 
B 

" 

45. 9 
15 . 6 
15.6 

10 . l 
B. b 
15. 7 

4 . J 
.o 

56. 0 
35 .5 
31. 3 

47 
1314 
2303 

29 
21 
22 

ll 
3 
l 

330 
Bl 
56 

65 . 9 
34. 7 
34. 7 

27 . 9 
Jct. 7 
24 . 8 

a.3 
. J 

9 3 . 8 
77 . 7 
59 . 8 

389 
25 98 
2932 

91 
63 
81 

15 

968 
711 
342 

. '2 
0 

. I 

'U , 6 
21.6 
23.5 

7 . 3 
7 . 8 
6 , 5 

9. 4 
14. 9 
19. 7 

380.) 
302. 7 
305.? 

J 6~0 

2409 

131 
239 
239 

107 . 6 
236 .1 
237 , 3 

25 
~3 

>2! 

95 

77 . 8 
93 . 3 
93 . 3 

36 . 5 
12 ~ .4 

142.4 

19 . 0 
4 . 7 

114.3 
235. 7 
240 . 4 

942 
3626 
3241 

l 78 
121 

84 

16 

1740 
953 
731 

• • 9 
I. 0 

, 4 

34. l 
28 . 5 
32 . 0 

? , 5 
10 .4 

8 . 7 

13 .6 
19 . 4 
24 .5 

512. 5 
397 . 4 
401. S 

4493 

3119 

1~6 
26 1 
26 1 

l3l.5 
254 .6 
254 .6 

27 
501 ,,. 

99 

63 . 2 
99 . 2 
99 . 2 

U . J 
H4.3 
144. 2 

20. l 
9.4 

144 . 5 
243 .6 
Z52 . 8 

1254 
4705 
3669 

588 
392 
314 

129 
28 

2480 
1072 

997 

6 . 8 
s.o 
z.1 

38.4 
33 . 7 
37.8 

12.4 
13.0 
10. 8 

17. 0 
25. 3 
21 .8 

630 . 3 
4 91.6 
484 . 8 

5181 

3791 

184 
329 
Hl 

9 . 1 
~ . o 

5.4 

15 . .1 
1 5 . 6 
13 . ~ 

20 .S 
30 I 7 
32 . 6 

716. 7 
5 6 9 .8 
560. 9 

6107 

4996 

226 
403 
404 

II . I 
ll . 0 

7 . } 

44 , 0 
39 . 6 
4J. 9 

17 . 9 
18 . 2 
16 . 0 

23 .8 
36 . 5 
36 . 7 

779.S 
6:59 . 8 
6 24. 3 

7318 

7248 

263 
46 7 
445 

138 .5 154.4 166 . 6 
304. 9 405.2 584 . 7 
293 . 1.i 378.8 4:55.8 

28 
472 
HO 

126 

90 . l 
120 . 0 
105 . 7 

81. ? 
186 .a 
144 . l 

171.l 
335 . 0 
262 . l 

1488 
5348 
3928 

588 
392 
314 

129 
28 

7 

2480 
1072 

997 

Jl 
448 
308 

163 

95. 9 
129. 0 
108. J 

96 . 2 
224 . 9 
157. 7 

33. l 
16. 0 

192.l 
387 .0 
282 - 0 

1548 
5556 
4111 

588 
392 
Jl4 

129 
28 

7 

2480 
1072 

997 

36 
400 
341 

164 

110. 2 
132. 0 
123 . 2 

100 .s 
293.3 
l 71.1 

46. 7 
28.5 

210 . 7 
472 . o 
J22 . 8 

1698 
5688 
4150 

588 
392 
314 

129 
28 

7 

2480 
1072 

997 

•TUE LAST YEAR BRIDGE PREVENTATIVE tfAINTENANCE FIGURE WAS REPORTED UflDER OfJE COST FUNCTION. 
THE DUOGET ANO THE ACTUAL llAVE BEEN REDEFIHEO THIS YEAR UHOER FOUR SEPARATE ACTIVITIES. 

FIGURE 5 (continued) 
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JULY AUG SEP OCT NOV DEC JAN FEB HAR 

l 983-84 CUtlULATIVE 
PERIOD: YEAR TO DAlE 

APR HAY JUNE 

UNIT LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR 
OF B BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUOGET BUDGET 

