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This paper discusses (a) the communications gap among maintenance, 
design, and quality-assurance personnel, and its causes; (b) highway main· 
tenance-what it is, its cost, and its increasing share of the total highway 
budget; (c) cost of general or fiscal maintenance and its possible relation 
to the original design and quality-assurance program; (d) proposed main· 
tenance research projects, and especially one project that seeks to iden
tify particular features that affect normal maintainability of a highway 
facility; (e) the improved expertise of maintenance personnel and the 
current maintenance management system that can improve maintenance 
feedback; (f) recurring maintenance problems that require consideration 
by design and quality-assurance personnel; and (g) the importance of 
maintenance feedback and how to improve it. 

The maintenance engineer can play a key role in a good 
quality-assurance program by reporting on the perfor
mance of the end product. Unfortunately, many times 
the maintenance engineer does not discharge this im
portant duty and does not provide the necessary inputs 
because of a communication gap among the personnel in 
maintenance, design, and quality assurance. It stems 
from the fact that the maintenance personnel feel they 
are involved in the world of practical application, and 
they must accomplish their mission in an expeditious 
manner so that a needed facility is always available to 
the public. The maintenance personnel also believe that 
design and quality-assurance personnel live in an ivory 
tower, are full of unnecessary technicalities, and are 
slow to respond to maintenance needs. I can best illus
trate this point by an incident that occurred a few years 
ago. 

As a result of several serious accidents, including at 
least two fatalities that were apparently due to the slip
periness of the pavement on a traffic circle, it was de
cided to immediately overlay the pavement. The quality
assurance personnel were to provide the maintenance 
forces, who were to do the work, with a specification for 
a bituminous concrete overlay composed of crushed
gravel aggregate. The time of the year when the work 
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was to be accomplished was late December. Among the 
items stipulated in the specifications provided by the 
quality-assurance personnel to maintenance personnel 
was the following weather stipulation. 

The crushed gravel bituminous concrete mixture shall not be placed when 
the atmospheric temperature is below 4.4°C (40°F), or has been below 
0°C (32°F) during the preceding 8 h, or is expected to go below 0°C 
(32°F) during the 8 h following start of paving. 

The choice was a simple one: Design the specification 
and do the job in December because of the paramount 
needs of the motorists, or delay doing the work until 
spring to comply with the specifications. From the point 
of view of maintenance there was no choice. It was de
cided to proceed at once, and the pavement was laid at 
temperahtres ranging from -6.7 to -1.1°C (20 to 30°F). 
The quality-assurance personnel monitored the project 
by checking ambient temperatures, existing pavement 
temperatures, and the temperature of the bituminous con
crete. The quality-assurance personnel made mild pro
testations and were generally critical of the entire op
eration. 

Admittedly, the finished product in December was not 
up to standard. The longitudinal and transverse joints 
were of questionable quality; yet, the motorists had a 
much safer traffic circle. The advent of summer tem
peratures the following year, combined with the high vol
umes of traffic using the circle, knitted the joints to
gether and improved the appearance and ridability of the 
resurfacing project. The maintenance personnel felt they 
had accomplished their role, in spite of the specifications, 
and provided a needed service to the public. I can think 
of no better example of the divergence of views and needs 
based on individual disciplines that tends to separate 
quality-assurance and maintenance personnel. 

There is at least one common denominator in which 
we all share an interest: the annual budget and how the 
transportation dollar is spent. Maintenance costs 
throughout the nation have been on a steady increase 
that is irrespective of the inflationary spiral. Morgan 
(1) reported that an estimated 16. 7 percent of the total 
annual state highway disbursements in 1974 was spent on 
maintenance and operations. This disbursement amounts 
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to an estimated expenditure of $ 2. 7 billion out of a total 
state highway disbursement of $16.3 billion. 

Highway maintenance is defined as the act of preserv
ing and keeping a highway, including all of its elements, 
in condition as close as is practical to its originally con
structed condition, or its subsequently improved condi
tion; and the operation of a highway facility and services 
incidental thereto, to provide safe, convenient, and eco
nomical highway transportation. The highway mainte
nance role is divided into two major activities: general 
or physical maintenance and traffic services or operations. 

The first category consists of the physical upkeep of 
the highway and includes the repair of pavement failure, 
maintenance of shoulders, repair of guardrail, sealing 
of joints, and cleaning of drainage. The repair and 
maintenance of bridges and structures are also included 
in the physical upkeep. For the last 15 years, approxi
mately 66 percent of the total maintenance expenditure 
has been directed to the general or physical maintenance 
of the roadway and structures. Since this expenditure 
may bear a direct relation to the original design and 
quality-assurance program, it should be of special in
terest. How much of this maintenance cost can be traced 
to the original design and quality-assurance program is 
uncertain. Whatever this figure may be, maintenance 
feedback can reduce it. 

