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Systematic, well-designed research provides the most ef
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others However, the accelerat
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research 
In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation 
The Transportation Research Board of the National Re
search Council was requested by the Association to admin
ister the research program because of the Board's recog
nized objectivity and understanding of modern research 
practices The Board is uniquely suited for this purpose 
as. I t maintains an extensive committee structure from 
which authorities on any highway transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
It maintains a full-time research correlation staff of special
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans
portation departments and by committees of AASHTO 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans
portation Officials Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals Ad
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 
The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs 
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FOREWORD 
By Staff 

Transportation 
Research Board 

The procedures described in this report will be of particular interest and value to 
highway maintenance personnel and others desirous of reducing roadway occupancy 
time during maintenance activities in the traveled way. The report organizes the 
specific activities of bridge deck repairs, pavement patching, crack and joint sealing, 
and mudjacking into tasks and identifies a number of techniques suitable for accom
plishment of each. Standard time data have been compiled for several maintenance 
techniques. Procedures have been developed for analyzing and managing mainte
nance activities. Based on actual field studies and observations in 14 states, it has 
been demonstrated that application of the procedures can result in substantial reduc
tion in roadway occupancy time by maintenance crews using current technology. 

Occupancy of the traveled way by maintenance crews and equipment is often 
extremely hazardous to both maintenance personnel and the traveling public. Where 
traffic speeds and density are such that interruptions create major tie-ups, severe 
limitations may be placed on timing and duration of maintenance work. In many 
instances, the need for extensive traffic control systems is the most expensive part 
of the maintenance activity. The objective of this research project was to develop 
procedures for improving the safety and efficiency of maintenance operations by 
identifying methods of reducing the time of occupancy of the roadway by mainte
nance crews during bridge deck repairs, pavement patching, crack and joint sealing, 
and mudjacking 

The investigation, undertaken by the consulting engineering firm of Byrd, 
Tallamy, MacDonald & Lewis, was conducted in two phases. The first was dis
covery—an attempt to identify unique and innovative procedures that appeared to 
have promise for reducing roadway occupancy time. This was followed by an analy
sis phase that included extensive observations of maintenance activities in many 
parts of the U.S. to determine the impact of various equipment, materials, and 
organizational procedures on occupancy time. The search for new equipment, 
materials, or other techniques for accomplishment of the specific activities being 
studied was not as fruitful as was initially anticipated, although some promising 
techniques were identified. There appears to be a growing interest in prefabricated 
repair units and fast-curing materials The extremely heavy traffic volumes carried 
on many parts of the highway system have resulted in minimizing of routine main
tenance activities, such as patching, in favor of early resurfacing and major rehabili
tation of larger roadway sections. 

The data collection and analysis procedure for evaluating various current main
tenance techniques utilized time-lapse photography. Several considerations led to 
use of this technique, including: relatively inexpensive equipment; continuous obser
vation of an activity; hours of observation can be reviewed in a few minutes, data 
take-off can be selective; and observations can be stored for future reference. From 



the field data files accumulated with time-lapse photography, several analyses were 
made. Total observed occupancy time was divided into traffic control time, delay 
time, work time, and curing time Opportunities for reducing crew size and improv
ing task sequences often were apparent. Analysis of the activities studied indicated 
that reduction in work time requirements would not likely result m major reductions 
in total occupancy time Instead, major occupancy time reduction most often is 
dependent on elimination of delay time and minimizing of traffic control and curing 
time. 

Although this report does not identify major technological breakthroughs for 
the maintenance activities studied, it does describe time-lapse photography data 
collection and analysis procedures involving the categorization of roadway occu
pancy time that can be used in the management process in many instances to improve 
dramatically safety and the efficient movement of traffic during routine maintenance 
activities. Consequently, maintenance and safety personnel should give serious con
sideration to the procedures, particularly in areas of high traffic speeds and volumes. 
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TECHNIQUES FOR REDUCING 
ROADWAY OCCUPANCY DURING 

ROUTINE MAINTENANCE ACTIVITIES 

SUMMARY This comprehensive study of maintenance activities on the traveled way revealed 
that major reductions m roadway occupancy time—up to 48 percent in some 
instances—can be achieved using present technology. The major findings leading 
to this conclusion are as follows: 

1. Although major occupancy time reductions were not achieved directly by 
the use of new and innovative materials and equipment, effective techniques were 
identified in this study for the efficient accomplishment of each required task. Several 
techniques using new or modified materials and equipment are sufficiently promising 
to merit consideration by agencies performing maintenance activities on the road 
under heavy or fast traffic. Promising materials and equipment include: 

(a) Rapid-curing epoxies and regulated set cements 
(b) Precast concrete slabs for partial-depth and full-depth pavement 

repairs. 
(c) Prefabricated surface patches for asphalt pavements. 
(d) Large-diameter cutting wheels for concrete cutting 
(e) Percussive cutting heads for partial-depth, predimensioned concrete 

cutting. 
(f) Large-diameter cylindrical saws for cutting concrete. 
(g) Horizontal pressure-grouting equipment for under-slab base restora

tion and slab leveling. 
2. Several planning and management tools, developed in the study, offer sig

nificant potential for reducing roadway occupancy time. These include: 
(a) Structuring maintenance procedures by activities, tasks, and tech

niques. 
(b) Using time-lapse photography for data collection and analysis. 
(c) Developing standard time data for maintenance tasks. 
(d) Preplanning activities for minimum occupancy time using crew Bal

ance charts with standard time data to optimize the selection and 
sequencing of alternative techniques. 

3. Improvements in managing the entire maintenance activity showed the 
greatest potential for significant reduction of roadway occupancy time by mainte
nance crews. Major opportunities for improvements were in the following areas: 

(a) Selection of maintenance techniques best suited to carrying out the 
activity. 

(b) Organization of the activity by task with manpower assignments and 
scheduling preplanned and designated. 

(c) Job-site supervision and control. 
(d) Equipment selection, readiness, and reliability. 



Approach 

Highway maintenance activities often require occupancy of traffic lanes. Conflicts 
between these activities and the traveling public endanger both workmen and motor
ists. There is a need to minimize the problem and to provide a higher level of safety, 
economy, and convenience for the highway user during required maintenance 
activities. 

The project encompassed maintenance activities for. 

1. Bridge deck repairing 
2. Travelway patching 
3. Crack and joint sealing. 
4. Mudjacking and subsealing. 

The need to work with the individual elements of various activities was recognized 
and accommodated by the structuring of maintenance procedures into: activities, 
tasks, and techniques. 

Tasks were defined as the principal elements or subdivisions of an activity. For 
this project a specific list of tasks were identified and given code numbers. 

Techniques were defined as unique ways of performing given tasks. In the first 
phase of the study, new and innovative techniques were sought to perform tasks. 
To evaluate new techniques, existing standard techniques also had to be analyzed. 

Time-lapse photography was used to collect and develop data for the various 
maintenance techniques being studied. Where new techniques were found, they 
most often involved the minor modification or fabrication of equipment and tools 
within maintenance shops 

The few major changes in techniques identified in the study usually were 
associated with the use of new equipment and/or materials developed by manu
facturers or contractors. 

Time reduction was achieved by: 

1. Use of mechanization. 
2 Use of rapid-curing and/or prefabricated materials 
3 Use of optimum equipment and crew size 
4 Strategic scheduling of tasks. 
5. Techniques that combined or eliminated tasks 

Techniques 

Several innovative techniques showing promise for reducing roadway occupancy 
time were identified in this study 

• A percussive cutter is used to mill away concrete to create a predimensioned 
opening for partial-depth repairs. 

• A cylindrical saw, similar to a coring saw but of large (2 ft or greater) 
diameter is used to make full-depth, one-piece circular cuts in concrete pavement. 

• A large (7-ft diameter) power-driven wheel, fixed with carbide-tipped cut
ting teeth along its rim, is used as a massive concrete saw to cut full-depth, 31/2-in 
wide through concrete pavements. 

• Precast concrete slabs have been used to replace full-depth or partial-depth 
sections of concrete pavement. 

• "Band-aid" prefabricated bituminous surface patches have been used for 
shallow surface repairs on flexible pavements. 



CHAPTER ONE 

• Compartmented, truck-mounted concrete batch plants have been used to 
permit on-site mixing of concrete in batch sizes to fit the repairs. 

• One-inch-thick steel plates have been used to bridge concrete pavement 
repair sites while concrete patches are curing 

• Tractor-mounted multiple-head drills set at a standard spacing have been 
used to drill more than one hole concurrently for mudjacking. 

Occupancy Time 

Roadway occupancy time was divided into four categories. Traffic-control time; 
delay time, work time; and cure time. Traffic-control time was observed to be the 
least variable of all occupancy time categories. Elimination of delay time would 
have resulted in major reductions in occupancy times observed during the study. 
Cure time frequently represented a major percentage of total occupancy time. Work 
time was analyzed to determine the man-hours that were being invested in produc
tive work. Nonproductive man-hours were divided into avoidable and unavoidable 
nonproductive man-hours. 

Standard time data can be used to predict the length of time required to per
form a given amount of work using a specific technique The majority of the stan
dard times established during the study were for techniques that are routinely used 
by most highway maintenance agencies. Although not complete, the standard time 
values that were developed represent an important step toward a data file on main
tenance techniques useful for a vanety of management and planning applications. 

INTRODUCTION AND RESEARCH APPROACH 

Highway maintenance activities often require occupancy of 
traffic lanes, structures, and shoulders of the roadway by 
men, materials, and equipment. Conflicts between these 
activities and the traveling public thus endanger both work
men and motorists and restrict the flow of traffic. Hazard
ous situations and interference with the orderly flow of 
traffic are pronounced where high-speed and/or high-
density traffic conditions exist. There is a need to minimize 
the problem and to provide a higher level of safety, econ
omy, and convenience for the highway user during required 
maintenance activities. Utilization of techniques designed 
to reduce roadway occupancy time by maintenance activi
ties appears to offer potential for alleviation of the problem 

OBJECTIVES 

The objectives of this project were to identify and evaluate 
superior existing techniques that significantly reduce the 
occupancy time of the highway travelway and shoulders by 
maintenance forces. Development of new materials or new 
equipment was not within the scope of the study 

In Its original stage, the project encompassed mainte
nance activities for 

1 Travelway patching. 
2. Shoulder patching 
3. Travelway resurfacing and resealing 
4 Shoulder resurfacing and reconditioning 
5 Crack and joint sealing 
6 Mudjacking and subsealing. 
7. Bridge deck repairing. 

After the initial work was completed and an interim re
port reviewed by the project Advisory Panel, the scope of 
the work was modified to permit a more complete evalua
tion of a lesser number of activities for 

1 Bridge deck repairing 
2 Travelway patching 
3. Crack and joint sealing 
4 Mudjacking and subsealing. 

The effort on the four activity areas also was assigned a 
priority rating in the same sequence as the foregoing listing. 



RESEARCH APPROACH 

Literature Search 

As a part of the literature search, the Highway Research 
Information Service (HRIS) was engaged to make a search 
of their abstract files. The HRIS search produced 50 ab
stracts dealing with maintenance techniques in the United 
States, Italy, the Netherlands, Poland, Canada, England, 
and Germany. Approximately 717 publications were 
searched by the project team and from these 152 abstracts 
were prepared to record information of importance to the 
project. 

To keep abreast of maintenance developments during the 
course of the project as chronicled in the literature, HRIS 
supplied a monthly set of abstracts of research in progress 
and available worldwide literature. 

Staff Input 

An initial conference was held by the members of the proj
ect team in November 1970. With the principal investigator 
and five field representatives bringing an aggregate of 160 
years of experience as operating maintenance engineers to 
the project, staff input was useful m developing initial con
cepts for some maintenance techniques and in evaluating 
techniques employed or proposed by others. 

Personal knowledge of the project team members and 
leads furnished by the literature search provided the basis 
for developing lists of agencies to be contacted through a 
questionnaire and agencies to be visited in the initial field 
interviews 

Staff members and field representatives reconvened for a 
3-day workshop on May 11-13, 1971, following completion 
of the initial field visits and receipt of responses to the 
questionnaires At the workshop, a review was made of all 
techniques idenUfied to date and each technique was eval
uated. Lists and descriptions were drafted to include all 
current knowledge about each accepted technique, and 
follow-up assignments were made where additional data 
were needed Plans also were made for the in-depth study 
of selected techniques through the cooperation of mainte
nance agencies known by the staff to have the program, 
equipment, and willingness to participate in the research 
effort 

Questionnaires 

Two mailing questionnaires were developed to solicit infor
mation for the project. (See Appendix B.) One question
naire was designed to elicit information from agencies 
performing street or highway maintenance It was accom
panied by a packet of illustrative maintenance techniques 
designed to arouse the recipients' interest and encourage 
response One hundred twenty-seven questionnaires were 
mailed. All 50 state highway maintenance organizations, 
31 toll road and toll bridge authorities in the United States 
and Canada, 12 major cities and urban counties with re
sponsibility for high-traffic-density highways and express
ways, and a small number of foreign organizations, private 
firms, research agencies and individuals were queried 
Seventy-seven agencies responded, of which about one-

third received a personal follow-up to explore promising 
techniques, equipment, materials, or organizations in greater 
depth. 

It was evident as a result of the imtial search that many 
opportunities for improved maintenance techniques lay in 
innovative development and use of equipment and ma
terials. Consequently, a list of manufacturers and suppliers 
of highway maintenance equipment and materials was com
piled and another questionnaire was dispatched to 185 
agencies. Responses were received from 73. Most evi
denced a keen interest in the project and offered to co
operate by loaning equipment for testing and by supplying 
sample materials, data, or other pertinent information and 
suggestions 

Inquiries also were dispatched to embassies of countries 
with traffic and maintenance problems similar to those of 
the United States Leads were followed up with direct 
questionnaires to foreign maintenance and research 
organizations. 

Interviews 

As a result of information gathered from the foregoing 
sources, maintenance organizations were selected for in-
depth interviews because of the promising techniques they 
were using Project staff members made field visits to agen
cies in 31 states, Canada, and England (Fig. 1). All agen
cies evidenced a strong interest in the research project and 
offered to help in testing equipment, in gathering data, or 
in restructuring and testing maintenance tasks. 

Field Studies 

Field observations of maintenance activities were con
ducted over a 12-month period by a two-man crew The 
field study covered 14 states (Fig 1). Observations ranged 
from 2 to 5 hours at each site, and resulted in recording 
more than 10,000 ft of time-lapse film for evaluation 

Panel Review 

A project review conference was held by the project Ad
visory Panel in September 1971 At that conference, the 
research team reported on the project status and accom
plishments Also, concepts and procedures for carrying out 
the remainder of the project were presented, with emphasis 
on the development of field data and analysis of techniques. 

Following the conference, the Advisory Panel reduced 
the number of activities being studied so that a greater 
effort could be made m the remaining activity areas. The 
Advisory Panel requested prompt implementation of the 
field phase so that maximum data could be developed for 
the activities remaining to be studied 

interim Reports 

Two interim reports were published during the conduct of 
the study The first was developed at the end of 5 months 
to provide updated information on a refined work plan and 
a summary of findings evolving from an extensive litera
ture search. In addition, the report included samples of a 
letter of transmittal and a questionnaire proposed for mail
ing to selected maintenance agencies 



I N T E R V I E W S 

H E L D S T U D I E S 

Figure 1. States where interviews were conducted 

The second interim report, prepared after 8 months of 
research, summarized the results of the search phase of the 
project The techniques uncovered in the literature search, 
highway maintenance agency and manufacturer surveys, 
and personal interviews were identified and discussed and 
innovative or unique ones were illustrated in detailed tech
nique descriptions An abbreviated version of the second 
interim report was prepared for distribution by the Trans
portation Research Board to state agencies This dissemi
nation made the early project findings available for use by 
maintenance organizations. 

ORGANIZATION AND ANALYSIS OF 
MAINTENANCE ACTIVITIES 

As a result of the initial phases of the study, the need to 
work with the individual elements of various activities was 
recognized and accommodated by the structuring of main
tenance procedures into activities, tasks, and techniques 

Activities were defined as work procedures producing a 
completed end-product or result in the maintenance pro
gram For ease of reference, the activities under study were 
coded by. 

Component. I Pavement 
II Shoulder 

III Bridge deck 
Material. A Concrete 

B Bituminous 
C. Composite 
D Other 

Action 1 Patch or repair 
2 Resurface 
3. Surface treat 
4 Seal 
5. Mudjack 

Location. a. Surface 
b Partial-depth 
c. Full-depth 
d. Joint or crack 

Thus, an activity coded as I A 1 b was "pavement, con
crete, patch or repair, partial-depth." 

Tasks were defined as the principal elements or sub
divisions of an activity. Obviously, without a very detailed 
definition, a variety of interpretations of what comprises 
a task could result. For this project, the definition was 
applied to a specific list of tasks that were identified and 
given code numbers The list was intended to include all 
tasks required to accomplish any of the activities under 
study. These tasks were 

1. Set up or remove work zone materials and traffic 
controls 

2 Identify, locate, detect, or delineate areas of deteno-
rated material to be removed. 

3. Cut, grind, mill, plane, or break deck or pavement 
materials 

4. Remove broken or disintegrated deck, pavement, or 
base material. 

5. Clean, dry, and prepare patch area or surface area. 



6 Prepare and place forms, screeds, or other material-
controlling devices. 

7. Apply tack coats or bonding material 
8. Mix and place patching, surfacing, or sealing ma

terials. 
9. Compact, vibrate, screed, or finish patching or sur

facing material. 
10. Apply curing or blotting material. 
11. Construct temporary travel surface over repaired 

area. 
12. Clean out joint or crack 
13. Fill joint or crack 
14 Locate, layout, drill, and prepare mudjack holes 
15. Prepare slurry and perform mudjacking 
16 Apply liquid coating to surface. 
17. Spread aggregate on surface 
18. Miscellaneous 

Techniques were defined as unique ways of performing 
given tasks For example, the installation of a precast con
crete slab was a technique for accomplishing Task 8, "Mix 
and place patching, surfacing, or sealing materials." Ob
viously, some tasks could be achieved by a variety of tech
niques, others did not offer many alternatives. 