HO ITEM MEASURE A ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 

SURFACE TREATMENT 
I OEPARTtlENT FOP.CES I 

SURFACE UIPROV PROO 
2 TOTAL 

MUNICIPAL CONTRACTS 

3 POTHOLE PATCHING 

MILES 

MILES 

L 
ll 
A 

B 
NUMBER A 

B 
4 COMPREHENSIVE MAINTENANCE NUMBER A 

ROUTINE tlAINTEtlANCE 

SHOULDERS CUT 
5 1711-215 I 

PIPE & CULVERT REPAinEO/ 
REPLACEO/INST ALLED 
I 711-324 I 

HILES 

L 
B 
A 

l 
FEET 0 
THOUSAND A 

TOllS B 
7 MANUAL PATCHING 1711-121 I THOUSAND A 

L 
GALLONS B 

8 CRACK SEALING 1711-128 I THOUSAND A 

L 
GALLONS B 

l JOINT SEALING I 711-1471 THOUSAND A 

560 
457 
449 

930 
562 
528 

2638 
2335 
2672 

30 
32 
29 

34 
22 
23 

23 
31 
36 

8 
17 

9 

10619 
B 8776 

LINE PAINTING MILES A 8655 

WINTER TRAFFIC SERVICES 

WINTER STORM OCCURRENCES NUMBER 

SNOW & ICE COIHROL 
4 I 712-521 & 5Z2 I 

S SALT INVENTORY 

6 SALT USAGE 

7 SALT USAGE 

8 ANTI-SKID USAGE 

9 ANTI-SKID USAGE 

1 EQUIPtlENT LEASED 

2 EQUIPMENT LEASEO 

3 EQUIPtlENT OOT 

EQUIPtlENT DOT 

MUNICIPAL SNOW REMOVAL 
5 AGREEMENTS 

EQUIPMENT I PIECES I 
DELIVERED TO THE FIELD 

MILES 
THOUSAND 

L 
TONS B 
THOUSAND A 

L 
TONS B 
THOUSAND A 

L 
~ B 

THOUSAND A 

L 
TONS B 
THOUSAND A 

L 
$ B 

THOUSAND A 

L 
HOURS B 
THOUSAND A 

L 

' B 
THOUSAND A 

L 
HOURS B 
THOUSAND A 

L 
S B 

THOUSAND A 

L 
B 

NUMBER A 

B 
HUt16ER A 

32 
106 
106 

19 
19 
Z7 

230 
235 
250 

1648 
1409 
1321 

2722 
2187 
1746 

4 
14 

S639 
5148 
5992 

62 
67 
69 

66 
42 
43 

S8 
89 
93 

33 
24 
18 

22128 
19729 
21137 

30 
106 
106 

2J 

18 

32 

339 
279 
386 

2011 
1661 
1530 

3945 
2740 
2348 

6 
16 

8311 
8429 
9067 

91 
105 
105 

90 
S9 
63 

96 
184 
148 

61 
65 
52 

33968 
30472 
36884 

53 
106 
106 

25 

20 

88 

44 

S27 
S27 
266 

358 
285 
SS4 

2021 
1661 
1S92 

S218 
3153 
2?10 

6 
6 
s 

7 
7 

l6 

11001 
11129 
11194 

116 
148 
149 

110 
73 
74 

186 
337 
265 

129 
161 
112 

44414 
39894 
SOZ12 

161 
180 
179 

13 
0 
0 

27 

23 

17 

14 

220 

176 

668 
668 
634 

36S 
305 
630 

2021 
1661 
1592 

5218 
3153 
2910 

9 
16 

12245 
11806 
12009 

133 
165 
171 

119 
81 
84 

269 
440 
346 

181 
230 
155 

49699 
4S761 
57619 

19 

59 

111 

220 

275 
275 
249 

46 
10 

94 
1242 

235 

11 
120 

38 

64 
720 
235 

38 

28 

52 

78 

648 

856 

736 
736 
708 

414 
355 
814 

2021 
1661 
1592 

S218 
3153 
2910 

9 
9 
5 

9 
16 

12779 
11881 
12291 

147 
170 
182 

129 
88 
89 

321 
459 
362 

229 
241 
183 

Sl904 
47070 
60304 

193 

299 

965 

2065 

236 
235 
175 

60 
139 
112 

1508 
3753 
2792 

171 
360 
317 

1032 
2160 
1876 

98 

83 

236 

302 

2021 
1661 
1592 

S218 
3153 
2910 

11 
11 

5 

ll 
11 
16 

13000 
11895 
12296 

157 
171 
183 

137 
93 
94 

371 
468 
387 

253 
248 
186 

52100 
47070 
60314 

407 

460 

2485 

4972 

189 
200 

96 

138 
3ZS 
310 

3551 
8775 
7942 

411 
840 
803 

2474 
5040 
4630 

19 

30 

762 

1229 

768 

1264 

2021 
1661 
1592 

5218 
3153 
2910 

12 
12 

5 

13 
13 
18 

13077 
11920 
12351 

169 
173 
189 

147 
101 
115 

398 
477 
425 

263 
254 
201 

52111 
47070 
60314 

703 

64S 

4001 

6087 

130 
100 
101 

216 
441 
375 

5600 
11907 

9506 

607 
1140 

970 

3676 
6840 
5579 

34 

68 

1321 

2837 

1422 

1942 

2021 
1661 
1S92 

5218 
3153 
2910 

12 
12 

5 

15 
15 
22 

13736 
12356 
12446 

210 
194 
203 

168 
123 
132 

450 
520 
452 

288 
283 
220 

5Z36l 
47872 
60363 

806 

884 

4290 

8221 

114 
100 

31 

232 
465 
473 

5989 
l2S55 
12024 

659 
1200 
1203 

4007 
7200 
6931 

61 

89 

2435 

3725 

1S51 

2500 

2021 
1661 

5218 
3153 

12 
12 

18 
18 

14908 
13644 

250 
232 

188 
152 

490 
583 

310 
313 

S5758 
S42ll 

828 

4504 

106 
so 

2055 
1731 

5267 
3422 

12 
12 

21 
~l 

17223 
16137 

285 
269 

209 
17S 

S32 
632 

341 
333 

61035 
62686 

828 

4504 

105 
so 

239 242 
465 465 

6167 6420 
12555 12555 

6 71 671 
1200 1200 

4067 
7200 

63 

2510 

1700 

4067 
7200 

66 

2637 

1762 

2225 
1775 

5586 
3705 

12 
12 

24 
24 

20239 
18688 

312 
30Z 

233 
198 

S67 
652 

396 
347 

65083 
72878 

828 

4504 

106 
so 

24Z 
465 

6420 
12555 

671 
1200, 

4067 
7200 

66 

2645 

1764 

25SO 7643 14099 15407 16902 17~78 17601 

3013 12334 19029 24379 

747 
747 
755 

445 
495 
960 

749 
749 
766 

695 
1077 
1077 

752 
7S2 
767 

70S 
1192 
1191 

753 
753 
769 

751 
1212 
1276 

754 
754 

782 
1272 

754 
754 

917 
1332 

754 
754 

976 
1362 

FIGURE 6 Management objectives report: Examples of statewide (Blue Book) maintenance activities. 
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NO ITEM 

WI NTE R TR AFFIC SERVICES 
ICON'Tl 

AUTOS, TRUCKS ANO 
ROAD EQUIPMENT 
REtlOVEO FROM INVENTORY 

TRUCK WEIGHT PROGRAM 

B WEIGHED 

FIGURE 6 (continued) 

HO ITEM 

TRUCK WEIGHT PROGRAM 

IN VIOLATION 

2 FACE VALUE OF FINES 

l COLLECTIONS 

JULY AUG SEP OCT NOV DEC JAN FEB MAR 

l 983-84 CUMULATIVE 
PERIOD: YEAR TO DATE 

APR MAY JUNE 

UNIT 
OF 

MEASURE 

t LA ST YR l_tr.t;T y n LAST YR LAST Yr. LA~T 'rn LAST '(K tp,57 YR LA~ I TH LAST YR LAST YR LAST YR LAST YR 
B 8UOGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET 
A ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 