Feedback has always been a hope of maintenance per
sonnel, and they have also had the expectation that de
sign and quality-assurance personnel would at least 
equate low possible initial construction costs with ul
timate maintenance cost. There is considerable doubt 
in the maintenance community that maintenance costs 
are given any weight at all in the original determination. 
Is their belief correct? Or, do design and quality
assurance personnel consider the impact of that oft
quoted expression, "It's not the initial cost, it's the 
upkeep." 

In August 1976, the Federal Highway Administration 
(FHWA) distributed a report (2) that des cribes the con
clusions reached by 60 maintenance experts in regard to 
a study for maintenance research needs. Twenty-eight 
major problems in nine maintenance areas were high
lighted. It is interesting to note that one of the proposed 
research projects was "Integration of Maintenance Needs 
Into Preconstruction Procedures." The research prob
lem statement reads as follows (~, pp. 97-98): 

The 5ucca:;:;ful i.;(n11µ\~i.iu11 uf a iiiyhwc:1y proJeCt 1s dependent on the sat
isfactory accomplishment of the various phases leading to the end prod
uct. Planning, design, construction, operations, and maintenance play 
equally important and interrelated roles. The opening of a highway fa
cility to traffic should not be construed as completion of the project. 
The operation and maintenance of the facility are of paramount impor
tance to the safe and efficient movement of people and goods. 

Decisions reached during preconstruction activities such as planning, 
right-of-way location, environmental deliberations, and design decisions 
may have detrimental effects on maintenance costs, operations, and ef
fectiveness. These effects may be one-time or continuing, corrective or 
uncorrectable. In too many cases, these effects last the life of the high
way facility. 

On the other hand, properly coordinated planning, location, and de
sign features and decisions may result in positive effects on maintenance 
costs and operations. From the standpoint of maintenance, the facility 
needs to be planned, located, and developed so as to enhance maintain
ability without adverse effects on the other functions. 

The scope of this project is intended to be restricted so as not to in
clude the structural design of pavements. That problem area is, of 
course, critically important but is being handled under other research 
projects. The scope of the project is, however, intended to include geo
metric and other design features. 

Objectives 

1. To identify particular features that add, detract, or otherwise af
fect the normal maintainability of the highway facility. 

2. To develop information that will measure the increase or decrease 

in maintenance requirements and expenditures generated from the fea
tures identified above . It is suggested that the output of this task be 
structured in a format common to the preconstruction process. 

3. To recommend adjustments in the preconstruction functions and 
processes so that proper consideration of the results obtained in 1 and 
2 above can be incorporated. 

As one can see, the maintenance feedback problem is 
real and nationwide. 

It has only been within the past 15 years that mainte
nance personnel have graduated from common laborers 
to maintenance engineers and maintenance technicians. 
During this same period of time, there has been de
veloped a more sophisticated and disciplined approach 
to maintenance work, which is today generally known as 
a highway maintenance management system. 

In effect, this system is simply a use of management 
tools such as organization, planning, scheduling, budget
ing, performance measurement, control, and reporting. 
The matter of reporting is directly related to this subject 
of maintenance feedback. An effective reporting system 
that uses data processing techniques can and now does 
provide detailed information regarding the types of main
tenance work accomplished on any given section of high
way-its frequency, hours spent in repair, materials and 
equipment used, and detailed and total cost figures. These 
data, together with the increased amount of engineering 
and technical expertise of the maintenance personnel, can 
provide an invaluable source of information to design and 
quality-assurance personnel on the performance of the 
end product. 

The local maintenance foreman can also provide a 
wealth of detailed information. The local foreman liter
ally knows every bit of the roadway and can cite the de
fects, virtues, what repairs have been accomplished, and 
where and what repairs are needed on the roadway. How
ever, the local foreman does have difficulty communicat
ing this information upward. 

The engineers and inspectors for the New Jersey De
partment of Transportation administer the construction 
contracts from plans and specifications to reality. They 
provide the information to maintenance personnel about 
problems encountered during the construction process 
that can have a direct bearing on resultant maintenance 
problems. They are also in continual contact with the 
quality-assurance and design personnel, pointing out 
conflicts and errors or omissions in plans and specifi
cations, feeding back information, and seeking prompt 
answers to questions so the contract administrators can 
provide the contractors with information to keep a project 
moving. Unfortunately, since the construction personnel 
are geared to a contractor's fast-moving and profit
oriented operation, they are usually seeking quick re
sponses. Therefore, their feedback often comes through 
as a criticism of the design and quality-assurance per
sonnel. This is not their intention; it is only a difference 
in needs and work scheduling of the disciplines involved. 