Roadway Occupancy Time 

For purposes of the study, roadway occupancy time was 
subdivided into four categories 

1 Traffic control time —Time spent on work zone set-up 
and removal when only traffic control work was being 
performed 

2 Delay time—Time when the roadway was occupied 
by the work zone but no work was being performed and 
no material-curing was taking place. 

3 Work tune —Time during roadway occupancy when 
maintenance work was being performed at the occupancy 
site. 

4 Cure time.—Time requiring roadway occupancy only 
to permit materials to cure. 

If a work task was initiated before the completion of the 
traffic control set-up, this was considered to be the end of 
the traffic control time interval As long as one or more 
tasks continued, the work time interval continued. Any 
break in which no task was being performed was classified 
as delay time. At the completion of the last maintenance 
task, either traffic-control removal was in progress, cure 
time had commenced, or the interval observed was classi
fied as delay time until traffic-control removal was initiated 
These categories of roadway occupancy are shown m 
Figure 2 

The Informational Requirements of the Study 

In the first phase of the study, new and innovative tech
niques to perform tasks were sought. Although general 
information on new techniques was developed, complete 
evaluation required that observations be made of the tech
niques being performed in the field. 

Information was needed relating to field procedures un
der a variety of roadway and workload conditions. The 
labor, equipment, and material requirements and produc
tion rate associated with the technique needed to be estab
lished. Also, the techniques required field evaluation in the 

TRAFFIC CONTROL 

LTRAFFIC 

P L A C E 

FINISH CURE 
1=1 d 

TRAFFIC CONTROL 

W O R K DELAY WORK CURE / T R A P . ' 

+ 
2 3 

T I M E (HOURS) 
Figure 2 A schematic representation of roadway occupancy time for a concrete repair project 



context of the total activity. This required information on 
occupancy time and maintenance activity procedures also. 

To evaluate new techniques, existing or standard tech
niques also had to be analyzed. To do this effectively, the 
same level of documentation was needed on existing tech
niques as on the new techniques. Adequate information 
was not available from the literature or from agency rec
ords so it also had to be developed in the field phase of the 
study. 

Standard Data Development 

In evaluating and reorganizing an activity so that it be
comes more efficient, one approach that permits consider
able flexibility involves the development of standard data 
for the various components of the activity. The standard 
data can include time required per unit of work accom
plished for given crew sizes. With these data, many com
ponent variations and combinations can be explored to find 
the minimum time for the activity. 

This procedure for predicting work time offers some 
other distinct advantages. The approach is objective. The 
same time will always be predicted for like procedures. The 
activity time estimate can be made rapidly. The approach 
is applicable over a wide range of workloads. Consequently, 
the standard data approach was selected as a mechanism 
to be used in evaluating techniques for performing a main
tenance task. 

Use of Time-Lapse Photography for Data Collection 

Since the required standard data were not available from 
maintenance organizations or literature, time-lapse pho
tography was used to collect and develop data for the 
various maintenance techniques being studied. 

The selection of time-lapse photography as the data col
lection technique was based on several considerations: 

1. The time-lapse filming could be performed by tech
nicians with little or no training in time and motion study 
procedures. 

2. Maximum information on maintenance tasks and ac
tivities could be collected with a minimum investment in 
labor and travel expense. 

3. Film could provide a complete and retainable record 
of the observed maintenance activity as it occurred. 

4. The time constriction created by the time-lapse film 
permitted repeated reviews within short time intervals. 

5. The film could be reviewed in an office environment 
by experienced professionals and their expertise used for 
project input with a minimum investment. 

6. The film could have potential as a training aid. 
7. Supplemental data, not envisioned at the time of field 

observations, could be captured from the film. 
8. Relatively inexpensive super-8 commercial equipment 

could be obtained on the market. 

The equipment used included a super-8 camera with 
zoom lens and automatic exposure meter, an 8-speed solid-
state intervalometer, and a built-in rechargeable battery 
with battery charger, all enclosed in a weatherproof hous
ing. A heavy-duty tripod; a modified projector with flicker-
less 8 speeds forward and reverse, lighted control panel, 

and a frame counter; and heavy-duty carrying cases for 
both the camera and projector were used. 

Photographic Procedures 

The time interval between frame exposures required for the 
time-lapse record was one that would put a maximum time 
period on one film without loss of pertinent detail. A 2-sec 
interval proved best for the study. Super-8 color film was 
used to permit easier identification of individual workmen 
by clothing colors. 

The monitoring position for the camera needed to be 
high enough above the work being photographed to reduce 
the frequency of the camera view being blocked by men or 
equipment. To ensure the best possible coverage, a num
ber of camera support arrangements were developed. Two 
were built into a panel truck that served as field team trans
portation. For one mount, two 16-ft ladders were fastened 
in an A-frame around the truck, which served as ballast 
(Fig. 3) . For the other, a collapsible vertical tripod was 
fastened to the top of the truck. Also used was a tripod 
equipped with vacuum-assisted suction cups that permitted 
mounting on the top of any available equipment in the 
vicinity of the work site (Fig. 4 ) . 

A header was used for each 50-ft reel of film to ensure 
the correct identification of the location, date, and time of 
the film record (Fig. 5) . 

Support information was recorded on a field data log 
(Appendix C ) and a field narrative that provided a written 
description of the activity plan as established by the main
tenance agency. The procedures filmed did not always rep
resent the normal procedures used by the agency. The field 
narrative documented the general procedure used by the 
agency with comments on the good and poor aspects of the 
observed and planned procedure. 

Figure 3. Time-lapse camera positioned on top of 15-fl 
A-frame ladders. 



Figure 4. Positioning camera tripod with special suction pads 
on top of truck cab. 

Film Review 

In the review process, the film was screened first for gen
eral content. All film of the same activity and site was 
consolidated, time-sequenced, and spliced together on one 
or more 200-ft reels. The initial analysis procedures con
sisted of identifying all maintenance tasks on the film that 
could be used to develop standard time data. 

For development of the standard time data, two takeoff 
forms were used (see Appendix D ) . "Cyclic" operations 
involved work of short duration repeated regularly during 
an activity, such as the sealing of joints or the drilling of 
holes for a mudjack operation. 

"Noncyclic" operations were of longer duration with 
men varying in numbers during the course of the task. 
Examples of a noncyclic task would be breaking pavement 
with air hammers, installing a pavement contraction joint, 
or placing concrete. 

To evaluate standard time data for each task, it was 
necessary to develop uniform measurements. Widely vary
ing crew sizes with differences in efficiency made it difficult 
to make a comparison of work between work sites. There
fore, work time was analyzed and divided into "productive" 
time and "nonproductive" time for each crew member. The 
nonproductive time was defined as the sum of those in
crements of time during which a crew member was not 
working. 

To accommodate varying crew sizes, the minutes or 
hours of productive time for each crew member were re
corded and then totaled to produce productive man-hours 
for the crew. This total of productive man-hours was di
vided by the total elapsed task time to give the equivalent 
crew size if each member were working productively for 
the entire task time. Thus, the standard time data devel
oped were comparable for different observations and 
different crews. 

Once detailed data were available on each crew member 
it was possible to develop crew balance charts for the ob
served activity. The crew balance chart shown in Figure 6 
is representative of the charts developed in the study. It 
shows how each crew member's time was divided between 
productive and nonproductive time. The chart shows that 
man No. 1 has 24 min of productive time and 6 min of non
productive time. There are four men working and the total 
productive time is 90 man-minutes (24 -j- 23 -t- 20 -t- 23). 
The standard time of 30 min would be applicable for a 
three-man equivalent crew (90/30) . Thus, the standard 
time reflects only pure work time. In plotting the crew 

ROADWAY OCCUPANCY STUDY 

BTML 107.07 NCHRP 14-2 

DATE ,1972 TIME START STOP 

REEL NO. 
ACTIVITY CODE 

D E S C R I P T I O N _ 

LOCATION. 

TIMELAPSE INTERVAL. 
TASKS 

MATERIAL. UNITS. 

Figure 5. Header form used to describe filming location. 
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Figure 6. Crew balance chart showing the division of produc
tive and nonproductive work for four men placing concrete over 
a 30-min worktime interval. 



balance charts fo r observed operations, it was possible to 
recognize places where procedures could be improved 
through better use of crew members. These improvements 
were built into revised crew balance charts and the poten
tial occupancy times compared with those observed. 

Wi th a potential procedure for an activity developed, 

alternative techniques also could be substituted in the pro
cedure and the impact on occupancy time evaluated. Also, 
the potential procedure permitted the ready identification 
of the task or tasks that could effect a significant reduction 
in occupancy time if they were improved—hence, the candi
dates for further research. 

C H A P T E R T W O 

FINDINGS 

TECHNIQUES IDENTIFIED 

Although major occupancy time reductions were not 
achieved directly by the use of new and innovative 
materials and equipment, effective techniques were 
identified in this study for the efficient accomplish
ment of each required task. 

Based on information developed in the study, Table 1 gives 
the present status of the maintenance techniques identified 
during the study. 

The table classifies the present availability of equipment 
and material into three categories: (1) experimental, (2) 
local fabrication, and (3) commercially available. I t indi
cates the applicability of the technique for present use 
based on how widely the technique has been tested and the 
availability of either the equipment or the materials needed 
to perform the technique. The categories are "experimen
tal ," "l imited," and "immediately applicable." 

The techniques listed as "experimental" in Column 5 of 
the table appear to have merit but wi l l require additional 
development beyond the scope of this project. These tech
niques have been so categorized because either the required 
equipment is still experimental and has not been proved or 
the application or adaptation of commercial equipment to 
the technique has not been proved or is unsatisfactory. 

The techniques listed as "immediately applicable" in 
Column 7 have been employed successfully in actual field 
operations by one or more maintenance agencies. The 
equipment and material necessary to use the techniques are 
either commercially available or can be fabricated easily in 
local shops or yards. 

Innovative techniques showing promise fo r reducing oc
cupancy time about which information was obtained in this 
study are listed by tasks, as follows: 

Task 1. Set up and remove work zone materials and 
controls. 

(a) A "diminishing zone" arrangement has been used 
fo r an operation like joint sealing. The work zone is set up 
in one lane at a size to permit several hours of work. The 
work then progresses against the flow of traffic, wi thin the 

work zone, and the "downstream" end of the zone is 
removed by the work crew as it progresses "upstream." 

(b) Special pickup or panel trucks have been outfitted 
with sign racks, cone chutes, and platforms to permit quick 
set-up and removal of work zones wi th minimum manual 
work (Fig. 7 ) . 

(c) A series of trailer-mounted signs have been towed 
in a train behind a towing truck and disengaged to provide 
stationary signs at appropriate points along the work zone 
approach (Fig. 8 ) . 

Task 2. Identify, locate, detect or delineate areas of de
teriorated material to be removed. 

(a) A n instrument measures the electrical potential that 
exists between corroding steel reinforcing bars in the pres
ence of chlorides and surrounding concrete. Since the 
presence of chlorides sets up a local galvanic cell, by at
taching one lead of a circuit through a voltmeter to the 
reinforcing steel and the other lead to a saturated copper 
sulfate half cell set down elsewhere on the deck, the poten
tial at that point can be measured. A high potential read
ing indicates areas of damaged or vulnerable concrete. 

Figure 7. Truck-mounted safety platform used in manual 
placement of traffic control cones. 
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TABLE 1 

SUMMARY OF IDENTIFIED MAINTENANCE TECHNIQUES 

1 

T e c h n i q u e 

E q u i p m e n t and M a t e r i a l 
A v a 1 1 a b 1 1 i t y C u r r e n t A O D I I c a b i 1 i t v 

1 

T e c h n i q u e 

2 

E x p e r 1 -
men ta1 

3 

L o c a 1 
F a b r i -
c a t i o n 

u 
Commer -
c 1 a 1 1 y 
A v a 1 1 -

a b l e 

5 

E x p e r 1 -
men t a 1 

6 

L1m1 t e d 

7 
1mmedi -

a t e ) y 
App 1 1 -
c a b 1 e 

T a s k 1. S E T UP AND REMOVE WORK 
ZONE M A T E R I A L S AND C O N T R O L S . 
a . D1m1n i s h 1 n a z o n e X 
b. A u t o m a t e d z o n i n g X X 
c . M o t o r i z e d s i a n s X X 

T a s k 2 . I D E N T I F Y , L O C A T E D E 
T E C T OR D E L I N E A T E AREAS OF 
D E T E R I O R A T E D M A T E R I A L TO BE 
REMOVED. 
a . E l e c t r i c a l o o t e n t i a ! X X 
b. A c o u s t i c r e f l e c t i o n X X 
c . I n f r a r e d p h o t o g r a p h y X X 
d . C o n c r e t e s o u n d i n g X X 

T a s k 3 . C U T , G R I N D , M I L L , 
PLANE OR BREAK OLD DECK 
OR PAVEMENT M A T E R I A L S , 
a . R o c k e t B u r n e r X X 
b. C o n i c a l b i t X X 
c . M e c h a n i c a l a r i n d i n q X 
d . C o n c r e t e s a w s X X 
e . Rams and hammers X X 
f . K l a r c r e t e c u t t e r X X X 
g . C o r 1ng saw X X 
h . V e r m e e r c u t t e r X X 

1 . H e a t e r - p 1 a n e r X X 
J D i s c c u t t e r X X 
k. T o o t h e d c u t t i n g e d g e s X X 

l a s k U REMOVE OLD D E C K , P A V E 
MENT OR BASE M A T E R I A L 
a . Saw and l i f t X X 
b. Vacuum s u c t i o n X X 
c . M e c h a n i z e d r e m o v a l X X 

T a s k 5 . C L E A N , DRY OR P R E P A R E 
PATCH AREA OR S U R F A C E AREA 
a . R o c k e t B u r n e r X X 
b. H e a t i n g t o r c h X X 
c . W a t e r j e t s X X 

d . Ai r j e t s X X 
e . Vacuum s u c t i o n u n i t s X X 
f S a n d b l a s t i n g X X 
g . Ac 1d e t c h i n g X X 

T a s k 6 . P R E P A R E OR P L A C E FORMS 
S C R E E D S OR OTHER MATERIAL 
CONTROLING D E V I C E S 
a . P u l l 1n p1 a c e f o r m s X X 
b. L e a v e i n p l a c e f o r m s X X 
c . E l e v a t i n g p l a t f o r m X X 

T a s k 7 . APPLY TACK COAT OR 
BONDING M A T E R I A L , 
a . P r e s s u r e s p r a j e r X X 
b B r u s h e d on X X 

T a s k 8 . MIX AND P L A C E PATCHING 
S U R F A C I N G OR S E A L I N G MATERIAL 
a . P r e - c a s t c o n c r e t e s l a b s X X 
b. B a n d - a i d X X 
c P o r t a b l e b a t c h p l a n t s X X 
d . R e p a v e r X X 
e I n s u l a t e d t r a n s p o r t b o x e s X X 
f . S p r e a d e r b o x e s X X 
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Tab le 1 Con t . 

T e c h n 

T a s k 9 . COMPACT, V I B R A T E , 
SCREED, ROLL OR F I N I S H PATCH 
ING OR SURFACING M A T E R I A L . 
a . V i b r a t o r y c o m p a c t o r 

Equ i p m e n i a n d M a t e r i a I 

Ava i I a b i I i t y 

E x p e r i -
men t a I 

L o c a I 
F a b r I -
c a t i C'l 

C o m m e r -
c i a I I y 
Ava i I -

ab I e 

Cu r r e n t A p p I i c a b i I i t y 

E x p e r i -
men t a I L i m i t e d 

7 
Immed i -

a t e l y 
App I i -
c a b I e 

b . P o r t a b l e r o I I e r s 
D r a g b o x e s 

T a s k 1 0 . APPLY CURING OR BLOTT
ING M A T E R I A L . 
a . P a p e r r o I I e r 

S p r a y e d c u r i n g c o m p o u n d s 
S p r a y e d sand 

_ d ^ O t h e r a g e n t s 

T a s k I I 
TRAV 
AREA 

CONSTRUCT TEMPORARY 
E L SURFACE OVER R E P A I R E D 

S t e e l p l a t e s 

T a . k 1 2 . CLEAN OUT J O I N T OR 
CRACK. 
a . R o c k e t B u r n e r 

c^ 
[d_.^ 

e . 

P l_py» _bi t 
R o t a r y _ d^r_i J j 
D i s c c u t t e r 

f . 

T a s k 
a . 