L 
B 

NUMBER A 

L 
NUMBER B 
THOUSAND A 

114 

117 

32.8 
34.5 
31.2 

JULY 

380 5 01 565 740 8 93 948 

426 550 6 65 722 799 904 

68.0 102 .2 138 . 0 164. 6 195 . l 223.l 239.l 
71.7 107, 7 145.4 173 . 6 205 . 7 235.2 265.6 
72. . S 10 7 .e 146. 4 172.3 196. 9 ~2:3.b 255.5 

AUG SEP OCT NOV DEC JAN FEB 

1039 1106 1225 1370 

1070 

280.9 115 . 7 347 .~ 390.6 
296. l 332. 8 366 . 4 400 .o 
280 .6 

MAR 

1983-84 CUMULATIVE 
PERIOD: YEAR TO DATE 

APR MAY JUNE 

UNIT L LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR LAST YR 
OF B BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUDGET BUOGET BUDGET 

MEASURE A ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 

B 
NUMBER A 

525 
516 
451 

1071 
1073 

974 

l54B 
161J 
1439 

2047 
2179 
1836 

2421 
2601 
2222 

2827 
3083 
2593 

3274 
35~!i 

2965 

3585 
398E 
3486 

4213 
4439 
3971 

4706 
q990 

5662 
6000 

331 . 5 734 . l 1072.9 1386.7 1695.2 1967.7 2317.3 2492.2 2896.4 3192.0 3476 . 2 3886.0 
S B J4J . l 113 , 5 1072.6 1449.0 1729.6 2050.2 Z.344.l 2648.0 2951.9 3318.3 3652.8 3990.0 

THOUSAUO A 274 , 6 681.6 1046.8 ll21.9 1547.6 1783 . 6 2024.7 2412.6 2692.6 

L 221.0 405.2 614.2 747.2 931.4 1088.9 1196.4 1279.3 1390.6 1463.3 1463.3 1604.4 
~ B 

THOUSAND A 47.5 136.6 236.9 296 . 5 335.2 423.4 426.4 612.8 810.4 

L 18106 21900 
OESIGN AflO COSTRUCTION B 

6 
6 

138 

559 
559 

2477 

2226 
2000 
2693 

2798 
3500 
3733 

7826 
4 900 
9685 

7920 
6500 

10085 

9864 
7900 

12909 

14651 
9500 

13586 
10700 12300 

23839 
13500 

27817 
15500 

4 VALUE ENGINEERING SAVINGS THOUSAND A 

Vt"t.MAIJUN::> HEVlEW 

S TRAINED OBSERVER 

L 
MILES B 
OBSERVED A 

1398 
728 
728 

2605 
1403 
1439 

3535 
2258 
2286 

4814 
3113 
3142 

5813 
3991 
3981 

6262 
4363 
4364 

6308 
4 388 
4364 

6333 
4413 
4364 

1S207 

6683 
4438 
4653 

7418 
5248 

FIGURE 7 Management objectives report: Example of summary statewide truck weight enforcement program. 