What are some of the recurring maintenance problems 
that require special consideration by design and quality
assurance personnel? The Highway Maintenance Re
search Needs Report previously mentioned (2) notes sev
eral nationwide maintenance problems that may or may 
not have been fed back, but have not as yet been resolved. 
I will note only two that have been included as research 
projects(~, pp. 103-105, 115-118): 

Research Project Title 
Reduce Number of Expansion Joints in Existing Bridges 

Research Problem Statement 
Bridge expansion joints normally require frequent periodic maintenance 
to clean and reseal. Those structures having bituminous concrete surfacing 
magnify the joint at the surface by spalling through the overlay and thus 



require additional maintenance. Most of these maintenance operations 
must be performed while the bridge is open to traffic. Also, many oper
ating joints are difficult to seal and may permit water to drain on critical 
facilities below. After initial shrinkage and shortening have taken place, 
selected bridges may require fewer expansion joints. 

Objective 
Determine those bridges by type, length, temperature range, and overlay 
that may be amenable to eliminating selected expansion joints. 

Research Project Title 
Improved Pavement-Shoulder Joint Maintenance 

Research Problem Statement 
Many miles of highways have been constructed and are being designed 
and constructed with portland cement concrete roadway pavements and 
bituminous-surfaced shoulders. The resulting longitudinal joint between 
the roadway pavement and the shoulder contributes to costly maintenance 
and inconvenience to motorists. Keeping this joint sealed to prevent the 
intrusion of water and other objectionable material is very difficult, but 
of prime importance to pavement performance. If the joint is not com
pletely sealed, surface water will eventually get beneath the roadway 
pavement and the shoulder and will contribute to pumping, faulting of 
transverse pavement joints, and shoulder settlement. 

Objective 
Develop maintenance procedures and operations that will alleviate the 
problem associated with the joint between a portland cement concrete 
roadway and a bituminous-surfaced shoulder. 

A polling of several maintenance supervisors in New 
Jersey indicated full concurrence with the problems just 
outlined. They also enumerated several other trouble
some areas that may only be common to New Jersey, but 
could well deserve quality-assurance and design attention 
Some of these problems are as follows: 

1. The surface treatment of shoulders with light
colored gravel or stone to simply provide delineation or 
contrast from bituminous concrete riding surfaces [a 
great deal of the aggregate soon finds its way from the 
shoulder onto the riding surface or into the drainage sys
tem or is plowed off the shoulder during winter snow op
erations, and it is suggested that the use of a 20.32-cm 
(8-in) wide edge line or intermittent diagonal stripe be 
painted on the shoulder to provide delineation by indi
cating the nonriding surface]; 

2. The standardization of bridge railing and fencing 
to minimize the inventory of the types that must be stored 
and to reduce delay time when replacements are ordered; 

3. The difficulties involved in plowing and storing 
snow and its subsequent melting and freezing on super
elevated road sections (a special drainage design or a 
break in grade on the superelevated cross section of the 
high side would provide an area (or snow storage); 

4. The problem of plowing snow on bridges that 
traverse other roadways without depositing snow on ve
hicles traveling below because of the open bridge railing 
and lack of wide catwalk areas for snow storage; 

5. The umbrella drainage that becomes inoperative 
with a buildup of turf and is the cause of considerable 
erosion to slopes on steep grades (curb or berm would 
direct flow to specific paved gutter or inlet areas); 

6. The placement of trees or shrubs that makes ma
chine mowing of grass difficult and requires costly 
maintenance handwork; and 

7. The planting of trees or shrubs to provide a fence 
for snow at ineifectual locations (experienced mainte
nance personnel can provide information concerning the 
direction of snowstorms, accumulations, and prevailing 
winds to help in determining critical sites where a snow 
fence is needed). 

These are only some of the problems that the maintenance 
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personnel feel are being built into roadways. How do we 
correct them? 

If maintenance feedback is to work, the parties in
volved must have a mutual respect for the role each per
son plays and be able to discuss problems as equal part
ners. My experience is that, on projects or committees 
that are not related to maintenance feedback, the design, 
quality-assurance, planning, maintenance, and other dis
ciplines will work together to resolve a problem. The 
problem with maintenance feedback is that, of necessity, 
it implies a criticism of the work of others and, there
fore, often results in a negative response. By nature, 
designers are sensitive about their designs. If mainte
nance feedback is going to work the design and quality
assurance personnel will have to become better listeners. 
They will have to get out into the field, look at the end 
product, and actively solicit comments from the mainte
nance personnel. 

On the other hand, the maintenance personnel must 
become more effective in communicating their problems 
and more constructive in making their criticisms. If 
we work together as a team, we will be able to build a 
better transportation product, and we should use every 
tool at our disposal. Maintenance feedback is a rela
tively untapped source of information about the end prod
uct and has the potential of playing a very important role. 
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