Tenn an r j3u t e r 
Fl i g h - p r e s s u r e J e t s 
V e r m e e r c u t t e r 

1 3 . F I L L J O I N T OR CRACK. 
Pou r e d - i n - p I a c e 

b . E x t r u d e d n e o p r e n e 
P r e s s u r e a p p l i e d 

d ^ Foamed i n p I a c e 
e . P r e - f o r m e d f i l l e r s 

T a s k m . LOCATE, L A Y O U T , D R I L L 
OR PREPARE MUDJACK HOLES. 
a . Temp I a t e 
b . _MuJ tLp I e h e a d d r i l l s 

U l t r a s o n i c d r j M s _ 
H_or i z o _ n t a l d r i 1 I i n_g^_ 
H ;i n d - h e l d d r i l l s 

T a s k l b . PREPARE SLURRY AND PER 
FORM MUDJACKING. 
a . C o n c r e t e mi x e r s 
b . C o m b i n a t i o n m i x e r & j a c k 

• l o r i z o n t a l j a c k i n g 

T a s k 1 6 . APPLY L I Q U I D COATING 
TO SURFACES. 
a . P r e s s u r e s p r a y b a r 
b . S I u r r y__b o x e_s_ 

H a n d s p r a v n o z z l e ^ 

T a s k 1 7 . SPREAD AGGREGATE ON 
SURFACE. 
a . T a i l g a t e ^ s p j e a d e r s 
b . W h e e l -mo u nTe d _ s £ £ ^ d e_r_s_ 

_ S e j _ f j i £ r ^ e J J _ e d _ sp r e a d e r s _ 
d . P r e s s u r e s p r a y 

T a s k 18 MISCELLANEOUS T A S K S . 
a . Wooden p l u g s f o r m u d j a c k 

hoJ .es 
b . B r i d g e m e m b r a n e s 
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Figure 8. Sign train used to expedite placing traffic controls. 

(b) A n electronic device has been used to detect hori
zontal cracking or delamination in concrete bridge decks. 
The device is a mobile cart wi th two rolling acoustic re
ceivers spaced 12 in. apart, two tapping wheels 6 in . apart, 
and a 2-pen recorder by which variations f r o m a straight 
line are scribed on a rol l tape to indicate delamination. 

(c) Infrared photography reveals differences in tem
perature between solid and delaminated areas of concrete 
bridge decks and may prove useful in locating defective 
sections of concrete. 

Task 3. Cut, grind, mill, plane or break old deck or 
pavement materials. 

(a) A high-velocity air stream f r o m a propane burner is 
used to loosen and remove old bituminous material and 
underlying disintegrated concrete on composite pavements. 

(b) The percussive cutter shown in Figure 9 is used to 
mi l l away concrete to create a predimensioned opening for 
partial-depth repairs (Fig. 10). 

(c) A cylindrical saw, similar to a coring saw but of 
large diameter (24 i n . ) , is used to make full-depth, one-
piece circular cuts in concrete pavements (Fig. 11) . 

(d) A large (7-f t diameter) power-driven wheel, fixed 
with carbide-tipped cutting teeth along its r im, is used as 
a massive concrete saw to cut full-depth, 3V4-in. wide 
through concrete pavements (Fig. 12). 

(e) A disc cutter, mounted on a motor-grader blade has 
been used to make longitudinal cuts in bituminous pave
ments. 

Task 4. Remove old deck, pavement, or base materials. 
(a) Af t e r saw-cutting into rectangles or circles, and 

breaking loose, sections of concrete can be removed intact 
by inserting expansion bolts in drilled holes or using pneu
matic suction pads and l i f t i ng sections wi th crane or f ront-
end loader arm. 

(b) A vacuum suction unit has been used to remove and 
collect material where it has been broken, crushed, or 
ground. 

Task 5. Clean, dry, or prepare patch area or surface 
area. 

(a) A high-velocity air stream f r o m a rocket burner is 
used to remove loose material and moisture. 

(b) Water jets have been used to clean dust and loose 
material f r o m a patch area while concurrently wetting the 
area f o r concrete patching. 

(c) Vacuum suction units have been used to clean an 
area of dust and loose material. 

(d) Sand blasting has been used to clean away dirt. oils, 
and imbedded surface materials f r o m a patch area. 

(e) Acid etching has been used to clean and roughen 
concrete surfaces before placing patching materials. 

I 
Figure 9. Percussive cutter used to make a partial-depth cut in concrete pavement. 
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Figure 10. Two-inch-thick precast slabs used as a partial-depth concrete patch. 

Task 6. Prepare or place forms, screeds, or other 
material-controlling devices. 

(a) For full-depth repairs to concrete bridge decks, a 
bottom f o r m has been installed by pulling it into place wi th 
rope or wire dropped through the deck opening. When the 
f o r m is in place it can be tied or welded to re-bars fo r 
permanent positioning during and after patch pour. 

(b) Double-elbow elevating platforms have been used to 
provide quick access f o r forming under bridge decks. 

Task 7. A pply tack coat or bonding material. 
N o innovative techniques were identified fo r this rela

tively simple task. 

Task 8. Mix and place patching, surfacing, or sealing 
material. 

(a) Precast concrete slabs have been used to replace 
full-depth or partial-depth sections of concrete pavement 
(Fig. 13) . 

(b) "Band-aid" prefabricated bituminous surface patches 
have been made by applying a surface treatment of bitumen 
and stone chips to sections of paper which then can be 
stored by rolling or stacking. Used wi th a tack coat to 
cover minor surface defects in a bituminous pavement, the 
patches have been applied face down (wi th the paper back 
up) , where i t quickly disintegrates under traffic and weather. 

Figure 11. Cylindrical saw used to make full-depth utility cuts in concrete pavements. 
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Figure 12. Wheel cutter used to cut an expan.sion joint in concrete pavement. 

(c) Compartmented, truck-mounted concrete batch 
plants have been used to permit on-site mixing of concrete 
in various batch sizes as required (Fig. 14). 

(d) Special commercial equipment units have been used 
to heat, soften, remove bituminous material, re-mix and 
re-lay as a base fo r resurfacing. 

(e) Truck- or trailer-mounted insulated transport boxes 
have been used to transport new hot-mix material f o r 
patches and repairs. 

Task 9. Compact, vibrate, screed, roll or finish patching 
or surfacing material. 

(a) A vibratory-plate compactor fo r small bituminous 

patches has been carried on a ti l t ing platform suspended 
beneath the dump truck bed f o r easy, rapid use and 
transport. 

(b) Tailgate-transported rollers, heated or unhealed, 
have been carried on dump trucks and unloaded by eleva
tion of the dump bed. 

(c) Drag boxes have been fabricated to apply and screed 
wedge courses of bituminous concrete or aggregate mixes 
on shoulders. 

Task 10. Apply curing or blotting material. 
(a) For blotting joint sealants to prevent tire pick-up, 

an absorbent paper rol l on a spindle attached to a long 

Figure 13. Precast concrete slab being placed at full-depth repair site. 
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Figure 14. Custom-sized concrete batches being supplied by .special concrete mixing 
truck. 

handle has been impressed in sealant surface quickly and 
conveniently by a crew member. 

Task 11. Construct temporary travel surface over re
paired area. 

(a) One-inch-thick steel plates have been used to bridge 
concrete pavement repair sites while concrete patches are 
curing (Fig. 15) . 

Task 12. Clean out joint or crack. 
(a) A high-velocity air jet f r o m a propane burner 

(rocket burner) has been used to rout out bituminous 
concrete cracks and f o r m a reservoir f o r new sealant. 

(b) A plow bit or tooth mounted on a small garden-type 
tractor has been used to rout out old joint sealants and 
debris in concrete pavement joints before resealing. 

(c) A power-driven rotary cone-shaped dr i l l mounted 
on a small wheel carriage has been used to cut a V-groove 
in a concrete pavement crack to f o r m a reservoir f o r 
sealant. 

(d) A free-rolling disc, mounted on a motor-grader 
blade, has been used to cut a V-groove at the edge joint 
between concrete pavement and bituminous shoulder to 
f o r m a reservoir fo r sealant. 

(e) A large (7 - f t diameter) wheel, power driven, fixed 
wi th carbide-tipped cutting teeth along its r im, has been 
used to saw out old fillers and sealants in wide expansion 
joints where no load transfer dowels were present. 

Task 13. Fill joint or crack. 
(a) Poured-in-place joint and crack sealants have been 

applied using various wheel-mounted pouring pots, some 
wi th shoes fo r pressure screeding of poured material. 

(b) Extruded neoprene strips have been impressed into 
joint openings to seal precisely formed pavement joints. 

(c) Reactant two-component polymers have been mixed 
and poured into expansion joint openings where they foam 
and expand to fill the void before setting up. 

Task 14. Locate, layout, drill, or prepare mudjack holes. 
(a) Template and paint spray cans have been used to 

spot hole-drilling sites on pavement surface according to 
pre-set standard patterns. 

(b) Tractor-mounted multiple-head drills set at a stan
dard spacing have been used to dr i l l holes concurrently. 

(c) High-frequency sonic drills for fast cutting are in 
the development stage. 

(d) Pneumatic-hammer-driven pipes have been inserted 

Figure 15. Steel plate used to bridge repair area so that road
way could be opened to traffic while awaiting completion of 
maintenance operation. 
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horizontally f r o m trenches cut in the shoulder f o r mudjack-
ing without holes through the slab (Fig. 16). 

Task 15. Prepare slurry and perform mudjacking. 
(a) Power-driven concrete mixers have been used to 

mix slurry pumped by one mudjack machine to a second 
mudjack machine f o r pressure pumping under pavements. 

(b) Combination mixer and pump mudjack machines 
have been used to prepare and pump slurry under slab. 

(c) Mudjack hose has been connected to a horizontally 
driven pipe f o r pumping slurry f r o m side position off the 
pavement. 

Task 16. Apply liquid coating to surfaces. 
Small tractor-mounted slurry boxes have been used to 

spread emulsions and slurry seals on surface areas. 
Task 17. Spread aggregate on surface. 
(a) Self-propelled distributor-spreader units that permit 

dump trucks to discharge aggregate into hopper at f ront of 
unit while traveling forward have been used to apply ag
gregate cover without requiring truck to turn around and 
back up to spreader. 

Information about some of the foregoing techniques is 
incomplete because of the developmental stage of the 
equipment or materials involved. Description sheets are 
included in Appendix E for the techniques where informa
tion on requirements, productivity, and costs were deter
mined by observations of the research team. 

Several planning and management tools, developed 
in the study, offer significant potential for reducing 
roadway occupancy time. 

OCCUPANCY TIME DISTRIBUTION 

For this study, roadway occupancy time was divided into 
four categories: traffic control time, delay time, work time, 
and cure time, as defined in Chapter One. Variations in 
distribution of occupancy times fo r a sampling of sites 

Figure 16. Horizontally driven pipe used to pump slurry 
under pavement slab in mudjacking operation. 

where good practices were observed are shown in Figures 
17, 18, and 19 f o r bridge deck repairs, pavement repairs, 
mudjacking, and joint sealing. 

Traffic Control Time 

Traffic control time was observed to be the least variable 
of all the occupancy time categories. The observed time 
needed to set up the work zone averaged about 15 min, 
both f o r spot locations and f o r extended zones where a 
continuing activity like joint and crack sealing was per
formed. Likewise, zone removal required about 15 min. 
For moving operations and in large zones, the removal of 
traffic control devices began prior to completion of the last 
task in the work activity. W i t h minor exceptions, main
tenance crews performed this task quickly and efficiently, 
apparently because procedures were standard and a sense 
of urgency prevailed to create a zone out of the traffic 
stream as quickly as possible. 

Delay Time 

The elimination of delay time would have resulted in major 
reductions in occupancy times observed during the study. 
Delays accounted f o r up to 90 percent of occupancy time 
in some activities. 

Major delays during occupancy time were occasioned by 
lunch periods, late equipment and material arrivals, and 
mechanical failure of equipment at the work site. There 
were also instances where poor quality control of materials 
extended occupancy times. 

A major, frequent cause fo r delay was the lack of effec
tive scheduling of resources. Haul trucks often were not 
available when needed. Materials shortages were common, 
and often equipment was not suited to the work site. 

Where work was not completed within a normal work 
day. the road usually remained closed to traffic until work 
was finished the fol lowing day. This created a major delay 
period as defined in the study. Some agencies eliminated 
this type of delay by using a large steel plate to bridge the 
repair area and open the travelway between work periods. 

Cure Time 

Where it was necessary to provide fo r material curing time 
during roadway occupancy, it frequently represented a 
major percentage of total occupancy time. Of the three 
occupancy time categories other than delay, cure time 
offered the greatest opportunity f o r reduction. Figure 20 
shows the distribution of occupancy time fo r a cast-in-place 
concrete repair. The distribution chart represents an aver
age of several observed occupancy times where curing time 
was held to a minimum for the materials used. 

\ Work Time 

Work time was analyzed to determine the man-hours that 
were being invested in productive work. Figure 21 shows 
four representative activities where productive man-hours 
amounted to 48. 31 , 55. and 34 percent of the total man-
hours invested in the work. The average values for the four 
activities are shown in Figure 22, where productive man-
hours represent 42 percent of the total. 
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Figure 17. Observed distribution of roadway occu
pancy time for bridge deck repairs at three sites 
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Figure 18 Observed distribution of roadway occu
pancy time for pavement repairs at four sites 

Figure 22 shows that 58 percent of the man-hours were 
nonproductive. These nonproductive man-hours were di
vided into avoidable and unavoidable nonproductive man-
hours. For this study, avoidable nonproductive man-hours 
were defined as time when men could have worked (i.e., 
when work was available to be done) but did not work. 
This was evaluated by plotting crew balance charts and 

TRAFFIC CONTROL 

MUDJACK JOINT S E A L 

Figure 19 Observed distribution of roadwav 
occupancy time for a mudjacking site and a 
lomt-sealing operation site 

WORK CURE 

DELAY 

Figure 20 Average distribution of observed roadway occu
pancy time for concrete, cast-in-place, full-depth repairs. 
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PARTIAL DEPTH BRIDGE REPAIR-6.46liH. 
A V O I O A P L E 

24% 
U N A V O I D A B L E 

28% 

JOINT SEALING-16.42 U K 

48% 21% 

establishing that work was available for the nonproductive 
crew members These avoidable nonproductive man-hours 
represented 26 percent of the total man-hours in the work 
time period as shown in Figure 22. Thus, the man-hours 
that could have been productive were (42 - f 26) 68 per
cent of the total. 

The observed productive man-hours also can be ex
pressed in terms of efficiency Because 42 percent of the 
achievable 68 percent productive man-hours was realized 
in the observed activity, the efficiency of the crew can be 
computed as -"-Yis X 100 = 62 percent 

MUDJACKING-10.00 M.H. 

8% 
7-7-7-7-7-

3 7 % 

FULL DEPTH CONCRETE REPAIR-15.30MH 

24% 42 7o 

PRODUCTIVE Y / / / / A 

NON-PRODUCTIVE 
Figure 21 Distribution of man-hours of observed 
work time 

UNAVOIDABLE 
NON-PRODUCTIVE PRODUCTIVE 

26°/, 
AVOIDABLE 

NON-PRODUCTIVE 

Figure 22 Average distribution of work time man-hours for 
activities shown m Figure 21. 

CURRENT AND ACCUMUUTIVE OCCUPANCY TIMES 

Roadway occupancy time can be measured under two con
siderations In the first, the maintenance manager is con
fronted with the need to make an immediate local repair 
which requires that a maintenance crew occupy the road
way at a specific repair site In this situation, the manager's 
objective should be to minimize the single occupancy period 
at that worksite 

The second consideration involves prescheduled mainte
nance work programs requiring repeated roadway occu
pancy over a large area and over a long period of time. In 
these situations, the manager may have the option of sched
uling a longer continuous occupancy period so that the 
accumulative occupancy time for the program is less than 
that required by a series of short occupancy times 

Figure 23 shows the savings in total occupancy time that 
can be realized for three representative full-depth, cast-in-
place concrete repairs Performing the work on each single 
site separately requires an occupancy period of SVi hr, or 
a total of 16'/2 hr for the three sites Assuming that a 
single traffic zone could cover all three sites, work could 
be performed sequentially on the three sites with the same 
crew. This single occupancy period would require 7 hr, a 
savings of 9'/i hr over the three separate, short, occupancy 
periods. 

Obviously, selection of occupancy time is controlled by 
traffic volumes in many instances. Although the longer 
single occupancy time may be the lowest alternative, the 
resulting encroachment on peak-hour traffic periods may 
represent a greater cost in terms of traffic service losses 
than three short-time occupancy periods scheduled on 
separate days in off-peak periods. 

STANDARD TIME DATA 

For selected maintenance techniques data were developed 
that can be used to predict the length of time required to 
perform a given amount of work using each technique. (See 
Appendices F and G . * ) 

It was recognized that the techniques observed in the 
study would be performed under a variety of conditions 
and, therefore, standard times developed for the mainte
nance techniques would be representative of average situa
tions Where observations were too limited to permit an 

• Appendix G, which includes detailed information on the standard time 
data shown in Appendix F , is not pubhshed herein, but is listed here foi 
the convenience of qualified researchers in the subject area, who may 
obtain loan copies by written request to the Program Director, NCHRP, 
Transportation Research Board 
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average time to be developed, standard times were devel
oped that are applicable to work performed under condi
tions similar to those observed 

In developing the standard times, a number of relation
ships between time, work quantity, and crew size were 
examined. Work was expressed in a variety of accomplish
ment units, including volume, area, depth, length, site, and 
occurrence. Statistical and curve-fitting analyses were made 
for the various relationships and the best, in a statistical 
sense, selected and put into a standard time format 

The majority of the standard times established during 
the study were for techniques that are routinely used by 
most highway maintenance agencies Although not com
plete, the standard time values developed represent an im
portant step toward a data file on maintenance techniques 
useful for a variety of management and planning applica
tions 

Standard Times 

Standard time models developed for several routine main
tenance tasks are discussed in the following paragraphs 
Values are based on 100 percent efficiency In computing 
occupancy times, values must be modified by factors to 
reflect typical efficiency rates for the tasks. 