Dl5rRICT ~tANf\r.t::tENT SUWIARY 
AS OF' llllrcf1 JI 1984 

8195 
6058 

9248 
6868 

Total 

~~~~~~O~l~ST~R~l~CT~S~:~~~~~~~-)'--~~-=-~~~'"-~~-'-~~---''--~~-=-~~~'"-~~-"-~~~~10::_~~~1 ~1 ~~--'1 ~2~~~(~A~ll~D~l~•t~r~l~c~t s~):_... 

(34) Cumulntlve l\rld~(es Inspected 
(F"tsci\l Year "to flat e )/Total 
11ri.tr.e~ ln Olstrlct 

(J 5) Traffic Line lit les Painted 
r.nlendar Year 19Ail to Orite 
vs. 190t. Calenrlar Ye.1r Plan 

(36) Ron<l flt les Un<lcr Ron<l/Total 
titles ln lllstdct 

(.37) Road tu le~ Weight Restricted/ 
Total Miles in District 

(38) Shoulder Cuttlng flsc..ll 'feoH 
to Date vs. Planned Year to 
Date (As a Percent) 

(38a ) Shou l de r Cu tti ng Fi scal Vear 
to Dat e vs. Ln s t Ye Ar f'i i;c a l 
'f e ar t o Dat e (Hile s) 

(J9) Pipe Rerlacement Fiscal Year
ta Date vs. Planned 'Year to 
na te (As a Percent) 

1094 
24J'i 

950 
TITI 

93 

1320 
Tl;08 

111 

•Distdct 1-0 ha.s 104 Type J aRreements. 
-.•Dietdct 2-0 has 60 Type 3 a~reements. 

*"'•Di!iitdct 10-0 hae lSJ Type 3 agreC?ments. 
""'"'*Di&trlct 12-0 has 32 Type J agreements. 

713 
TITI 

1189 
289' 

799 59 
19S3' sorr 

962 
Tm 

82 

1569 
TOiIT 

107 

807 
TITI 

I 
mT 

13 
1ffi 

109 

1105 
Tii6S 

130 

798 
lli6 

0 
AriITTi 

104 

1105 
Jf75 

129 

-1 -

1475 1330 
2IB 1506 

21 0 
TuTI 'Sm 

96 122 

1048 
2426 

174 
39W 

690 
1959 

78 

1126 
TOOJ 

1165 1332 
Tm' TIOT 

87 106 98 

950 
IBO) 

990 
T6IT 

201 l 187 
3646 t9l8 

104 \07 

1186 
Tm 

102 

516 
m 

117 

FIGURE 8 Management objectives report: Example of district management summary (Green Book). 

0 
D% 

858 
1914 

82 

1060 
1995 

85 

11362 
~ 

59 
8JT11 

1617 
44ITf 

5612 
um 

JOO 

12446 
Tin6 

104 



IDITH lt.l.RCH, 1984 
ACTlVlTY/WllTS 

711-121 ROADS-PAVED 
TONS PAT~:llNG 

ltAllUAL 

STATE AVG 176.44 

l'RIDA YTD ACTUAL 
TOTAL AIHJAL PLAH 
YTD PLAH 
YTD ACTUAL 
X YTD PLAN CDltPLETE 
X TTL PUii COltPLfTE 
X NORK 8 Y CDllTRAC T 
DEPT t COST/UlllJ 

CoutlTY ttAllGEHEllT SUlllAAY 
RED80QI( 

ACTIVITY PAOOUCllClll/C05T REPORT 
TOTAL 12-1 12-2 12-l 12-4 

27252 
2H98 
1~~10 

l 751l 
110 

74" 

157 . 92 

3161 
3516 
2141 
2131 

99 
60 

179. 26 

2448 
2256 
1491 
1879 

126 
8) 

154 . )4 

7201 
9267 
6267 
7l26 

116 
79 

16l.65 

12-5 

14442 
8159 
6009 
6177-

102 
7l 

144. 91 

PAGE 

12-6 12-7 12-8 12-9 

••••••••111••111•• I I 111•1 I •••1•••• ••ill111I1111• 1111 •11• ll••ll I• 1111111111•11II••11••111111111011111111111111111Illllltllllllltll1111I11111111111111111111 lllllllWlflllll•llJ1J11•111111• 

711-122 ROADS-PAVED PRIOR YTD ACTUAL 15012 1916 6785 6111 
TOllS PATCHlllG TOlAL AlllUAL PLAll ll926 SlOl lSl1 6714 600 

ltECHANJZED YTD PLAll lll79 SlOI 1164 6714 400 
YTD ACTUAL llrlO S077 1182 6S22 429 
X YTD PLAll COltPlE TE 98 99 101 97 107 
X TTL PLAN COltPlE IE 94 99 78 97 71 
X WoRK BY COllTA ACT 

STATE AVG 48.42 DEPT t COST IUlllT 49.00 45.16 5S . l3 49.6S 67.13 
II I II Ill II 1111IIIllIII111111II.1111 HI I I I Ill II I 111IUtIt111llII11111IUl1111•1111•11I•III111Ill11111 II Iii •I I lflfl Ill 11111111•I0111I•I111II1111111111 .... I11111111111111111111111111111•11•11•11 

711-124 ROADS-PAVED PAIDA YTD ACTUAL 2410847 579601 401Sl6 559828 889900 
GALS SUIF TREAr TOT AL AIHJAL PUN 469159 46157 119417 30l365 

LIQ BIT YTD PUN 45S451 46357 119417 289657 
YTD ACTUAL 504260 46Sl7 112363 342160 3000 
X YTD PLAN COllPLETE 110 100 94 118 
X TTL PLAll COllPLETE 107 100 94 112 
X MORK BY CONTRACT 52 100 100 30 

STATE AVG l. 24 DEPT t COST/UNIT l. l7 l.17 0.6l 

••••••••••••••• 1111111111111111111111••··············-··. 11111111111 ••••• •••1111111111111111111111111111 ·········••••11•11 ••······· ••••••••••••••••••••••••••••••••••••• 
711-127 ROADS-PAVED PRIDll YTD ACTUAL 448122 80968 S9060 164884 143210 
GALS SKiii PATCH IO'TAL AlllUAl PLAll 1187646 27SI 00 210050 2571Sl 44Sl4] 

LIQ BIT YTD PUN 746646 l4Sl00 1210SO 19715] 28S34 3 
YTD ACTUAL 851365 145631 139744 198147 167843 
X YTO PlAll CDllPLETE 11 l 100 llS 100 128 
X TTL PLAN COllPLE TE 71 52 66 77 62 

STATE AVG 2. 04 "EPT t COST/UllIT l.50 l.47 l.81 l.46 l.41 
····························································································································•11•11•••• 

711-128 ROADS-PAVED PRIOR YTD ACTUAL 56546 14869 ~2215 17101 4361 
GALS CRACK SEAL TOIAL AlllUAl PLAll 92891 21 lll 5900 31800 l3860 

an SUIF YTO PLAN 57291 12731 J'llDO 19800 20860 
YTD ACTUAL 6)012 10314 5621 21913 21164 
x no PLAN COllPLETE 106 81 144 110 111 