Concrete, Sawing 

Standard time models were developed for both carbide and 
diamond saw blades used for cutting concrete In both 
models, time is a function of the face area of the cut, which 
IS computed by multiplying the cut depth times the length 
of the cut. Thus, 

T,m,»o„a = 2 0 1 33/1 
r c „ r . , . „ e = 1.5 + 4 96A 

where T is standard time (mm) and A is area (sq ft) . 
Based on the models, a 12-ft by 1-in. concrete cut would 
require about 6V2 min using a carbide blade and 3'/i mm 
using a diamond blade Both models are shown in Fig
ure 24 

Pavement, Concrete, Breaking, Partial-Depth with 
Air Hammer 

A number of observations were made of air hammers be
ing used to break concrete. Most observations covered 
partial-depth repairs The standard time varied with the 
volume of concrete broken and with the hammer size. 
From the observations and data collected during the study, 
I t was possible to develop models for partial-depth concrete 
breaking. Thus, 

T,,= ^.5 + 1.\9V 
T,„ = 4.5 + 30.65V 

where V is volume of concrete broken out (cu ft) . Using 
a 60-lb hammer for a 3-in deep, 8-sq-ft patch area, the 
standard time would be about 18 min. Using a 30-lb 
hammer, the same operation and patch size would require 
about 66 min. A plot of each model is shown in Figure 25. 
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Pavement. Concrete, Breaking, Full-Depth 

For full-depth, cast-m-place concrete repair operations, the 
hydraulic ram proved to be an effective and quick tech
nique for breaking out full-depth concrete Performed by 
one man, this task could start as soon as traffic control was 
established 
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Figure 24 Concrete sawing 
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Also observed in a full-depth concrete breaking opera
tion was a crane-supported drop hammer. Although more 
productive than the hydraulic ram, it also was less accu
rate Where a repair area was not defined by a full-depth 
saw cut, air hammers were required to break concrete in 
the perimeter area of the repair. 

Models for each technique were developed Thus, 

(Inuilli 

tlro|i litiiiinior 

2 5-1- 0.07A 
: 3.5 -t- 0.05A 

where A is repair area (sq ft) The time required to break 
a 12-ft by 12-ft repair area of 9-in. concrete pavement is 
approximately 12 min. Figure 26 shows a plot of both 
models 

Pavement, Concrete, Cut, Full-Depth with 
Wheel Cutter 

The wheel cutter offers a technique for cutting expansion 
joints or relief joints in concrete pavements in a single pass 
The equipment is self-propelled within the work site areas. 
The standard time is a function of linear feet cut Thus, 

r.,„u.ro.o = 3 . 5 - f 0 33L 

where L is length of cut (ft) . Thus, a full-depth concrete 
cut 3'/2 in. wide and 12 ft long can be made in approxi
mately IVi mm. Figure 27 shows the time curve for cut
ting concrete pavement 

Pavement, Concrete, Breaking and Removal, 
Partial-Depth with a Percussive Cutter 

The percussive cutter chips away concrete, thus combining 
the cutting and material removal operation. This equip
ment IS capable of cutting up to a 4-sq-ft area, 4 in deep 
when 11 percussive cutting heads are operating. The stan
dard time for the equipment is a function of the volume of 
the cut and the number of percussive heads Thus, 

T = 3 5 -\-2\\{V/PH) 

where V is concrete volume (cu ft) and PH is percussive 
heads (number). Thus, the equipment will cut a 16-sq-ft 
area, 2 in deep, in approximately 50 mm A plot of the 
model with 11 percussive heads operating is shown in 
Figure 28 

Pavement, Concrete, Removal, Partial-Depth 

For a man using a shovel to remove concrete after it has 
been broken by an air hammer, a model was developed 
Thus, 

T = 1 04- 6 33V 

where V is volume (cu ft) . Observed partial-depth patches 
ranged from V2 m to 4 in deep and from 2 to 20 sq ft in 
area For a volume of 2 cu ft, the required removal time 
IS approximately 14 mm The time-volume relationship is 
shown in Figure 29 

Pavement, Concrete, Removal, Full-Depth 
For a front-end loader or hydraulic hoe removing full-
depth broken concrete, a model was developed' 

T = 2.5-1-0.1 I F 

where V is volume of broken concrete (cu ft) . As an 
example, approximately 13'/i mm would be required to 
remove 100 cu ft of broken concrete from a full-depth 
repair site. The model is shown in Figure 30. 

Base Material, Compacting, Mechanical 

A gasoline-powered hand tamper was used to compact 
pavement base material at observed full-depth repair sites. 
The standard time was found to be a function of the repair 
area Thus, 

T = 20 + 004A 

where A is patch area (sq ft) For a 12-ft by 14-ft patch, 
the model predicts 9 mm would be required to complete 
the compaction task. A graphic representation of the model 
IS shown in Figure 31 

Pavement, Concrete, Prepare Base, 
Full-Depth, Manual 

Following the mechanical removal of broken concrete in a 
full-depth pavement repair, it was necessary to finish the 
preparation of the repair site manually with hand shovels 
Two different standard time models were developed, one 
following a front-end loader operation and the second fol
lowing a backhoe. In both models time is a function of the 
repair area and the number of men working within the 
patch area with shovels Thus, 

7"f.o„.-..„.i inn,,..,. = 22 0 -1- 0 037(A/C) 
r , „ , o K b « e = 14.0 + 0 .037(/ t /C) 

where A is patch area (sq ft) and C is crew size (men). 
For a 300-sq-ft area and a three-man crew, it would take 
26 mm to finish preparation following a front-end loader 
and 18 mm following a backhoe 

Figure 32 shows the model for a range of crew sizes 
following a front-end loader. The same range is shown in 
Figure 33 for the model based on following a backhoe 

Pavement, Concrete, Edge Forming, Full-Depth 

Frequently, it is necessary to construct a form for an open 
side of a concrete pavement repair site prior to placing new 
concrete The observed time required to perform this op
eration was found to be a function of the length of the 
form required and the crew size The task was limited to 
the installation of the form Cutting or prefabrication re
quirements were accomplished prior to occupying the work 
site and were not a part of the task Thus, 

7 = 1 5 4 - 1 64(Z. /C) 

where L is length of forming (ft) and C is crew size (men) 
A two-man crew forming a 24-ft-long concrete pavement 
edge would require about 18 min This relationship is 
shown in Figure 34 

Concrete, Place, Partial-Depth 

This technique involved placing ready-mix concrete in pre
pared partial-depth patch sites The operation included 
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Figure 25 Partial-depth breaking of concrete with air hammers 
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Figure 26 Break concrete full-depth 
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Figure 27 Concrete pavement cut, full-depth with wheel cutter 
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Figure 28 Break and remove concrete for a partial-depth con
crete repair with a percussive cutter 
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Figure 29 Remove broken concrete in a partial-depth repair 
site with a hand shovel 
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Figure 30 Remove full-depth broken concrete pavement with a 
front end loader or a hydraulic hoe 

dischargmg mixed concrete mto the patch site and com-
pactmg by one man usmg a vibrator The standard time is 
a function of the volume placed m a 1- to 4-in -deep patch 
site Thus, 

r = 0 5 - f 0 56(^' /C) 

where C is crew size (men) and V is volume (cu ft) Based 
on the model, about 7 mm would be required for one man 

to place 12 cu f t of concrete Figure 35 shows a plot of the 
model for the range observed. 

Concrete, Place, Full-Depth 

Standard time for full-depth placement of ready-mix con
crete, including the initial strike-off, was based on the con
tinuous discharge of concrete from a ready-mix truck. The 
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model is a function of the volume placed and the size of 
the placement crew. Thus, 

7' = 2 5 - f 0 2 0 ( F / C ) 

where V is volume of concrete (cu ft) and C is crew size 
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following removal of broken concrete with a front-end 
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Figure 33 Manual preparation of base at a full-depth concrete 
patch site following removal of broken concrete with a back hoe 

With a four-man crew, 200 cu ft of concrete could be 
placed in approximately 12 min 

This model is shown in Figure 36 for a range of crew 
sizes. 

Pavement, Concrete, Hand Mix and Place, 
Partial-Depth 

A standard time was developed for batching, mixing in 
wheelbarrows, and shoveling concrete into place in partial-
depth patch areas The model was developed by combin
ing requirements for each of the components of the tech
nique Thus, 

r = 8 00-t-0 9 7 K - | - 0 27F'' 

where V is volume placed (cu ft) Batching, mixing, and 
placing a 2'/2-cu-ft concrete patch requires about 15 mm 
Figure 37 shows the relationships for a range of small batch 
sizes. 

Concrete, Batch, Mix and Place, Partial-Depth 

Standard times also were developed for batching, mixing in 
mortar mixer, and placing concrete in partial-depth patches 
Thus, 

r = 9 0 - | - 0 9 7 K 

Batching, mixing, and placing 3 cu ft of concrete requires 
about 12 mm The time can be reduced by about one-third 
if materials have been pre-portioned (usually bagged in 
premixed units of 1 cu ft) so that they can be batched 
directly at the job site. Figure 38 shows both conditions 
for a range of placements. 

Pavement, Concrete, Hand Finish, Small Patch Areas 

Standard time data were developed for the use of hand 
floats, trowels, and brooms to smooth, finish, and texture 
partial-depth concrete patches The standard time is a 
function of the area finished and the crew size in the model 
Thus, 

r = (2 .5-f 0 17.4 )/C 

where A is patch area (sq ft) and C is crew size (men). 
For a 12-sq-ft patch, one man would require approximately 
4Vi min to finish a new concrete surface Figure 39 shows 
the model plotted for a range of applicable crew sizes 

Pavement, Concrete, Finish and Texture, 
Large Patch Areas 

Standard times were developed for the use of bull floats, 
hand trowels, and a burlap drag to finish and texture con
crete. The model is a function of area and crew size. Thus, 

T= 16.5-f 0 . 0 6 6 ( ^ / 0 

where A is area finished (sq ft) and C is crew size (men). 
Two men can finish a 40-sq-ft area in approximately 30 
min. Figure 40 shows the model plotted for a range of 
crew sizes. 
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Figure 35 Place ready-mix concrete for partial-depth patch. 
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Figure 36 Place concrete from ready-mix truck into a full 
depth patch 
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Figure 37 Batch, mix, and place concrete from a wheelbarrow 
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Figure 38 Batch, mix, and place concrete in partial-depth repair 
site using mortar mixer. 
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Figure 39 Hand finish and texturize a small concrete patch 
surface 

60 

Concrete, Spray Curing Compound 

This technique consisted of one man with a hand spray 
pressure tank applying a concrete curing compound. The 
standard time is a function of the concrete surface area as 
shown m the model (Fig 41) . Thus, 

T = 0.5 -I- 0.024/4 

where A is concrete surface area (sq ft) A 200-sq-ft con
crete patch would require slightly more than 5 mm to cover 

Concrete, Apply Burlap Curing Cover 

This technique consisted of a two-man team placing 12-ft 
by 2-ft burlap strips in a double-layer thickness over a 
concrete pavement patch. The standard time is a function 
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of patch area and the number of crew members. Thus, 

r = 2.5 + 0 036.4/C 

where A is concrete patch area (sq ft) and C is team crew 
size (men) Four men can cover a 12-ft by 25-ft patch in 
about 5 min. This relationship is shown in Figure 42 for 
a range of teams. 

Concrete, Clean Joints 

Two different cleaning techniques were observed for clean
ing concrete construction joints In one procedure, loose 
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Figure 40. Finish and textiinze a large concrete patch surface 
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Figure 42. Place burlap curing strips over concrete patch area 
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joint material was stripped from the joint with a hook 
This was followed by a mechanical router that removed 
the remaining material. 

In the second procedure, the joint material was removed 
almost entirely by a pick. A wire brush was then used to 
clean the edges. In both techniques, the joint was blown 
clean prior to the application of new sealant. A mean stan
dard time was established for each joint cleaning technique. 
The following models are designed to reflect the time for 
two men in a sequential joint cleaning operation. 

r„,„„ = 2.00 + 2 74/ -1- (D/150) (/ - 1) 

r „ „ k = 2.5 -I- 3.707 -I- (D/150) (/ - 1) 

where T is operation time (mm), / is number of 12-ft 
joints, and D is distance between joints (ft) . To clean 100 
joints, with a 50-ft joint spacing, will require two men 
approximately 6 hr using a router and 6% hr using a pick. 
A range of joint spacings is shown in Figure 43 for the 
router and Figure 44 for the pick. 

Pavement, Concrete, Seal Joint 

Two techniques were observed for this task Hand-held 
cornucopias and pressurized asphalt kettles were used for 
applying joint sealants A number of variables govern the 
time required to seal one joint. Among these variables are 
the length of the joint, the discharge rate of the sealant, the 
number of times each joint is covered, and the time re
quired for the sealant to seep into the joint between passes 
The viscosity of the sealant and the width of the joints both 
affect time between passes The following standard time 
models reflect the time required for two men to seal joints 

.„ ,„u „ p i , = 6.5(/> - 1) -)- 0 QAKLPV + (D/150)(y - 1) 

r„ro,M.riz...i = 6 5(/' - 1) 4- 0.024(LP)7 + (D/150)(/ - 1) 

where D is distance between joints (ft) , L is length of joint 
(ft) , P IS number of passes per joint, and J is number of 
joints When the joint spacing is 50 ft, the moving time is 
equal to 0 33 min Based on two passes per 12-ft joint, the 
time required to seal 150 joints is 290 mm (4 8 hr) using 
a cornucopia and 210 min (3 5 hr) using pressurized equip
ment Figure 45 shows the time in hours as a function of 
the number of joints at 50-ft spacing for both techniques 

Mean Standard Times 

Mean standard times were established for a number of 
other observed tasks and are given in Table 2 

T A B L E 2 

M E A N S T A N D A R D T I M E S F O R V A R I O U S T A S K S 

STANDARD 
T I M E 

TASK ( M I N ) 

Place preassembled contraction joint assembly 8 6 
Batch and mix concrete in a mortar mixer 5.7 
Batch and mix epoxy m mortar mixer 13.3 
Install 12-in pre-formed expansion filler 9.3 
Establish road closure (three men) 15 0 
Drill concrete with air hammer 4.8 
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CONCLUSIONS 

Improvements in managing the entire maintenance 
activity showed the greatest potential for significant 
reduction of roadway occupancy time by maintenance 
crews. 

Major opportunities for improvements were in the areas of 

1. Selection of maintenance techniques best suited to 
carrying out the activity. 

2. Organization of the activity by task with manpower 
assignments and scheduling preplanned and designated. 

3. Job-site supervision and control. 
4. Equipment selection, readiness and reliability. 

These management procedures are discussed in detail in 
Chapter Three, "Application and Use of Findings." 

100 
12'JOINTS (NUMBER) 

Figure 43 Clean concrete contraction foinls with router 

2 0 0 

25 SO 79 100 
NUMBER OF JONT8 

ISO 

100 

12'JOINTS (NUMBER) 

2 0 0 

Figure 44 Clean concrete contraction loints with pick and brush 

Figure 45 Seal concrete pavement transverse 7 2 - / / joints that 
are 50 ft apart, making two passes with pressurized asphalt 
kettle or cornucopia. 

CHAPTER THREE 

APPLICATION AND USE OF FINDINGS 

Aside from eliminating delays and reducing curing time, 
the major area for reducing roadway occupancy time for 
maintenance activities is in the performance of the work 
The bulk of the data collected and the findings included in 
this report are directed toward improving work techniques. 

PROCEDURES 

A procedure was developed for preplanning a maintenance 
activity It allows the best available techniques to be in
corporated into an operational plan designed to accomplish 
the required work as quickly as possible. The procedure 
uses data on techniques and standard times to perform each 

task in a maintenance activity This information, together 
with a crew balance chart, permits the occupancy time for 
a combination of selected techniques comprising a main
tenance activity to be determined and alternative proce
dures evaluated. 

Selection of Maintenance Techniques 

It IS necessary to determine the tasks that will be required 
m performing the planned maintenance work. For each 
task, a technique can be selected that is compatible with the 
equipment, men, and materials available to the maintenance 
organization performing the work. Further, it can be the 
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quickest technique practical for the workload being con
sidered The techniques described in this report offer a 
hmited pool from which to draw for each task 

Computation of Technique Worit Time 

A standard time model was developed for each of the tech
niques included in Appendix Table F-1 The required time 
can be computed for each of the techniques In most cases 
the workload and crew size must be used to make the 
calculations 

Modification of Techniques for Efficiency 

Associated with each technique included in the report is an 
efficiency factor based on observations of good practice, 
and on information in the literature related to reasonable 
levels of work efficiency In general, efficiency for mecha
nized and short-duration tasks is high, whereas longer man
ual activity has been set at 80 percent Each computed 
technique work time should be divided by its efficiency 
factor to produce a realistic projection of required work 
time 

Organization of Activity by Task 

After the tasks within the activity are identified, they can 
be arranged in an orderly time sequence, and overlapped to 
the extent possible, to reflect opportunities to work on sev
eral tasks concurrently, or to initiate a new task prior to the 
completion of a preceding task. This scheduling can be 
achieved by preparing a crew balance chart where the crew 
members and tasks can be plotted on a time scale. 

Development of Crew Balance Chart 

The standard times computed for each technique can be 
plotted on the crew balance chart Appropriate traffic con
trol times and cure times, where applicable, also can be 
plotted After the crew chart is drawn, opportunities for 
further refinement may become evident In some cases, the 
crew size may be decreased by rescheduling the work as
signments with little or no effect on the occupancy time 
Reassigning or alternating onerous duties between crew 
members may result m a better balanced workload and may 
minimize fatigue as a factor in crew efficiency. Variations 
in crew size and crew member assignments can be experi
mented with until a satisfactory organization for the ac
tivity has been achieved The final crew balance chart will 
indicate the total roadway occupancy time to be expected 
for the planned activity. 

Examination of Alternative Techniques 

It IS possible to evaluate new or innovative techniques by 
substituting these techniques in the crew balance chart, and 
analyzing the effect on both time and crew requirements 
for the activity. Thus, the standard data approach to plan
ning maintenance activities permits an activity to be struc
tured to satisfy a given set of objectives, conditions, and 
constraints. 

EXAMPLE OF PUVNNING PROCEDURE 

To illustrate the application of the activity planning pro
cedures outlined in the foregoing discussion, the following 
example is offered. 

Assume that it is necessary to make a full-depth con
crete pavement repair on a four-lane divided highway 
where peak-hour traffic flows must not be restricted. Oc
cupancy time, then, is restricted to the hours between 
9 30 AM and 3 30 PM The repair area will include a con
traction joint and one pavement lane extending 6 f t on both 
sides of the joint The pavement thickness is 10 in The 
initial crew size should be the minimum feasible and will be 
based on technique requirements 

Step 1 Tasks must be identified. This activity will re
quire the following tasks 

1 Set up and remove work zone materials and traffic 
controls. 

2 Identify, locate, detect, or delineate areas of deterio
rated material to be removed 

3. Cut, grind, mill, plane, or break deck or pavement 
materials 

4 Remove broken or disintegrated deck, pavement, or 
base material. 

5. Clean, dry, prepare patch area or surface area. 
6 Prepare and place forms, screeds, or other material-

controlling devices. 
7. M I X and place patching, surfacing, or sealing materials. 
8. Compact, vibrate, screed, or finish patching or sur

facing material 
9 Apply curing or blotting material. 

Step 2. Techniques selected for performing the required 
tasks are given in Table 3. For each technique, a standard 
time must be computed In this example, the number of 
equipment units requiring drivers is five so the crew mini
mum is set at 5 men Standard times or models are ob
tained from Appendix Table F-1. The following quantities 
must be used to compute standard times-

1. Saw area. 
2. Patch area. 
3. Patch volume. 

Assume that a 2-in -deep transverse saw cut at each end of 
the repair area will adequately delineate the repair area. 
Thus, 

A, = 2lV(D/\2) 
= 2 X 12X?^2 = 4 s q f t 

in which Ag = area of saw cut (sq f t ) ; W — transverse 
pavement width ( f t ) ; D = depth of saw cut ( i n ) . The 
patch area and patch volume can be computed: 

A=IVXL 
= 12 X 1 2 = 144sqft 

V= AX D/12 
- 144 X 10/12= 120cuft 

in which A — patch area (sq ft),V — patch volume (cu f t ) , 
W = transverse width ( f t ) ; D = pavement thickness (in ) , 
L = length of patch ( f t ) . The models are used to compute 
the standard time for each technique. 

Step 3. The standard times must be adjusted by efficiency 
factors from Appendix Table F-1 Each standard time is 
divided by an efficiency factor to produce the technique 
time shown in Table 3. 
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TABLE 3 

TECHNIQUE STANDARD TIMES FOR REPAIR OF FULL-DEPTH 
CONCRETE (Example Procedure) 

GROSS EFFI NET 
STANDARD T I M E CIENCY T I M E 

TECHNIQUE VALUE ( M I N ) FACTOR ( M I N ) 

Make perimeter cut with 
diamond saw 2.0 + 1 33A 7.32 1.00 7.32 

Break concrete with 
hydrauhc ram 25 + OOlA 12.58 0.95 13.24 

Remove concrete with 
hydrauhc hoe 2 5 + 0 11 V 15 7 0 95 16 53 

Manually prepare base 14 0-1- 0.037/4/C 15 33 0 80 19.16 
Place prefabricated joint 86 86 0.80 10 75 
Place ready-mix concrete 2 5-l- 0 20(F/C) 7 3 0 80 9 10 
Manually finish concrete 16 5 -1- 0 066(.4/C) 18 88 0 80 23 60 
Burlap cover to cure 2 5 + 0036{A/C) 3.80 0 85 4 47 

Step 4 The crew balance chart is prepared and plotted 
on a time scale to produce a picture of each crew mem
ber's time commitment to the activity The chart can be 
studied and restructured to improve the use of crew 
members 

PLANNED ACTIVITY DESCRIPTIONS 

Five frequently performed maintenance activities that re
quired substantial roadway occupancy time were. 

1. Partial-depth concrete pavement repairs 
2. Full-depth concrete pavement repairs 
3. Expansion joint repairs. 
4. Contraction joint sealing. 
5. Mudjacking. 

The analytical procedure using standard time data was 
employed to plan each of these maintenance activities. The 
resulting activity descriptions follow. For each activity, a 
time curve is presented to predict occupancy times for a 
range of workloads A precast, full-depth concrete repair 
also is presented because it eliminates the cure period asso
ciated with the cast-in-place repair and represents a promis
ing new technique for this activity 

ACTIVITr Pavement, Concrete, Patch, Fun'oeptti 

CONDITIONS Single s i t e , s ingle patch a r e a , cast in place 

SUMMARY OF TECHNIOUES 

Ful l -depth breakout, removal and replacement of a defect ive sec
tion of Portland cement concrete pavement using the following tech
niques 

Saw the l imi t s of the defect ive area with a concrete saw 

Break the concrete inside the l i m i t s of the saw cut with a ram 

Remove the broken concrete with a hydraulic hoe 

Manually remove the remaining debris and level the patch area 
with shovels 

Manually place a prefabricated j o i n t device 

Place re inforc ing mesh and ready-mix concrete 

Manually f i n i s h concrete with bull f l o a t s , trowels and edging 
too l s , drag with burlap 

Manually cover concrete with wet burlap 

The a c t i v i t y does not include yard preparation or travel to and 
from work s i t e 

CLASSlFlCflTlOri 
operators 

maintenance 
men 

MAXIMUM 

_2m_£_ 

EQUIPMENT 

DESCRIPTION 
Concrete saw (with d i a 

mond blade) 

Truck (with water tank 
and t r a i l e r for 
saw) 

Ram 

Hydraulic Hoe 

Dump trucks 

* ^s needed 

+ for hauling away 
broken out concrete 

APPLICA6t.E QUAHTITY RANGE 
MINIMUM 

inn ^ 

MATFRIAI 

water 

ready-mix p e c 

burlap (12' x 2" 
s t r i p s ) 

prefabricated j o i n t 
device 

re inforcing inesh 

acce lerat ing admix-

QCCUPAHI :Y TIME 
MINIMUM 

5-22 hours 
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DETAILED ACTIVITY DESCRIPTION 

This procedure i s structured for the repair of a loca l i zed area of 
deteriorated concrete at an i so lated s i t e With the ent ire crew pre
sent for the duration of the a c t i v i t y , they are a l l ava i lab le to per
form any of the required tasks or support work 

After the work s i t e i s zoned o f f . the perimeter saw c u t , the break

out and the removal operations are each performed by one man Three men 

remove any loose debris and level the subgrade with shovels Next, the 

prefabricated j o i n t assembly i s placed and secured by two men F i n a l l y 

the concrete i s placed, f i n i s h e d , and covered with burlap by four men 

The accelerated concrete i s allowed to cure for hours a f t e r which 

the work s i t e i s reopened to t r a f f i c 

Procedure 

1 T r a f f i c Control 

Set Up 
Cut 

Clean Up 
Cut 

zone o f f work s i t e 
with warning signs 
and devices 

remove concrete saw 
from transporting 
vehic le 

attach hose from 
water tank to the 
saw 

posit ion and s t a r t 
the saw 

saw 2 inch deep 
across the width of 
the lane perpendi
cular to the center-
l ine at the l imi t s 
of the defect ive 
section 

turn o f f saw 

detach water hose 

replace saw on 
transporting vehi
c l e 

5 Set Up 
Break 

7 Clean Up 
Break 

8 Set Up 
Removal 

11 

12 

Remove 

10 Clean Up 
Removal 

Set Up 
Level 

Level Subgrade 

13 Set Up 
Jo int Device 

14 Jo int Device 

15 Set Up 
P C C 

- posit ion the ram 
adjacent to patch 
area 

- fracture the con
crete inside the 
l imi t s of the saw 
cuts with the ram 

- move the ram away 
from the patch area 

- posit ion the Hydrau
l i c Hoe adjacent to 
the patch area 

• dig out broken con
crete with a hydrau
l i c hoe and load i n 
to hauling trucks 

• move hydraul ic hoe 
away from patch area 

• remove shovels from 
materials truck 

• manually remove 
loose debris and lev
el subgrade with shov
e l s 

• remove j o i n t device 
from materials truck 

' manually place a pre
fabricated j o i n t de
v ice and a l ign i t with 
the or ig ina l contrac
tion j o i n t 

secure the device in 
posit ion with metal 
spikes 

remove tools from mate
r i a l s truck 

add concrete acce lerator 
to the concrete in the 
ready-mix truck and mix 
as per manufacturer's 
s p e c i f i c a t i o n s 

Set Up 
P C C 
T c o K F ) 

16 P C C 

Clean Up 
P C C 

• posit ion ready-mix 
truck 

assemble the chute 
for the ready-mix 
truck 

remove re inforc ing 
mesh from materials 
truck and cut to 
the required dimen
sions 

s t a r t concrete v i 
brator 

i n -
- place a layer of 

concrete 6 to 7 
ches deep over en
t i r e patch area 

• posit ion concrete 
with shovels and 
concrete v ibrator 

- place re inforc ing 
mesh on f i r s t layer 
of concrete 

- place remaining con
crete over en t i re 
patch area unt i l i t 
IS s i i g h t l y above 
the level of sur
rounding pavement 

• s t r i k e - o f f the sur
face of the patch 
area with a 2" x 4" 

• remove excess or 
place addit ional 
concrete in front of 
the s t r i k e - o f f oper
ation with a shovel 
as needed 

discard excess con
crete o f f the road
way 

wash tools and re
turn them to mate
r i a l s truck 



9: 9! ^ ^ 

— o 

cr -t — a, 3- O C 
3 S 

O O 
-t. O Oi 

»̂  o 

— TJ 

— 3 
o -1 
ID n cb 

I a. re 

Q. a. 

5 5 

O O 

o a> 

3 n 
^ 1/1 
c re 

s-s 

n » c — 

o n 

|T1 <-> 
3 re* 

" 3 ii 

O Qt 

173 

3 i s a i ^ 

•a -h r 

o 5 

1 5 

2 
3 

16 

12 
72 96 120 144 168 

Figure 43 Roadwa:' occupancy t ine requirement for a s ing le 
. . recast s lab 

PATH AREA (SQUARE F E E T ) 
jcptn concrete ret 'air usinT a 

fft Ul ^ OI N — 

? r K m 5 » 
a s D 3 » 
m rt r' ^ 5( 

•RAFFI 
CO

N! 
'ASK 

E B
A

SE 
JO

IN
T 

PC
C 

— ^ -

c 

v ^ -

TIME (HOURSI 



30 

DETAILED ACTIVITY DESCRIPTION 

This a c t i v i t y includes a fu l l -depth perimeter cut , removal, and re
placement of a sect ion of deteriorated concrete pavement with a precast 
concrete slab After the t r a f f i c controls have been erected, a large 
diameter wheel cutter i s used to make a fu l l -depth , 4-inch wide perimeter 
cut around the patch area At the same t .ne , four l i f t holes are d n l l e o 
in the slab with an a't d r i l l The *;p!all tr iangular pieces of concrete 
not removed from the trench by the wheel cutter are broken loose with the 
a i r d n l l L i f t pins are inserted in the holes and the slab i s l i f t e d 
out with a crane Any debris ren.ajn7r,g in the ho'e i s reiTiOved with d 
backhoe Sand-cement mortar i s preparea in a mortar mixer and placed in 
the hole to a depth of approximately one inch The correct e levation ot 
the surface of the mortar is obtained with a s t r i k e - o f f frame and bar 

L i f t pins are inserted into the precast slab and i t i s l i f t e c into 

place with a c i a r c The j o i n t s are f i l l e d w u h liberboard and sealed 

with rubberized asphalt The j o i n t s are covered with blott ing sand and 

the s i t e IS reopened to t r a f f i c 

Procedure 

1 T r a f f i c Control - zone o f f the work 

Set Up 
Trench 

Clean Up 
Trench 

Set Up 
D r i l l 

s i t e with wa'-nirg 
^i^ns -nd devices 

• dr ive wheel cutter 
o f f of I t s t r a i l e r 
and into posit ion 

• set up s t r i n g l i n e s 
across pavement to 
d irec t wheel cutter 

• cut a 4 inch pres
sure r e l i e f trench 
around the perimeter 
of the patch area 
with a wheel cutter 

• drive wheel cutter 
onto I t s t r a i l e r 

• remove d r i l l from 
storage bin 

D r i l l 

attach a i r hose 

s t a r t a i r compressor 

d r i l l 4 l i f t holes 
( I S inches diameter) 
in the defect ive 
slab 

break out the wedge 
of concrete remain
ing in the trench 
a f t e r the wheel cut
ter IS f in i shed 

turn o f f the a i r 
compressor 

return d r i l l to the 
storage bin 

position crane and 
hauling truck on 
roadway or shoulder 
adjacent to patch 
area 

inser t and secure 
l i f t pins 

attach chains from 
crane to the l i f t 
pins 

l i f t out the defec
t ive s lab and place 
on a hauling truck 

detach chains and re 
move l i f t pins 

10 Set Up - posit ion backhoe on 
Prepare Subgrade roadway adjacent to 

patch area 

7 Clean Up 
D r i l l 

Set Up 
L i f t 

11 Prepare 
Subgrade 

remove remaining de
br i s from patch area 
with a backhoe 

12 Clean Up - move backhoe 
Prepare Subgrade 

Set Up 
Mortar 

Place 
Mortar 

Clean Up 
Mortar 

16 Place 
Precast Slab 

- remove s t r i k e - o f f 
frame from mate
r i a l s truck 

- posit ion s t r i k e - o f f 
frame over the patch 
area 

- f i l l buckets with 
sand and cement 

- s t a r t mortar mixer 

- combine and mix sand 
and cement and water 
in the mortar mixer 

- place the sand-ce
ment mortar in the 
patch area 

- posit ion the mortar 
with shovels 

- set the mortar e l e 
vation with a s t r i k e -
o f f bar 

- remove excess mortar 
with shovels 

- remove the s t r i k e -
of f frame and return 
I t to the materials 
truck 

- screw l i f t pins into 
the threaded l i f t 
holes in the precast 
s lab 

- 1 i f t the precast 
slab and lower i t i n 
to the patch area 

- adjust the plane of 
the slab such that i t 
IS p a r a l l e l to the 
surface of the mortar 
This i s accomplished 
by a l t e r i n g the 
length of the chains 
with ratchet type 
chain binders 

16 Place 
Precast Slab 
(cont) 

Clean Up 
Precast Slab 

18 Set Up 
Jo ints 

F i l l 
Jo ints 

20 Blot 

21 Clean Up 
Joints 

manually a s s i s t the 
placement of the 
slab with crowbars 

inspect the a l i gn 
ment of the s lab r e l 
at ive to the adja
cent pavement with a 
s tra ight edge 

• detach the l i f t pins 

secure the l i f t chains 
to the crane 

move the crane 

• remove f iber j o i n t 
f i l l e r from mate
r i a l s truck 

• position asphalt ket
t l e adjacent to 
patch area 

' f i l l cornucopia with 
hot asphalt 

• place f iber j o i n t 
f i l l e r in the two 
transverse j o i n t s 

' f i l l the longitudinal 
j o in t s with cement 
mortar to within 2 
inches of the surface 

• restore shoulders in 
kind 

• seal the j o i n t s and 
the l i f t holes with 
hot poured rubber
ized asphalt 

- manually broadcast 
blot t ing sand over 
the j o i n t sealant 

• remove debris from 
roadway with a broom 

- move equipment 
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22 T r a f f i c Control remove warning signs 
and devices 

K E Y 

TRAFFIC 
CONTROL 

1 1 TASK 

1 CUT 
2 REPOSITION 
3 DRILL HOLES 
4 DRILL EXCESS 
5 REMOVE SLAB 

PRERtRE BASE 
WITH BACKHOE 

7 HAND PREPARE 
BASE 

g MIX a PLACE MORTAR 
PLACE PRECAST 
SLAB 

10 PLACE FIBER 
II SEAL 
12 BROADCAST SANO 

CREW MEMBER 

_5 

CI] 

• -1 
I 

J1 1 
1 , i 

r. •* • 
a 

I 55-1 

15 

\ \ . I iig 'I' t^io^j^t con-

ACTIVITY Bridge Deck. Concrete, Patch, P a r t i a l Depth 

CONDITIONS Single s i t e , cast in place 

SUMMARY OF TECHNIQUES 

Locat ion , part ia l -depth removal, and replacement of loca l ized 
areas of deteriorated Portland cement concrete bridge deck using the 
following techniques 

Locate exact perimeter of delamination by sounding with hammer 
and mark with keel 