X TTL PLAN COttPLETE 65 48 95 68 68 
X MOAK BY COllTAACT 

STATE AVG 6.67 DEPT t COST/UNIT 4. 91 5.50 6.45 3.63 S.49 

ltOllTH 11AACH, 1984 AlN>ATE 04/09/84 PAGE 

ACTIVITY /l.'llTS TOTAL 12-1 12-2 12-l 12-4 12-5 12-6 12-7 12-8 12-9 

711-lll ROADS-PAVED PRIOR YTD ACTUAL 177246 27977 12721 55717 80829 
TOllS SCRATCH COAT TOTAL AIQIUAL PLAll 70438 6174 19022 23338 19704 

TOll/PVR/f JH YTO PLAll 676)8 8374 19022 2]l36 16904 
YTO AClUAl 70771 8767 19152 2l42l l'll4Jl 
X YTO PLAN COltPLE TE 104 104 100 JOO 114 
X TTL PLAN COl1PLETE 100 104 100 100 98 
~ MORK BY COllTAACT S7 100 100 Sl 

llATE AVG ]]. 9] DEPT t COST.•lA11T '-5.60 28. 37 40.61 
•••••••11•••• II•••• .................. 11 •••••••II•• ............... •••• 11 •II•• ......................... 111 ••••,.··························••Iii•••······ 

711-147 AOA05-CotlC 
GALS JOlHT SE AL 

STATE AVG 8.40 

PRIOR YTO ACTUAL 
TDlAL A101UAL PLAll 
YTD PLAll 
YTD ACTUAL 
x no PLAll COltPLETE 
X TTL PLAll COltPLETE 
X MORK BY CDllTAACT 
DEPT t CDST/UHIT 

14386 
423b'll 
26619 
27020 

101 
63 

5. 9l 

S6S 5362 8419 
4450 1500 16850 19569 
2650 1500 9800 12669 
144S 691 11560 ll324 

54 46 117 IOS 
32 46 68 68 

7. 30 10.48 4. 95 6 .40 
II 111111•III111111•I•1111111111111IIlllUI11•1111 •111•Ill•IIIIIll1111111• • • 111lltl•11111111IllIllIIIIIIllltl11111111111•lltl11111111ItIt11111111111If1111111111111111If11111111111111111111111111111 ti If lffll II II Ill II II Ill 11•11111111111111IfIIII•llJllll1111111111111111 lt•fll 

7ll-Zl2 SllOULOEAS PRIOR YTO ACTUAL 494 77 129 85 
HILES UllPAVEO TOTAL AlllUAL PLAN 1134 7S 555 504 

GAAOlllG YTO PUii 819 SS 37S 389 
YTO ACTUAL 968 60 456 450 
X YTO PLAll COllPLETE 118 109 122 115 
X TTL PLAN COtlPLETE as 80 82 89 

STATE AVG 397. S6 DEPT t COST/UlllT 405 .64 266 . 30 319.69 509. 03 
11•111II1111••••11IIllelllllti .. 11tl•illlIiiII1111•1111111111•11111 ••II• tllt t1tllll lo II II• "1••1111 ••II I II• jlllf• Ill•• ti•••• II lllllllllfe• ••••• • • ~tllllf •1111IIti111\lfll II II ltll II •11111111111•11II111111 II• •• II II llll•tt•llll II •11111 

711-215 SHOULDERS PRIOR YTO ACTUAl 19'115 S67 426 422 580 
nJLES UllPAVEO TOTAL Al l lUAL PLAll 2294 649 406 677 560 

CUTTING YTD PUl1 1298 421 2118 467 160 
YTO ACTUAL 1060 325 IS4 487 94 
X YTO PLAll CD11PLETE 81 7b b2 104 56 
X TTL PLAN COllPLETE 46 50 l7 71 16 

STATE AVG 622. 31 DEPT t CDSl/Ul11T 568. 98 524. 'llZ S9l. 62 640. 24 S40 .62 
llllllllllllllll llll llfllll••ll•llllllll llllll llll•lfllllll • 11•1111111111 •1tt1llllflllflllll1111 •1111111111111111•11 lltl ti •t11111t1II111111111 lllf •111111111111111UI111111• 111 II• II Ill lfllllllll llllllllllllltll•ltlll II• llllllllllltltllllllllllJllllllll• 

7ll-ll2 DRAIN PRIOR YTD ACTUAL 564944 13426 3 89504 lb27SO 178427 
FEET CLEAll DITCH TOTAL AlllUAL PLAN Sb8S65 l'lll360 104)00 l91Sl0 8139S 

DRAIN CHAN YTD PUN 161665 1Sll60 70400 148510 ll39S 
~ "TD ACTUA.L 412882 126163 77644 l7S770 5ll05 

X YTD PUN COtlPLETE Ill 83 llO 118 467 
X TTL PLAN COllPLETE 7b 65 74 91 6S 

STATE AVG 0 . 99 OEPI t COST/U111T 0. 73 0.61 0.61 0 .84 0. 79 
••1111•1111111•11111111111111111 llllllllkllf llltltlllltllklllll• 11•111111• 1111111111•1111111111111 Ulll lllll 1111Ill11111IllIll11ti•11111111 •1111111111111Ullltltll llllt1IIUlllt4ti111111111111111• 1111 ltlltllllltllll lflllklllll Utlllllllllllllllllllllllll•lllllll 

711-324 REPLACE PIPES PRIOR YTD ACTUAL 19460 12289 12939 820S 6027 
fEET PIPES lOTAL AlllJAL PlAN 5lQ58 11668 12511 15110 12529 

CULVERTS YTO PUN l75't6 8178 92ll, 10910 9<29 
YTD ACTUAL 32179 629Z 8323 10206 nsa 

-x YTD PLAN COllPLETE 65 76 90 93 79 
X TTL PLAN CDllPLETE 62 53 66 67 58 

STATE AVG ll.00 DEPT t C05TIUllJT 30. 77 31. 31 29 . 41 27 .40 16. 52 

FIGURE9 Management objectives report: Example of county management summary (Red Book). 
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l10HTHL Y AVG/IMIT /USE 

DISTRICT UTILIZATIOll HOUllS/UNIT ST AVG 121 122 124 125 
12 TRUCKS, DUMP 141.5 126.5 99.l 115. l 120.7 

PAVEllS 1. 3 4.0 ... 0 . 0 0.0 
ROLLERS, O-i5 IUrt:t 3. 7 o . ~ 4.9 2 . 1 0.2 
SPllEADERS,CHIP 1.2 0 . 0 o.o 0 . 0 ••• 
EXCAVATORS 60 . 6 88 . 5 53 . 5 85.2 60.7 
GRADERS 45.l 41 . 6 17 . 5 38 . l 29.0 
LOADERS 91.6 77.2 63.2 76. l 105.l 
TRACTORS,BAC:KHOE 51. l 34 . 6 26 . 2 36. l 45.5 
tOMPRf SSORS 33.7 30. 7 17 . l 74. 2 42 . l 
AlltEY LOADERS 3.0 66 . 5 o.o 0 . 0 0 . 0 
11AillTAillERS 3 . 8 ••• 14 . 5 32 .6 ••• 
ROLLERS, 0-6 TOllS 39.l 34. l 28 . 6 71.5 57.7 

YEAR-TO-DATE 