Saw cut perimeter of patch to a depth of 1 inch 

Break out delaminated concrete with a 2>i inch ch i se l b i t attach
ed to a 60 pound a i r hammer 

Remove debris from patch area with shovel 

Blow patch areas clean with compressed a i r 

Mix epoxy tack coat 

Mix fas t se t t ing mortar in mortar mixer 

Apply epoxy tack coat with paint brush 

Place mortar 

Manually f i n i s h with hand f loat and texturize with broom 

maintenance 
men 

MEN 
C L A S S I F I C A T i n N ML 

APPLICABLE 0 
HA)(IHUM 
10 S F 

RESflllRf.FS RFflllfRFn 
EQUIPMENT 

OESCRlPTIflN 

60 pound a i r hanrner 

a i r compressor (150 CFM) 

60 horsepower concrete 
saw 

mortar mixer (truck mount 
ed) 

crew truck 

shovel 

hand f loats 

s tree t broom 

materials truck 

H/AHTITY m^i MINIMUM 

nrsFRiPTinN 

fas t sett ing cement 

sand 

water 

MAXIMUM 
nCCUPANI Y TIMF 

MfNTMMM 

i 5 h9^^rs 

(SdOOH) 3WU A 3 N « d n 3 3 0 AVMQVOd 

< 
UJ 
a: 

a . 
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DETAILED ACTIVITY DESCRIPTION 

This i s a three-phase a c t i v i t y which i s su i tab le for a number of 
repair locations on a bridge deck The ent ire crew zones o f f the work 
s i t e prior to beginning Phase One 

Phase One cons i s t s of l oca t ing , marking and sawing the perimeters 

of the patches The second phase, which cons i s t s of break out and re 

moval of delaminated concrete and the cleaning of the patch a r e a , begins 

when the f i r s t patch has been sawed Phase Three cons is ts of mixing and 

applying epoxy bonding m a t e r i a l , mixing and placing of mortar, and f i n 

ishing and t e x t u n z m g the surface of the patch When the l a s t patch 

IS blown clean the only remaining operations of the th ird phase are ap

plying epoxy bonding m a t e r i a l , placing the mortar, f i n i s h i n g , and tex-

t u n z m g of the la s t patch 

The clean up for the th ird phase i s completed during the necessary 

cure time When a l l the patches have cured, the work s i t e i s reopened 

to t r a f f i c 

Procedure 

T r a f f i c Control - zone o f f work s i t e 

PHASE I 
Procedure 

1 I n i t i a l - remove saw from 
Set Up truck 

- connect water hose 
to saw 

- turn on water 

- s t a r t saw 

2 Hark - locate perimeter of 
patch by sounding 
with hanmer 

- mark perimeter with 
keel 

3 Saw - saw perimeter of 
patch to a depth of 
one inch 

Recycle 

F ina l 
Clean Up 

PHASE I I 
Procedure 

1 I n i t i a l 
Set Up 

Set Up 
Break 

Clean Up 
Break 

Set Up 
Blow Out 

Blow Out 

7 Clean Up 
Blow put 

8 Recycle 

9 F ina l 
Clean Up 

repeat steps 2 and 
3 for each patch 

turn o f f saw 

turn o f f water 

disconnect water 
hose from saw 

return saw to truck 

remove airhose and 
harnner from stor
age bin 

attach airhose to 
hammer 

switch on a i rva l ve 

break out delami
nated concrete with 
2b inch ch i se l b i t 
attached to 60 
pound harnner 

switch o f f a i r valve 

disconnect airhose 
from hammer 

switch on a i rva l ve 

use airhose to blow 
concrete chips and 
dust from patch area 
and adjacent bridge 
deck 

switch o f f a i rva lve 

repeat steps 2 thru 
7 for each patch 

return airhose and 
hammer to storage 
bin 

PHASE I I I 
Procedure 

1 I n i t i a l 
Set Up 

2 Set Up 
Mix Hortar 

3 Mix Epoxy 

4 Mix Mortar 

5 Apply Tack 

6 Place 

7 F i n i s h 

8 Return 

9 Recycle 

s t a r t mortar mixer 

• f i l l bucket with 
sand, cement and 
water 

• f i l l buckets with 
proper quant i t ies 
of the two epoxy 
components 

• manually mix the 
components 

• charge mortar mixer 
with p r e f i l l e d buck
ets of sand, cement 
and water 

- allow mortar to mix 

- spread coat of epoxy 
bonding material on 
surface with brush 

• dump mortar from 
mixer into wheel
barrow 

- place mortar from 
wheelbarrow into 
patch 

- f i n i s h mortar with 
hand f loats 

- texturize surface by 
dragging with s tree t 
broom 

- repeat steps 5 thru 
7 unt i l one batch of 
mortar has been used 

- repeat steps 2 thru 
8 for next batch of 
mortar 

10 F ina l 
Clean Up 

r inse mortar mixer 

r inse hand f loats 
and s tree t broom 

clean epoxy mixing 
bucket 

clean epoxy spread
ing brush 
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K E r 
I TRAFFIC 
' CONTROL 

I I TASK 

MARK 
SAW 
BREAK 
REMOVE 
BLOWOUT 
MIX a PLACE 

EPOXY 

MIX a PLACE PCC 
FINISH 

CREW MEMBER 

U R , E 

uie 51 Crew balance cnart for riakiny ttiree 1 s' jujre foot , )arLial 
n concreLe bi i Jge dect l e . a i r s 

ACTIVITY Pavement. Concrete. Mudjack 

CONDITIONS One s i t e , f i ve holes 

SUMMARY OF TECHNIQUES 

Raising a se t t l ed Portland cement concrete s lab or f i l l i n g a void 

beneath s lab with cement grout using the following techniques 

D r i l l mudjack holes with hand-held a i r d r i l l s 

Blow holes clean with compressed a i r 

Prepare grout in a combination mixer and mudjack machine 

Pump grout from mudjack machine into the d n t l e d holes 

Inser t plugs into adjacent mudjack holes 

HEN 

maintenance 
men 

EQUIPMENT 
DESCRIPTION 

i i r d r i l l s ( I S Inch 

a i r compressor 

•later tank 

:ombination mixer and mud
jack pump 

162 CF 

MATERIAL 
DESCRIPTION 

Portland cement 

s o i l (within A-4 

c l a s s i f i c a t i o n ) 

water 

wetting agent 

OCCUPANCY TIME 
HINIHIM 

U 
S 3 
u 

4 

O 

DETAILED ACTIVITY DESCRIPTION 

This a c t i v i t y includes laying out and d r i l l i n g the mudjack holes 

followed by the mixing and pumping of the mudjack grout beneath the pave

ment After the t r a f f i c controls have been erected, the foreman deter

mines and indicates the location of each hole on the pavement with keel 

Two men perform the d r i l l i n g with hand-held d r i l l s While the holes are 

being d r i l l e d , two men prepare the mudjack machine and mix the grout 

When the pumping begins, two men operate the mudjack machine, handle the 

nozzle and inser t plugs into any of the holes emitting grout The other 

two men shovel additional material into the mudjack machine hopper 

Procedure 

1 T r a f f i c Control - zone o f f the work 
s i t e with warning 
signs and devices 

2 Locate - mark the location of 
each hole with keel 

- remove a i r d r i l l s 
from storage bin 

- attach compressor 
a i r hoses to d r i l l s 

- switch on a i r valve 

- walk to keel marks 

- d r i l l holes through 
the concrete s lab 

- walk to compressor 

- turn o f f a i r valve 

- detach a i r hoses from 
d r i l l s 

- replace d r i l l s In 
storage bin 

- attach a i r cleaning 
devices to a i r hoses 

- switch on a i r valve 

- walk to holes 

Set Up 
D r i l l 

Clean Up 
D r i l l 

Set Up 
Blowout 
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7 Blow Out 

8 Clean Up 
Blow Out 

9 Set Up 
Pump 

10 Pump 

Clean Up 
Pump 

blow out debris 
from each hole with 
compressed a i r 

walk to compressor 

disconnect cleaning 
devices from a i r 
hoses 

replace a i r c lean
ing devices in the 
storage bin and re
turn a i r hoses to 
take up ree ls 

place s t r i n g 1 me 

attach hoses to mud-
jack machine 

mix grout in spec i 
f i ed proportions in 
mudjack machine 

wedge mudjack hose 
nozzle into hole and 
pump grout 

a l ternate pumping 
between the holes as 
determined by the 
foreman 

shovel addit ional 
grout components into 
the mudjack hopper 
as needed 

insert plugs in holes 
that begin discharg
ing grout 

inspect the ra i s ing 
of the s lab with the 
s t n n g l ine 

remove excess grout 
from the pavement 
with shovels and wa
ter hose 

remove plugs from 
mudjack holes 

Clean Up 
Pump 
(cont) 

12 T r a f f i c Control 

pump any grout re 
maining in the mac
hine o f f the road
way 

pump water through 
the mudjack machine 

return hoses, plugs 
and tools to the 
materials truck 

remove warning signs 
and devices 

KEY 

• TRAFFIC CONTROL 

I I TASK 

LAYOUT HOLES 
PLACE STRINGLINE 
DRILL HOLES 
BLOW OUT HOLES 
MIX a PLACE SLURRY 

CREW MEMBER 

11̂  

" c Dal • ic, 101 rll 1.1 ic irl I i n o CO'U 

ACTIVITY Pavement, Concrete, S e a l , Jo int 

CONDITIONS One s i t e , contraction j o i n t s 

SUMMARY OF TECHNIQUES 

Cleaning contractions j o i n t s of debris and f i l l i n g with r u b b e n z e J 
asphalt using the following techniques 

Clean contraction j o i n t of l i v e material with hook 

Clean j o i n t with gas-powered router 

Blow j o i n t clean with compressed a i r 

Seal j o i n t with rubberized asphalt from a pressurized asphalt 
ket t l e 

MEN 
f.lASSlFICATinfi Nil 
maintenance 

men 

BFSnilBrFS RFQUIBED 

nrSFBlPTlflN 

trucks 

a i r compressor 

pressurized asphalt ket t l i 

router 

cleaning hooks 

APPI ICARI F n i l A N T l T V BaMr.F 

MAXIMUM 

'00 J ° ' " " 

M I M ' W M M 

^5 j o i n t s 

DESCBlgTION 

rubberized asphalt 

MINIMUM 

' 38 hours 
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ACTIVITr Pavement, Concrete, Repair , Jo int 

CONDITIONS Expansion j o i n t , 1 s i t e , four 12 foot long j o i n t s 

SUHMARY OF TECHNIQUES 

The i n s t a l l a t i o n of expansion j o i n t s in Portland cement concrete 
pavement using the following techniques 

Cut a 4-inch wide trench across the pavement and perpendicular 
to the center l ine with a wheel cut ter 
F i l l the j o i n t with a preformed f i l l e r 

Seal the j o i n t with rubberized asphalt using a hose and nozzle 
from a pressurized ket t l e 

Blot the rubberized asphalt with sand 

CLftSSlFlCATlQM 

« - '2 ' J ° ' " t s 

RF*;niiprF*; BF f | i iTBFn 
Fnir iPMFWT 

llF'if.RlPTinN 

wheel cutter 

trucks 

pressurized ket t l e 

broom 

APPI i r « B I F n i l A N T l T V RAHf.F 

MINlmiH 

HflTFBlAI 
nFSFRIPTinN 

rubberized asphalt 

f i l l e r 

sand 

n r n i P A M r v T I M F 

MA»1"IIM 

l.?7 I r s , ger Slltj 

OETAILEO ACTIVITY DESCRIPTION 

This procedure i s designed for i n s t a l l i n g 12-foot long expansion 
j o i n t s with 2 j o i n t s being done in one lane then changing the t r a f f i c 
controls to do the remaining 2 j o i n t s in the other lane The crew i s 
made up of 4 men with 1 man operating the cu t t er , 1 man seal ing the 
j o i n t s and the ent ire crew doing the other required tasks 

Procedure 

Set Up 
Cut 

4 Sweep 

5 Move 

6 Set Up 
F i l l 

9 Set Up 
Seal 

10 Seal 

remove cutter from 
t r a i l e r 

posit ion cut ter for 
the f i r s t cut 

cut a 4-inch wide 
trench across the 
pavement and one 
foot Into the adja
cent lane 

move cut ter to next 
Joint 

sweep area clean 

move to next j o i n t 

take preformed f i l l e r 
out of truck 

place and tamp pre
formed f i l l e r into 
the Joint 

move up to next 
j o i n t 

move pressurized ket
t l e up to Jo int 

adjust controls to 
correct se t t ing 

f i l l Jo int using 
hose and nozzle from 
ket t le 

12 Repeat 

13 T r a f f i c Control 

- move ket t l e to next 
j o i n t 

- repeat steps 1.2,4. 
6 ,7 ,9 ,10 for the 
second j o m t 

move the t r a f f i c con
t ro l s and equipment 
to the adjacent lane 
and repeat steps 1 
thru 12 

K E Y 

BB1 TRAFFIC CONTROL 

I I TASK 

^ MOVE 

1 CUT 
2 SWEEP AREA 
3 PLACE FIBER 
4 SEAL 
5 BLOT 

CREW MEMBER 

" • i j u r c 5C Crew b a ; n n c c c h a i t fof 'Jid^ma f o u r 12 foo^ cor -Cr^ t e - a / 
L.'x jan , i o n , o i n t l e r i a i r s 
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CHAPTER FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

CONCLUSIONS 

New and innovative methods for performing highway main
tenance were sought throughout the study to reduce road
way occupancy time A number of promising techniques 
were revealed in this search, but no potential breakthroughs 
were identified for most of the tasks studied Many of the 
new techniques involved special equipment, material, or 
circumstances not encountered in many maintenance 
activities 

Dependence in the short range on innovative material 
and equipment developments for occupancy time re
ductions offers less promise for most maintenance 
activities than do improvements m managing the 
work 

However, there are several developments that are suffi
ciently promising to merit current consideration by agencies 
performing on-the-road maintenance activities under high-
volume and/or high-speed traffic conditions 

One development is the use of precast or prefabricated 
units for pavement repair Prefabrication offers a number 
of significant potential advantages Quality control in a 
yard or shop environment can be exercised much more suc
cessfully than is often the case in the field Further, when 
poor quality does occur in prefabrication, the unit can be 
wasted without incorporating it in the pavement, the result
ing loss IS low and no occupancy time is attributed to the 
failure 

Prefabricated repair units can be prepared and stock
piled in anticipation of need. This results in a readiness to 
complete roadway repairs quickly when they are required 
It also permits maintenance crews to be used in shop or 
yard prefabrication at times when they might otherwise be 
nonproductive or less productive on field assignments (i e , 
during heavy rainfall or cold-weather periods between snow 
storms) 

Although the use of prefabricated partial-depth or full-
depth concrete pavement slabs still should be classified as 
experimental, sufficient data are available on these tech
niques to permit most maintenance agencies to advance 
their own procedures and capabilities to make use of them 
The significant occupancy time reductions made possible by 
prefabrication of repairs justify such efforts by maintenance 
managers 

Another development of importance in reducing occu
pancy time IS in the area of cutting hardened portland 
cement concrete Using air hammers and saws, this task 
has been time consuming and often imprecise The recent 
availability of large-diameter cutting wheels for full-depth, 
wide cuts in concrete slabs represents a new and useful 
capability to maintenance crews Also new is the precise, 
partial-depth cutting or "milling" capability represented by 
equipment now in use in England This type of controlled 

cutting away of deteriorated concrete makes the use of 
partial-depth prefabricated pavement slabs a practical time-
saving alternative to cast-in-place repairs. 

The field observations undertaken during the study 
revealed that an important potential exists for re
ducing roadway occupancy time through the in
creased use of basic project management principles 

The time spent on the road by observed crews exceeded 
the time that was necessary in most instances. The delay 
time occurring during the occupancy period often repre
sented a major portion of the total time Significant time 
savings could have been realized through changes in ob
served scheduling and sequencing of tasks. 

Field observation procedures developed and used in this 
study offer valuable tools for use by managers m reducing 
roadway occupancy time. 

Time-lapse photography has proved to be an eco
nomical, effective means of observing and capturing 
data on field procedures 

Commercial equipment providing complete camera and 
project systems, currently on the market for less than 
$2,000, can be used by technicians without extensive train
ing Maintenance activities covering an 8-hr period can be 
captured on 200 f t of 8-mm film, and the developed film 
shown for review in less than one hour Often, major op
portunities for improvements in activities are obvious to 
experienced managers by this first review 

The minimum expense involved in acquiring and using 
this photographic technique makes it a valuable and de
sirable tool for all maintenance agencies Where managers 
cannot go to the field, as is often the case, the time-lapse 
film can bring much of the field experience to the manager 
in an efficient, condensed form. 

Time-lapse photographic techniques also proved to be 
effective in obtaining time data on maintenance activities 
The film revealed the impact of equipment, material, and 
procedures on roadway occupancy time Time-lapse pho
tography provided a basis for careful, orderly analysis of 
procedures for productivity measurements and potential 
value in classroom training of supervisors and maintenance 
crews 

The system developed during the study can be used 
to organize a maintenance activity prior to the occu
pancy of the roadway and to predict the occupancy 
time that will be required. 

The system makes use of standard time data, established 
for each task in a maintenance activity, and permits reason
ably accurate predictions of roadway occupancy time for 
various activity configurations 

Although there are many variables that affect highway 
maintenance performance, managers recognize the neces-
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sity for careful planning of maintenance activities and the 
opportunity to control a significant amount of the mainte
nance program Management systems in most agencies are 
founded on the use of standards for performance of 
activities. 