TRUCKS ,OOl1P 1002.5 0'17 . !i O!i6.0 967 . 8 10~6 .1 
PAVE RS 239 . 6 264.4 20 . 5 411.4 478.5 
ROLLERS, 8-15 TONS 2n . 5 169.5 179 . 6 212 . l 119.3 
SPREADERS,C:llIP 245.9 176.0 151 . 5 475.2 ••• 
EXCAVATORS 712.5 850.0 692.5 785.7 Y30.l 
GRADERS 434.2 161. 7 279.4 459 . 7 488.l 
LOADERS 618. 7 431. 3 383 . 9 590 . 9 782.8 
TRACTORS,BACKHOE 494 . 5 444 . 2 472.0 637 . l 504.4 
tOl1PRESSORS 298.7 196 . 0 111 . 2 435.2 364.9 
ATHEY LOADERS 308.6 631.0 349.5 394. 3 307.5 
HAINTAillERS 146.4 324.5 125 . 8 261.8 ••• 
ROLLERS, 0-6 TOllS 368.2 361.8 302 . 8 474. 7 431. 3 

••• - HO EQUIPHEHT OF THIS TYPE IH COUllTY FLEET 

FIGURE 10 Management objectives report: Example of key equipment 
utilization report from county management summary (Red Book). 

l. .FIEm OPERATIONS 

l. C/\Tfm!\X: f'1EU) QPFJ!J\TlO!Sl 

A. @l?!xx:tS iJCriyirmS 

2. 

·Redbook 
Q/A review 
In.spec. Rpts. 
M-681 vs. M-650 
Field Safety 

!WIPMENl' 

P.M.'s 
Utilizatioo 
Garage Safety 
Fq. W::>rk Order 
Fleet Accidents 
Repair vs. utiliz. 

standard: Percent of activities within 80-120'.\ plan adherence 

Score: 0 = 0-49X 
l = 50-59X 
2 = 60-69X 
3 = 70- 79t 
4 = 80-89• 
5 2 90-lOOX 

B. W/Jl.,ID ASWl!NjCE 

StandarQ: AveraQe score received for minilTll.ITl of :1 Q/A rPViPW., 
conducteq durirg the fiscal }"...:ar on redbcx:>k activities, 

Score: O s. less than 1 
1 ... qreater than or = 1 
2 m1 greater than or = 2 
3 =- greater than or = 3 
4 • greater than or = 4 
5 3 5 

C. M!l!ITTRWrt fl!WJCl'lql INSl'@ON R!-;pgmj 

Standard: Nurrbe.r of inspect.10'\ reports prepared during April 
thrOUQh October 31 by the CXlUNI"i Ml\Nl>GER. 

score: O = less than 10 
l = 11-14 
2 = 15-19 
3 = 20-24 
4 = 20-34 
5 = 35 

(mini.nun of one per forem:m) 
(mininun of one per foreman) 
(minirnun of one per forem:m) 

50~ 

10% 
1011: 
10% 
10% 
10% 

30% 

10% 
411: 
4% 
4% 
411: 
411: 

Standard: Form M-681 or (upprov¢d) equ1 valent corresponds to six 
activities scheduled on Form M-6SO orfo,j:l)toved) equivalent. 
Select five ~les of each of tte Collc:Minq: pipe 
replacerent, slx:>ulder cuttirq, skin patching, seal coat, 
joint sealing' and rrechanized patching. 

FIGURE 11 Example of county accredition program. 

3. PERS)NNEL 1011: 

4. 

Sick Leave 
HmlS Trai~ 
Disabling Injury 
MOO Use 

OFFICE OPERATI~ 1011: 

Inventory Cattrol 211: 
cash Advancement 211: 
Material Usage 0 
Rrms Error Rate 211: 

Score: 0 = less than 15,rratches 
l = 15-17 
2 = 18-20 
3 = 21-23 
4 = 24-26 
5 = 27-30 

E. FIElD SAFEIY 

Starrlarch Safety CO<Fliance determined throu;ih visual L"1Bpect1on 
in follCMin::J five areas: proper signirq, protective 
equiprent, tailgate safety talks, certified operators, 
backing alarms. 

Score: o = total ncn-crnpliance 
l = carpliance achieved in 1 ot ~ areas 
2= " "in2of5areas 
3 = in 3 of '5 ar~ 
4= in4of5areas 
S= in5of5areas 

Standard: Nunber of pieces of equiprent out of 20 (ten Hl's, ten 
H2 's) randanly selected pieces that had PM performed 
within five days of the scteduled date. 

Score: 0 = unintelligible records 
l = 11 or less 
2 = 12-13 
3 = 14-16 
4 = 17-18 
5 ~ 19-20 

8. WJIH-IEl-'T lfl'IL!Ui'!'IQN 

Standard: Extract equiprent usage fran fM.IS files for trucks, 
rollers, graders, excavators, backhoes, loaders and 
cmpressors and carpute t~ percentage of pieces which 
"""t .tha Distriet/00<>'.lty reCOlnEI!ded utiliuticn goals. 
(<:qWp. tt&!St be in th> Dept. fleet min. 1 year) 



Score : 0 = 0-49% 
l = 50-59% 
2 = 60- 69% 
3 = 70- 79% 
4 = 80-89% ' 
5 = 90-100% 

C. GARAGE SAFCTY 

Standard: C(JTpilance. det'ltllllned tw.AlQh vlswtl 1nspect1on 1n tho 
follcw!ng ar:eas: irateriol handling. ventilation, protec
uve equlP""flt, "'°rkirq concil. tlons and fire l••.>•.ards . 

Score: 0 = total non-a:rrplianc::e 
1 = catipliance achieved in 1 of ~ areas 
2= in2ofSareas 
3= i n 3ofSareas 
4 = in 4 of S areas 
5= inSofSareas 

D. flllIPt!Wl' W'bII\ tQ!K Cl\!1IB 

~: Totol points oCCIJl'llla ted for 20 randal\ly =lected 
equiprent wc<k orders (,,....,., 20 llSed for ~ ched<) 
oarple ted within oriQ!ml estin\lted tine frat;<i. 

SCDRE: 0 = 0-49• (sub) points 
l = 50-59% 
2 = 60- 69% 
3 = 70-79• 
4 = 80-89% 
5 = 90-!00• 

5 = ( + or -) I hour of est. 
4 = ( +or -) 1-1/2 hr. of est. 
3 = ( +or -) 2 hr. of es t . 
2 = l +or -) 2-1/2 hr. of est . 
1 = ( +or -) 3 hr . of es t. 

E. fUl:!' ;a;mpir R/\TE 

Staooard: Must rreet established Departrrent goal (4 . 0) for 
p reventable accidents. 

Score: O = 8.00 or rrore 
1 = 7 . 00-7 . 99 