Development of standard data for tasks carries this con
cept one step further than prior practice By standardizing 
individual techniques for performing tasks, these individual 
building blocks, with known dimensions of time, crew size, 
and equipment needs, can be used to construct an optimum 
procedure for a total activity under varying sets of con
straints The primary constraint in this study was occu
pancy time, but the standard data approach can respond 
just as readily to other constraints such as lowest unit cost, 
minimum crew size, or equipment limitations 

Data files or standards for tasks should be acquired by 
maintenance agencies Most standards will be common to 
agencies throughout the United States and cooperative 
efforts in developing them can be arranged 

SUGGESTED RESEARCH 

As indicated in the foregoing discussion, there are several 
important areas for further research and development that 
promise valuable returns in terms of reduced roadway 
occupancy time during maintenance 

1 The elimination or reduction of cure time would per
mit a major reduction in occupancy time for many neces
sary roadway maintenance activities. Continued research 
directed to quick-setting, strong, durable patching materials 
offers high payoff potential 

2 Prefabrication of repair units continues to require re
search Composition and configuration of precast concrete 
for handling, bedding, and bonding repair units with exist
ing pavements needs to be studied The techniques for 
providing load transfer need to be explored Procedures 
for preparing old pavement sections for precast inserts 
warrant further study also 

In the bituminous pavement field, the only prefabricated 

unit identified was the "band-aid" surface patch. Further 
study IS needed to determine the need for and utility of 
prefabrication of flexible pavement repairs 

3 Many research needs exist in the area of mechaniza
tion of maintenance tasks. Promising developments are 
already being applied to maintenance tasks in concrete cut
ting Research is being carried on in the use of sonic en
ergy, infrared heat, high-pressure water jets, and other 
means for cutting or breaking concrete Continued re
search efforts in these and other areas are warranted to 
achieve roadway occupancy time reduction—and to satisfy 
the growing need for noiseless, dustless, cutting techniques 
to meet environmental requirements 

Mechanization of material-handling tasks continues to 
need many improvements The custom-batching of ready-
mix concrete now possible is a recent development of much 
value in maintenance repair projects Similar equipment to 
produce small batches of hot-mixed bituminous concrete at 
the repair site could be equally useful 

4 Standard time data, developed during the study, 
proved valuable in planning efficient and productive ac
tivity procedures Development of standard time data cov
ering an entire range of maintenance tasks warrants serious 
consideration for future research. Such information would 
provide highway maintenance agencies with a uniform data 
base for developing productive and efficient work proce
dures covering any highway maintenance requirement A 
cooperative research effort in this area could establish uni
form procedures for presenting standard data and for col
lecting and computing the times, rates, and efficiencies used. 
The study could identify the variables influencing these 
values for given tasks and could develop models and curves 
representing these relationships 

Because the resulting standards would need to be up
dated regularly to accommodate new materials and equip
ment developments, the research should include the de
velopment of a system whereby reliable data could be col
lected and submitted by a maintenance agency to a central 
data file where computations and output of new standards 
could be distributed to all interested agencies. 
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APPENDIX A 
GLOSSARY 

ACTIVITY — Complete work program consisting of a num
ber of separate tasks producing an end-product or 
end-result 

TASK — The principle elements or subdivisions of an 
activity (For this project, the definition has been 
applied to a specific list of tasks that have been iden
tified and given code numbers ) The task list is in
tended to encompass all actions required to accom
plish any of the activities under study 

TECHNIQUE — A unique way of performing a given task 
OCCUPANCY T I M E — The total elapsed time during which 

a section of roadway is not available to traffic because 
of a maintenance activity. 

WORK ZONE — The section of a roadway enclosed by traffic-
control devices 

TRAFFIC CONTROL T I M E — The time required prior to the 
initiation of the other tasks and following the comple
tion of the other tasks during which the traffic controls 
are erected and removed 

CURE T I M E —The elapsed time between the completion of 
the other tasks and the initiation of the removal of 

traffic control, during which material curing takes 
place 

DELAY T I M E — An interruption in the work time when no 
crew member is working, e g., the crew takes a lunch 
break or awaits materials arrival 

WORK T I M E — Any time during roadway occupancy time 
when at least one crew member is working on a task 

PRODUCTIVE M A N - T I M E — The man-hours accumulated by 
crew members on the road during occupancy time 
actively working on a task. 

NONPRODUCTIVE M A N - T I M E — The man-hours accumu
lated by crew members on the road during occupancy 
time when they are not working on a task 

AVOIDABLE NONPRODUCTIVE M A N - T I M E — The nonproduc
tive man-time accumulated by crew members when 
work was available to be done 

UNAVOIDABLE NONPRODUCTIVE M A N - T I M E — The nonpro
ductive man-time accumulated by crew members when 
work was not available 

EFFICIENCY — Ratio determined by dividing actual produc
tive man-time by potential productive time (the sum 
of actual productive time plus avoidable nonproduc
tive time). 
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APPENDIX B 

QUESTIONNAIRES 

Two mailing questionnaires were developed during the 
project One was sent to elicit information from agencies 
and individuals performing street or highway maintenance, 
and a second was sent to manufacturers and suppliers of 
highway maintenance equipment and materials. 

Questionnaire 
NCHRP M-2 

BYRD, TALLAMY. MacDONALD and LEWIS 
"Techniques for Reducing Roadway Occupancy 

During Routine Maintenance Act ivi t ies" 

After reviewing the packet of maintenance techniques which accompanies 
this questionnaire, please answer the following 

1 Of the techniques shown, please l i s t any for which you have methods 
which w i l l better reduce roadway occupancy time 

Maint Tech No Comnent 

2 Do you have entirely different techniques to reduce roadway occupancy 
time for any of the following act ivi t ies 

Activi ty Corment 
a) Travelway patching 
d) Shoulder patching 
c) Travelway resurfacing 

and sealing 
d) Shoulder resurfacing 

and reconditioning 
e) Crack and Joint sealing 
f ) Mudjackmg and sub-

sealing , 
g) Bridge deck repairing 

I f you nave f i e l d directives, photographs or other l i terature on any of 
tne above, we would appreciate receiving copies i f available 

To obtain f u l l information on applicable maintenance techniques at a 
minimum of inconvenience to maintenance agencies, project team members 
may wish to place phone calls or arrange vis i t s to observe maintenance 
procedures Whom snould we contact in your agency for this purpose' 

Name (please pr in t )_ 
Ti t le 
Agency 
Address 

Phone Number 

Quest ionnaire 
NCHRP 14-2 

Byrd , Tal lamy, NacDonald and Lewis 
"Techniques f o r Reducing Roadway Occupancy 

During Routine Maintenance A c t i v i t i e s " 

1 Do you manufacture ma te r i a l s or equipment t ha t are c u r r e n t l y being 
used or tha t can be adapted f o r use by road and highway maintenance 
o rgan iza t ions f o r any o f the f o l l o w i n g maintenance a c t i v i t i e s 

A c t i v i ty Yes 

a Travelway patching 

b Shoulder patching 

c Travelway resur-
f a c l n q & sea l ing 

d Shoulder resur-
f a c i n q t recond 

e Crack & j o i n t 
sea l ing 

f Mudjacking and 
subscalIng 

9 Bridge deck 
repaTn ng 

No Comment 

2 I f "yes", please enclose d e s c r i p t i v e l i t e r a t u r e and photographs 

3 Where and w i t h which maintenance agency may t h i s ma t e r i a l or 
equipment be seen In use or operat ion? 

4 Should I t be necessary to ob ta in f u r t h e r I n f o r m a t i o n , please 
l i s t the I n d i v i d u a l in your f i r m to be contacted 

(Please P r i n t ) 

Name 

T i t l e 

Fi rm 

Address 
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APPENDIX C 

FIELD DATA LOG 

During the filming of maintenance activity, support infor
mation was recorded on the field data log Although the 
field log duplicated some information captured on the film, 
there were times when continuous film coverage was miss
ing because the view became temporarily obstructed The 
field data log filled these voids Details on classes of labor 
and types of equipment and materials, not always discerni
ble from the film, also were recorded on the log. 

The procedure log documented each task from the be
ginning of the roadway occupancy period until it was ter
minated This form proved valuable in evaluating the total 
occupancy period because it caught both the initial traffic-
control installation and the traffic-control removal which 
was not possible to film in most instances because the 
roadway could not be occupied by the camera crew 

WEATHER' 
TEMP 

FIELD DATA LOG OF MAIMTEWANCE TASKS 
NCHRP M-2 MAINTENANCE TECHNIQUES FOR REDUCING ROADWAY OCCUPANCY TIME 

BYRD. TALLAHY. MacDONALD and LEWIS. CONSULTING ENGINEERS 

ACTIVITY ^ l A ^ e . A( 

BY 

p.c.C. par 4i»l dfcpfk apflxtj pa-̂ fĉ  
R E E L ^ ^ 

LOCATION I 1 nucf g.g at ' M » - V \ d t i e 

POSTED iO MPH 
WORK ZONE g o o 

LABOR 
NO DESCRIPTION 

_1_ CtayfcMv 

TASK NO 

2 

OIIECItOi 

TERMII 

TEMP 
FEET " 

lUfric I0u1t« 
Ltft UMuldtr 
Ltft Lin* 

60 TIME 

1115-
EQUIPMENT 

NO btStRlPTlON 

JL Pump irack 
- L CtFt. Mw \b" 

g u y r v i m r - i ^ » . - > c « . l a r ^ f t 

4- M9T\A fe-wave wi-yV̂  aV̂ ft̂ «•̂ i 

DIRECTIONAL 
TRAFF^I^C^(5 MIN) 

/ 9 7 MATERIALS 
QUANTITY DESCRIPTION 

ACCOMP UNITS 

j 2 _ Sfc 
Mix ey&y^ w i i h coansc gaT\A e-hA y\f 

COMMENTS T o r c h r a f V \ - f t ^ \2.C>O'E W^iasr a O a . . t » <W»ulA. 
g o o ' F 
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O B S E R V E D P R O C E D U R E LOG 

T A S K 
NO 

S T A R T 
HR HIN 

S T O P 
HR MIN 

REMARKS 

l i 10 IZ z o Se.+ up c a v t c * 
12. 2.0 IZ 81 
IZ. £ 0 IZ. 21 
12 2S JZ Sftu ciA 1*4- nkA-fW »r<» \A/ I'lW «avi i 
iz a IZ 24 
12. 2 * IS 
12. 2 9 \Z 31 Bre«^ l«4- êrVcK are* wi4V» ^AeilrKenniTitfr 
IZ 28 l-Z 34 Pu+ ^frVftt area ^ 
IZ iL IZ 40 
12. 34 12 a t 
I t 4a l£ 42. 

IZ Si" Bre&U. ZnAnnAcli w r U t ^a£.l£ | ^B iM-n ie r 
12. 4-5 hrAV«*.«k \Alf4k 
[•2. m 1 O O 

1 04- Ml* f^ax^ re«i-K 
1 0 4 1 10 M>y • • ^ v i ^ r e « r A \A/i 'fU l o t i ' ^ f sand wlvsrlWl 

1 65 1 04 Mif tf^avij 
1 t>« 1 II 
1 II 1 \Z '^Bfly ^ ^ V l j '^Ttf.^ -ts 1 « A osVeVt 
1 i r 1 IS P l a ^ t n a r W n^ \«+ e»le.V\ 
1 14. 1 15 <5^n)U 1«+ o r A ^ U » « r + V 2 « 4 . 
1 14 1 11. 

I lb I l<? 
1 IQ 1 21 Av nmar-lwr 'Cflswi r S B l ^ Y/i'M" «l ia \ ic 
1 1 2 2 
1 Z.Z 1 35 
1 *s 1 %4 
1 4 4 1 St 

S K E T C H E S 

2 0 6 2 6 5 KtfWBse, Cemes ojê ^ A . +ro?*i« . 

I . * - fetch 

75' 4./3' 

APPENDIX D 

DATA ANALYSIS FORMS 

Two forms were developed to expedite the time-lapse film 
data take-off process. The cychc operations form was used 
for tasks that were representative of and restricted to one 
equipment unit or one crew member, as an example, a 
front-end loader removing broken concrete, one crew mem
ber pouring sealant and moving between contraction joints 
or one man sawing a patch perimeter The second form 
was used for the noncyclic operation classification where 
the analysis was limited to tasks occurring at a single spot 
location and encompassed the total task time at that loca
tion To expedite the analysis for the noncyclic condition, 
the take-off was based on five-frame intervals 
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NCHRP 14-2 
BYHD. TALLAHY. MacDOWALD and LEWIS 

' COHSULfllir^NtlwEERii 

TIHELAPSE TAKEOFF -- CYCLIC OPERATIONS 

Task No 

Technique No 5 Des 

Tot«l Units L V t « \ . « 

Subject £LH^ < ^ i r V n - > « ^ « r 

Act iv i ty Code 1 / ^ 3 

Total No Frames 2.Sk 

Interval 2. (Sec 1 

Cycle 
No Action 

No of 
Frames 

Time 
(Sec ) Units/Cycle Remarks 

1 O P . \l 62 
Irtouc (> 12 

2 Dr.U 37 7* 1 K.le 

Dr. 11 33 4t> 1 hoU 
7 I * 

4- 34 72 1 k.lc 
9 lA 

S Dr. II 37 74 1 K.lt Tr«i..W\« «4-Ai4Tn*j, 

II 22 
4 Dri\l 52 (A 1 kol«. 

Q> lA 

O'te <V/5/72 Ilev1e«r 

NCKRP 14-2 

BYRD. TALLAMY. MacDONALD and LEWIS 
Consulting Engineers 

Timelapse Takeoff-NoncyclK Operation 

Technique No 
)^tsr.k ^̂ •in<V. Ura» yn-Ve-Vv 

Activi ty Code X <^ I c 

Reel No X g 7 < l f t M 83 
Timelapse Interval_ 

Labor 
No Description 

4_ iBWygrt 

Equipment 
No Description 

(B.Sfpp)* 

A » Total Accomplishment Units 
8 " Total No of Frames 
C " Total No of Periods 
0 " No of Work Periods 
E - No of Man-Work Periods 
F = Effective Crew Size 9 1001 Efficiency • (EtD) 
6 = Observed Time " (Ci6 ppm)» 
N • Productive Time • (Ot6 ppm); 
1 " Observed Productivity • (AiG) 
J " Adjusted Productivity • (AiH) 

Materials 
Description Units 

2,7^ 

I 3ft 
I 21 
2.82. 
I,9t 

/3. fe?<.rMm. 

*fpp 1 frames per period , ppm ° periods per minute 

Date i»\ZA\ 7Z Rev1ewer_ 
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TECHNIQUE DESCRIPTIONS 
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En' ' frare ^U'•'ber the f ive frame periovi 
Total nurber o' ren wcrk ia three cr rore fr^res durno the f ive fra-na penod 

F - ' F c v r Mf 1 F-1 '£ E l 

S / 21 £ 1 o 
1 0 2 2 0 1. } m e 
1 5 2 0 

2 0 a. ISO / 3 bSO 0 
2 i r / 2 5 ? 