2 = 6.00-6.99 
3 = 5.00-5 . 99 
4 = 4.00-4 . 99 
5 = 0.00-3.99 

F. !XJUI'!M?ll" IW>AIR CX)ST yp!S!.IS !JTELI7ATIW 

Standard• CO!p\re ecst per hour of utiliiatlon for trucks, 
rol.lccs. exoovators. IJ<""""1:ls. loaders and backhoes 
with the state average . 

Score: 0 = 31. l\ or rrore above tte . .:.tate average 
l = 25.1 - 30 . 0' above 
2 = 20.1 - 25.0• above 
3 = 10 . 1 - 20.0% above 
4 = (+ or -) 10\ of previous f .y. end average 
5 = 10. U: or rrore belC1n' the state average 

3 . C\'.lllmY' PEJlSC@!ll. 

A. Sla< LFJIW ~ 

Standard: Must meet e s tablis hed Departrrent goal (3.35%) 

Score: o = greater than 4. 30 
I o 3.06-4. 30 
2 = 3.66-3.95 
3 0 3. 36-3.65 
4 = 3.01-3.35 
5 • 3.00 or less 

Stan:lard: Peroont of supe<Visor"'-"''" fllPl.oyees vith <1t least 
one year of sorv.lai who havt> c:x:qilet:<id either "Man<>Qlng 
HiQl°May Mai:ntcna:nQ;? l"I ttalning or- "'Poc:eman 's Ortcntatton 
Program.'' 

FIGURE 11 (continued) 

BIJR£AU OF MAINTENANCE • OPERATIONS 

QUALITY ASSURANCE EVALUATION 

----·----- ------------------------------------
MANUAL PATCH l NG 

Ev•luator ----------------
Oi!lt:r lct ______ __ _ 

D•t• --- ------- ---LR ___ ... __ Sta _____ St•---

Coun t y _ __ _ ___ _ ___ _ _ ______ _ 

Forema n__________ ~ 

I . PROGRAM PLANNING 
Unitw, FY 81-82 AWP --- --------- Ac:tu~ l ------------ 
Units, FY 92-83 AWP --------------- Actua l --------~---
Unit9, FY 83-84 AWP - - - --- ----- ---- .¥TD ----------·---

Yes No 

M-6:50 (or equal) 

Score: 0 = 59% or less 
l = 60-69% 
2 = 70-79% 
3 = 80-89% 
4 = 90-99• 
5 = 100% 

C. DXSN!J.!Ng lt!Jll!IY MU: 

Standard: Must rreet established Departrrent goal (10.00) 

Score: O = greater than 26. 00 
1 = 22 . 01-26.00 
2 = 18.01-22.00 
3 = 14.01-18.00 
4 = 10.00-14.00 
5 = l ess than 10.00 
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Standard: MPER's rreet :>:pproval in thes-o areas: ti.ITeliness, speci!:ic 
objectives, res-ults achieYC!d, t.ra.1ning/developrental needs 
and prcqress reviews . 

Score: O = unsatisfactory 
1 = incrnplete 

2 = needs ""'""""""'t 
3 = rreets .satn "st&Y!a.tds, but needs .i.nproverrent 
4 = rreets rrost standards, but needs i.nprovarent 
5 = meets all standards 

4 . CAJJD:fil: O!TICf: OPfJll\Tlct;S 

A. !NlllNl\)l!Y a::mJ!QI, 

Standard: Total inventory value per 1""" in.Ile (on-hand value equals 
t~ ave.CUQO res ults oE four quarterly rev1e\ols) 

Score : O = $500 . 00 or rrore 
I = $421.00 - $499 . 00 
2 = $371. 00 - $420. 00 
3 = $311.00 - $370 . 00 
4 = $261. 00 - $310. 00 
5 = $260.00 or less 

B. CASI:! f!Ni>J'qWJIT 

Standard• Must n-eet established Departrrent goal (l.O') 

Score : o = less than o.a 
1 = 0.1• 
2 = 0 . 2 - 0 . 29 
3 = 0.3 - 0.69 
4=0.7 - 1.00 
5 = ITDre than 1.0 

C. MATERIAL USAGE 

Standard: Percent of total nmt>er of actiVities within (+ or -) 
10\ variance on the 1-M-\S/AlMS re::lbook report . 

Score: O = less than 20\ 
1 = 20-39% 
2 = 40-59% 
3 = 60-79% 
4 = 80-99% 
5 = 100% 

Standard: Mu.st rreet established Departm=nt goal. 
error rates for all twelve nnnths) 

Score: O • greater than 5 % 
1 :- 5\ 
2 -;I 4% 
3 ~ 3% 
4 • 2% 
5 • 1% 

2. PROJECT COORDINATION 

(based on 

Training1 A/ V ----- VCR Other None 

Material Available 
Cutt.im~ Equipment. 
Compaction Equipment. 

Comments1 

:S. SCHEDULING 

W•ekl y Schadul e t.o ·Medi a 
1'1-6146 Complettt 

Comments: S•conda,..y Act.ivit.i•• Identi.fied 

FIGURE 12 Example of system developed for quality assurance of manual patching. 
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3. 6CHEDUl..ING<cont.•d) 

PERSONNEL 

Op• r•t.ors 

HiQhw•v 
Maintenance 
Workers 

Fo,.a111icrn 

EQUIPMENT 

Crew Cab 

Dump Truck 

CuttinQ 
Equipment 
& Power Source 

Tack Coat Appl . 

Compaction 
Equipment 

Hand tool~, 
Brooms, luteg, 
S/P shovels 

OTHER 

Comments r 

4. llATERIALB 

Pl•nt t1ix 
Typ• 
Type 

Tack Coat.• 
AQQr" • Q•t• 

Comm• nt.•1 

Perf. 
St•nd. 

1-2 

:i; 

1 

1 

1-2 

1 

1' 

M-bl4b 

AIMS 

FIGURE 12 (continued) 

Job 

To n11 
Ton a 
Gallons 
Ton -,; 
Ton .. 

Sit• 

Payroll 

Payr"o~l 

Tons 
Tons 

~.OPERATIONAL EFFICIENCY 

PERSONNEL 
D•monatrated 
Performance of
A~~t . Co. Mgr. 
Foreman 
Cr•w 

V•ry 
Effective 

Comm•nta1 <Training required> 

EQUIPMENT 

No Br•akdo.,.n• 
Buffici•nt Backup Equipment 
M-614 

OPERATIONS 

Activiti • • Coordin•t. d 

COfniaent•• 

6. PROJECT OPERATIONS 

Normal Starting · Time 
Safety Startin; Time -------
Activity Startinq Time ------
St~rt Delay: < 14 min 15-29 

Co mments: 

MANUAL PATCHING 

Evaluator ____ __ _ 

Date"'"---------- \...VUJll.Y, __________ _ 

LR ___ Sta_~Sta~- Foreman. ______ t __ _ 

PROJECT EVALUATION 

A. Drainage 
Base Repair 
Cutting 
Cleaning 
Tacking* 
Filling 
Material Condition 
Compaction 
Total Raw Score 

Raw Score Weighted Score 

Average Score x 0. 70 = ----
*Where applicable 

The activity is unsatisfactory if any one of the 
above is less than 3. 

B. Marking 
Sealing (Optional) 
Clean Up 
Rideabili ty 
Safety 
Total Raw Score 
Average Score 

very Good: 4.75 - 5.0 
P0or1 2.30 - 3.64 
COlll!lents: 

x 0.30 

Activity Rating 

Good: 3.65 - 4.7 
Unsatisfactory: -<-2-.-3-0-::._~--

FIGURE 13 Example of mmmary sheet for quality 88Burance of 
manual patching. 

Adequate 
Requires 
Training 

Yes No 

Ac ti vi ty Ending Ti me -------
S~fety Ending Time ----..-----
Normal Ending ---------------

--- 30-44 ___ 45-59 ___ >bO ---



Dnin•a• (not r•Ud lf not required) 

1 - Obviou1 vater problem, no 
corrective actioa taken 

2 - Ko 1kin patch, or creek 
Heling done where petchin1 
ia done 

3 - Bend vork done to correct 
deficienciu 

4 - Skin patching and/or crack aealing 
done to protect pevement frOlll water. 
Aleo ai.nor correct ion1 made 

S - 0-Dr•in, 1ub1rade dr•in, 1houldero 
cut, problem corrected 

Bue Repair(not raced if not required) 

- Obviou1 baoe failure, no corrective 
action taken 

2 - Surface repairs ude. Bue repair1 
are prosraaned 

3 - Partial base repair made 
4 - Baae repair full depth vith other 

than BCBC 
5 - Problem corrected, ba1e repair 

full depth• w/BCBC 

1 
2 

3 

4 

5 

- Not cut mechanically 
- Cut from outside in, cut on 

curved lines 
- Cut from in1ide out to aound 

material (depth & widtn) 
- Cut from iaaide out, moot 

edses vertical 
- Cut from ine ide out, all 

ed1e1 vertical 

- Water, 1001e uteri•l or debri• 
in hole 

2 - Inc0111plete cleaning 
J - Broomed out - no 1001e material 

in corner•, clean, damp 
4 - !:ame •• I 5 ezcept damp 1ur face 
5 - No water, looae material or debri•, 

coapreaaed air uaed. Dry aurfacea 

Tackina (where applicable) 

l - Not tacked where required 
2 - Too much or uaea when not required, 

improperly applied 
3 - Non-unifo1'111 film, 80% coverage 
4 - UnifoTill thin film, bru1hed 100% coverage 
S - Uaifon.a thin film, preeeure a prayed. 

100% coverage. 

- Lift1>J11
, rake ueed for distribution 

- Non-unifot11 lifta, material raked, 
cornero not filled 

3 - 311 unifonn lifts, corner1 filled, 
1pillage on pavement 

4 - 311 unifona lifts, corners filled, 
no 1pillage, no material added 

s - 1" - 3" uniform lift• •hoveled in nole, 
• cornere filled, no 1pillage, no aegre -

1ation, no material added after compaction 

Material Condit i on 

- Herd, luapy, frozen, 1tripped, 
cru1ted or cold hot •b 

2 - llll 
3 - 01eabl1 with reduced vorll.ability 
4 - DX 
S - Within temperature 1pecification1, 

workable 

NOTE: Non-uniform uterial conditiona can 
reduce rating 

C0111pac t i on 

3 

4 
s 

- No compaction 
- C0111pa.c ted, co rne ro and edgeo 

not t amped, 5pi llage not r e110ved 
prior to a>mpaction 

·- Finished patch<: 1/8" higher than 
existina 1urface 

- xxx 
- Finl1hed patch 1/8" - \" high, 

COIOl'action equipment appropriate 
for conditioaa, corner1 and edge• 
tamped, fint pau ude 11ain1t 
traffic 

Harking 

1 - Not marked 
2 - Some no lea marked 
3 - General areaa to be cut outlined 
4 - Marked by other crew member 
5 - Foreman marlta areaa to be cue 

with chalk keil, paint, etc. 

Seolins (optional)-not rated when not perforMd 

1 - Wrong material 
2 - xxx 
3 - Proper material, noa•unifom 

application 
4 - xxx 
S - Unifo1'111 applic1tion, proper material 

- Debrh left on peve..,nt and/or 
piled on 1hould1r1 

2 - llHte material piled on ahoulden 
3 - No debril on pavement. Evider.ce 

remaiaa on ahoulder of material 
re11<>ved frOlll hole 

4 - No debria on pavemeat,.,.minor debri1 
on 1hould1r 

S - No debrie evident oa 1houlder or 
pavement 

Rideability 

1 - Any deprueion or bucp>ls" 
2 - ~\" bump 
3 - No depre11ion, <ll8" high 
4 - l/8 11 

- %11 above pavement, non-unifom 
acro11 patch 

5 - 1/8" - %11 above pavement, uaifona 
•cro11 the patch 

- Improper traffic control and pereona l 
protective device.a 

2 - xxx 
3 - s- infraction• noted 
4 - XXl 
S - Proper traffic control and pereonal 

protective devicu 

FIGURE 14 Quality assurance evaluation indicators for manual patching. 
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