V> 2 ; } uo o 
I s 1 2, 4s t,A u 
Ao / I. kio u 
4 f f ( / his X. 
5 D z. ) J w 

s } X. 
la ) 4 & / GOD X. 

o 
7 0 4 4 0 / 

J 4 4 4 ? / 

1 3 0 
K 1 J S O f f > 

9 0 1 J 5 1 0 
4 ? z. s S i f 

100 t mam ? 2 0 1 
lOS mnm / 1 
n o 3 mpm / t 
I I S 2. mum / t. 
12/3 y mfpm 

m^m 
/ 1 

) 
mfpm 
m^m / 1 

1 3 0 I 1 
\^ t mirm «< 1 
[AO m^m 9 1 

0 1 
/ t 1 

ISC 1 « t 
i. 1 
t mr'-M J n o i J 1 
t 1 

\& i too 1 
I K t . 5 1 
l<90 t 3 1 
l « S / hi 1 

2 f l 0 X z 1 
c o 

o 
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Task 1 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 
Technique • Use o f d i m i n i s h i n g work zone 

For A c t i v i t i e s • Pavement, shoulder or br idge deck maintenance 

Task 2 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Detec t ing d e t e r i o r a t e d concrete by use of 
e l e c t r i c a l res is tance measurements 

For A c t i v i t i e s - Bridge deck p i t c h i n g and r e p a i r 

D e s c r i p t i o n o f Technique 

The roadway l eng th occupied f o r 
maintenance a c t i v i t i e s may be 
reduced f a s t e r I f a d i m i n i s h i n g 
zone arrangement Is used 

A f t e r the work zone i s coned or 
signed o f f to t r a f f i c , work Is 
to progress against t r a f f i c 
w i t h i n the zone and the "down
stream" end removed as the work 
progresses "upstream " 

This opera t ion a l lows the work 
zone to d i m i n i s h In l eng th as 
the work progresses A l s o , time 
requirements f o r p e r i o d i c a l l y 
moving the major t r a f f i c con
t r o l s at the beginning o f the 
zone are e l im ina t ed These 
c o n t r o l s need only be removed 
a t the complet ion o f the main
tenance a c t i v i t y 

Evaluation 

An effective technique for returning 
the highway to t r a f f i c where the type 
of maintenance act ivi ty permits 

5 p " d 

Irection 

A K t o d 

Desc r ip t i on o f Technique 

A demonstrat ion p r o j e c t i s under 
way to determine the degree of 
s tee l co r ros ion i n br idge decks 
by use of e l e c t r i c a l res i s tance 
measurements 

The presence of ch lo r ides i n 
moist decks sets up ga lvanic 
a c t i o n between the s tee l r e i n 
f o r c i n g and the surrounding 
concrete A vol tmeter can be 
used to measure the e l e c t r i c a l 
p o t e n t i a l o f t h i s galvanic c e l l 

One lead from the vo l tmete r i s 
at tached to the r e i n f o r c i n g 
s tee l The other lead i s at tached 
to a sa tura ted copper s u l f a t e h a l f 
c e l l which Is set down anywhere 
on the deck By moving the h a l f 
c e l l over the deck i t i s poss ib le 
to measure and p l o t the equ1-po-
t e n t i a l contours and ob t a in a 
" p i c t u r e " o f the d e t e r i o r a t e d 
areas The greater the v o l t a g e , 
the grea ter the s t ee l -conere te 
co r ros ion Measurements may 
also be taken through bituminous 
over lays 

Evaluation 

Experimental 

1 -

Copper Sulphate 
Half Cell 

Concrete Surface-
Connection t t T ^ ^ V ^ " 
Reinforcing Steel^ ^ 

Areas of Corroding Steel 

Equipment Required 
N a t e r i a l Required 
Crew Required 

Traf f ic signs & cones, truck 
None 
Two highway maintenance men 

Equipment Required 
Mate r i a l Required 
Crew Required 

Resistance measuring device 
None 
2 Technicians 

Task 2 

KIGHWr MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Infra-red Photography 

For Act iv i t ies - Concrete bridge deck patching and repair 

Description of Technique 

An infra-red photograph is taken of the 
bridge deck Since the infra-red f i l m 
IS sensitive to minute differences in 
temperature, proper photo interpreta
tions can determine areas of bridge deck 
deterioration because the temperature 
of sound concrete w i l l be s l igh t ly 
d i f ferent from that of deteriorated 
concrete with a i r and moisture en-
trainment 

Evalutation 

Experimental 
sk i l l s 

Requires high technical 

Equipment Required 
Material Required 
Crew Required 

Camera and accessories 
Film 
One or two technicians Photo interpreter 

Task 2 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Elas t ic -wave I n t e r v a l t imer f o r de t ec t i ng 
d e t e r i o r a t e d concrete 

For A c t i v i t i e s - Concrete pavement and br idge deck patching 
and r e p a i r 

D e s c r i p t i o n of Technique 

Concrete c o n d i t i o n may be i n d i c a 
ted by use o f the p r i n c i p a l t h a t 
d i r e c t and r e f r a c t e d wave v e l o c i 
t i e s are slower In d e t e r i o r a t e d 
concrete than In sound concrete 

Low-energy hammer impacts are ap
p l i e d on the surface o f the 
ma te r i a l at 3-Inch spaclngs and 
up to 3 f e e t f rom the r ece ive r 

The measured v e l o c i t y i n mic ro 
seconds i s compared w i t h standard 
v e l o c i t i e s o f concrete having 
known p r o p e r t i e s 

In a d d i t i o n , an i n d i c a t i o n o f 
the c o n d i t i o n o f an aspha l t -
concrete I n t e r f a c e may be ob
ta ined 

Evaluation 

Experimental Requires ski l led 
technicians for interpretation of 
results 

Equipment Required 
Mate r i a l Required 
Crew Required 

K lc ro - se l smic I n t e r v a l t imer 
None 
2 Technicians 
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Task 2 

HIGHBAY MAINTENANCE TECHNIQUE DESCRIPTION 

- Prototype equipment to de tec t de laminat ion 
In concrete br idge decks 

Technique 

For A c t i v i t i e s - Concrete br idge deck patching and r e p a i r 

Desc r ip t i on o f Technique 

The Texas Transpor t a t ion I n s t i 
t u t e has developed a pro to type 
de tec tor c a l l e d a "Thumper " 

Two s t e e l wheels t r a n s f e r the 
impact created by an o s c i l l a t 
ing so lenoid enclosed i n the 
housing of the tapping device 
i l l u s t r a t e d 

Two l i q u i d f i l l e d rubber t i r e 
tubes are run i n p a r a l l e l w i t h 
the tapper Pressure s e n s i t i v e 
c r y s t a l microphones, located 
w i t h i n the tubes , detect a r e 
tu rn s igna l where de laminat ion 
e x i s t s 

A s ignal c o n d i t i o n e r processes 
the detected s igna l s and creates 
the paper tape readout i l l u s t r a 
ted 

The readout tape speed i s coupled 
to a wheel tachometer so tha t the 
exact l o c a t i o n of de laminat ion 
can be e s t ab l i shed 

Evaluation 

Experimental Requires ski l led tech
nicians to Interpret results 

Equipment Required 
Mate r i a l Required 
Crew Required 
Product ion Rate 

Thumper 
Paper tape 
I Technician 
200 l i n f t /min 
paths 

LIFT CHANNEL 

Task 3 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Dislodge e x i s t i n g d e t e r i o r a t e d pavement 
ma te r i a l s using Rocket Burner 

For A c t i v i t i e s - Pavement surface r e p a i r or patching J o i n t 
r e p a i r 

D e s c r i p t i o n o f Technique 

A hand-held, c y l i n d r i c a l h i g h -
v e l o c i t y a i r - f u e l burner i s used 
t o break up and blow out decayed 
and cracked concrete or b i t u m i 
nous ma te r i a l p r i o r to pa tching 
or J o i n t r e p a i r 

Nozzle v e l o c i t y i s 2000 to 3000 
f ee t per second 

El iminates need to clean and dry 
patch or surface areas p r i o r to 
ma te r i a l a p p l i c a t i o n 

Evaluation 

An effect ive and rapid technique for 
cleaning and drying patch areas and 
cracks 

Compressor 
Propane 

0 
Burner 

f o r two p a r a l l e l 3-Inch wide 

Equipment Required 

Ma te r i a l Required 
Crew Required 
Product ion Rate 

Rocket Burner, compressor, propane t ank . 
v a p o r i z e r , t ruck 
Propane gas and a1r supply 
2 Maintenance Hen 
24 sq f e e t per min per inch of depth 

Task 3 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Precise, r ap id c u t t i n g o f e x i s t i n g concrete 
w i t h a K la r c r e t e Cut ter 

For A c t i v i t i e s - P a r t i a l depth concrete pavement patching and 
r e p a i r 

D e s c r i p t i o n of Technique 

Damaged or d e t e r i o r a t e d areas 
i n the surface o f a r i g i d pave
ment can be p r e c i s e l y removed 
up to f o u r inches deep and f o u r 
square f e e t i n area w i t h the 
B r i t i s h - d e v e l o p e d K la r c r e t e 
Cut te r 

The machine i s placed over the 
area to be removed and a se r ies 
of pneumatic percussive hammers 
or c u t t e r s mounted on a r i g i d 
frame t raverse the area , remov
ing approximately 1/8 inch o f 
concrete at a time 

Evaluation 

An advantage i n us ing t h i s t ech 
nique i s t ha t surrounding con
cre te i s not damaged 

The precise c u t t i n g permits a 
precast slab to be used as the 
replacement ma t e r i a l w i t h a r e 
s u l t i n g reduc t ion In roadway 
occupancy time 

The automated design permits a 
two-man team t o c o n t r o l up to 
three machines opera t ing day 
or n i g h t 

Task 3 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - C u t t i n g or sawmg w i t h a c i r c u l a r "cookie" 
c u t t e r 

For A c t i v i t i e s - F u l l depth patching and r e p a i r i n g of pavement 
and pavement base or subgrade 

Desc r ip t i on o f Technique Evaluation 

This wate r -coo led c i r c u l a r saw has 
carbide t ipped blades and operates 
l i k e a co r ing device or hole saw 

I t uses two sizes o f saw heads 
e i t h e r 36 or 60 inches In diameter 

An experienced opera tor may be 
able to l i f t a sawed core out 
o f the pavement as the saw head 
Is ex t r ac t ed A three jaw tong 
1s also a v a i l a b l e f o r l i f t i n g 
the cut disk 

This technique of use to u t i l i t y 
companies operating on urban streets 

Equipment Required 
Ma te r i a l Required 
Crew Required 
Product ion Rate 

K l a r c r e t e C u t t e r , compressor 
None 
2 Equipment Operators 
4 f t X 4 f t X 4 i n per 30 min 

Equipment Required 
Mate r i a l Required 
Crew Required 
Product ion Rate 

"Cookie" c u t t e r , e l e c t r i c a l generator 
Water supply 
1 Equipment Operator 
3" asphal t and 6" concrete /20 minutes 
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Task 6 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique 

For A c t i v i t i e s - Concrete br idge deck r e p a i r 

P u l l - i n - p l a c e bottom deck forming f o r concrete 
br idge 

D e s c r i p t i o n o f Technique 

The d e t e r i o r a t e d area I n the br idge 
deck w i l l be removed back to sound 
concrete and cleaned I n p repara t ion 
f o r pa tching 

Ropes, wires or cable are lowered 
through the hole In the deck 

The ropes are fastened to the pre
f a b r i c a t e d form and l i f t e d up to 
the underside o f the deck 

The forms are bo l t ed through 
s tee l angles r e s t i n g on the deck 
r e i n f o r c i n g s tee l The e n t i r e 
assembly Is l e f t I n place a f t e r 
patch Is poured 

Evaluation 

Fast and excellent technique for small 
patches and where access to the under-
deck is not iimediately available 

3 
Equipment Required None 
Mate r i a l Required Plywood f o r m s , bolts and angles of various sizes as 

Ind ica t ed 
Crew Required 2 Maintenance Men 

Task 8 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - K l a r c r e t e precast concrete p a r t i a l depth 
r e p a i r system 

For A c t i v i t i e s - Concrete pavement pa tching or r e p a i r 

D e s c r i p t i o n of Technique 

Concrete pavement sec t ions are 
precast In s p e c i f i c dimensioned 
u n i t s f o r I n s e r t i o n I n t o prepared 
holes 

Small sect ions may be lowered 
In to the hole by hand Vacuum 
suc t ion p l a t e ( s ) also may be 
used to l i f t the concrete sec
t i o n I n t o place 

The s lab Is f i r m l y seated and 
leve led In a cement or epoxy 
mortar bed 

The precast slab may be pre
heated f o r f a s t e r set of the 
mortar bed In cold weather 

A rapid technique for making partial 
depth patches with minimum road 
closure time 

Equipment Required 
Mate r i a l Required 
Crew Required 

Compressor, vacuum suc t ion p la tes 
Precast slab sec t ions 
1 Maintenance Man 

Task 8 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique 

For A c t i v i t i e s - Bituminous pavement surface r e p a i r 

- P lac ing band-aid p r e f a b r i c a t e d bituminous 
patch 

D e s c r i p t i o n of Technique 

The patches cons i s t o f a rubber
ized asphal t poured on newspaper 
or r o o f i n g paper and covered w i t h 
a l ayer o f stone chips and dusted 
w i t h hydrated lime 

The patches may be p r e f a b r i c a t e d 
dur ing w i n t e r months and s tored 
f o r sp r ing or summer a p p l i c a t i o n 
In r o l l s or p re -cu t patches. 

L i g h t l y cracked bituminous pave
ment i s f i r s t blown or swept d e a n 
of debr is and d e t e r i o r a t e d mater
i a l A bituminous tack coat 1s 
sprayed i n place 

Evaluation More applicable to urban 
streets Has not received acceptance 
for highway application 

The band-a id 'pa tch Is a p p l i e d , 
paper up, over tack coat T r a f 
f i c provides compaction as 
necessary and the newspaper 
soon wears o f f . 

Equipment Required 
Ma te r i a l Required 
Crew Required 

Compressor, a i r hose and nozzle 
P r e f a b r i c a t e d Band-Aid patches 
2 Maintenance Men 

Task 8 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Compartmented truck-mounted batch p lan t f o r 
concrete 

For A c t i v i t i e s - Concrete pavement and br idge deck r e p a i r and 
patching 

D e s c r i p t i o n of Technique 

On s i t e mixing o f concrete f o r 
large r e p a i r p r o j e c t s may be 
accomplished by a s e l f - c o n t a i n e d 
mobile mixer 

Compartments are f i l l e d w i t h 
unmixed dry ma te r i a l s 

Upon a r r i v a l at the r e p a i r s i t e , 
mix p ropor t ions and volume are 
se lected and mixing o f the re
qu i red volume Is accomplished 
at the s i t e 

The Concrete-Mobile u n i t I l l u s 
t r a t e d i s a v a i l a b l e In 4 , 6, 8 
or 10 cubic yard capac i t i e s 

Evaluation 

An excellent but expensive piece of equipment 
for mixing varying batch sizes of P C C for 
partial or f u l l depth patches 

Equipment Required 
Mate r i a l Required 
Crew Required 
Product ion Rate 

S e l f - c o n t a i n e d mobile concrete batch p lan t 
Concrete ma te r i a l s as des i red 
1 Equipment Operator and 2 Maintenance Men 
1 cubic yard /2-4 minutes 
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Task 8 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Task 8 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Insulated transport boxes 

For Activi t ies - Hot AC pavement patches and repair 

Technique 

For Activi t ies 

Use of pre-cast concrete slabs for repair 
replacement 

Concrete pavement patching and repair 

Description of Technique 

Truck or t r a i l e r mounted insulated transport 
boxes and infra-red heaters can be used to 
soften existing deteriorated bituminous 
surfaces and to add new hot-mix material 
for well-bonded patches and repairs 

Evaluation 

A valuable piece of equipment where a 
great deal of AC patching Is required, 
can be purchased conmerclally or f ab r i 
cated by highway shops Since patching 
IS a seasonal operation, some highway 
departments fabricate or purchase units 
for Insert on dump truck bodies 

Description of Technique 

The Michigan Highway Department 
IS repairing deteriorated concrete 
pavement with pre-cast concrete 
slabs 

Following the removal of the concrete 
within a full-depth saw cut perimeter, 
the base is leveled with a template 

A sand-cement mortar slurry Is mixed 
and poured in the excavated area and 
I t is leveled to a required depth 
using a template 

A pre-cast slab Is lowered into place 
and held by pipes unt i l mortar sets 
suf f ic ien t ly to carry the slab weight 

The two dif ferent joints being used 
by Michigan are I l lustrated 

Evaluation 

An effective technique for replacing 
f u l l depth deteriorated slabs with 
curing time cut to a minimum Lane 
closure is usually a maximum of four 
hours 

0 cmsTiNC SLAB @ aoNb ancAKEff <ONC CNO ONLTI 

(S) »»RCCAST SUkB 0 C W Y MOOTAB 
0 LtQUlO JOINT SCALER 0 UND-CEMENT tMJATAN 

N O N - D O W E L E O JOINT 

® riCLD WCLO 

© »TtfL PLATE 
© BITUMINOUS JOINT riLLCII 
(H) SAND-CEUCNT UOIITAR 

© OiSTINC SLAB 
® MttCAST SLAB 
© LIQUID JOINT SEALER 
© STEEL OOWCL 

DOWELED JOINT 

Equipment Required 

Materia! Required 
Crew Required 

Specially equipped truck with infra-red heater, insulated 
boxes for hot mix, receptacle for removed material and 
place for hand tools and portable ro l ler 
Hot mix 
Two Maintenance Men 

Equipment Required 
Material Required 
Crew Required 

Crane, concrete mortar mixer, pipe 
Pre-cast concrete slab, mortar 
1 Operator. 2 Maintenance Men 

Task 9 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Task 10 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Compaction o f small bi tuminous patches w i t h 
por tab le v i b r a t o r y compactor 

For A c t i v i t i e s - Bituminous pavement pa tching and r e p a i r i n g 

Technique - Cover J o i n t or crack sealant w i t h paper from 
r o l l 

For A c t i v i t i e s - J o i n t and crack sea l ing 

D e s c r i p t i o n o f Technique 

Compaction o f small bi tuminous 
patches may be accomplished using 
por tab le hand operated v i b r a t o r y 
compaction p l a t e s 

A convenient and r ap id method to 
t r a n s p o r t , load and unload such 
equipment i s to use a t ruck 
mounted, hydraul1cal1y operated 
p1at form 

By lower ing the p l a t f o r m , the 
compactor may be loaded or un
loaded e a s i l y by one man 

Evaluation 

An easily transportable valuable tool 
for compacting small asphalt patches 

Desc r ip t i on o f Technique 

Once Jo in t s or cracks have been 
cleaned and f i l l e d . I t i s neces
sary to cover the uncured sea l 
ant on the pavement surface to 
prevent t r a c k i n g 

Rolled paper on a spool w i t h an 
at tached handle can be used to 
apply cover r a p i d l y and conven
i e n t l y 

Evaluation 

A simple and rapid technique to prevent 
tracking Traff ic eventually wears away 
the paper 

Equipment Required 
Mate r i a l Required 
Crew Required 

Truck-mounted p l a t f o r m 
None 
1 Maintenance Man 

Equipment Required 
Mate r i a l Required 
Crew Required 
Product ion Rate 

Long handled paper r o l l e r 
Rol l o f paper 
1 Maintenance Man 
200 U n f t /min 
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Technique 

Task 11 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

- Construct temporary s tee l p l a t e t r a v e l surface 
over patch 

For A c t i v i t i e s - Concrete pavement or br idge deck patching and 
r e p a i r 

D e s c r i p t i o n of Technique 

Steel p l a t e s o f several t h i c k 
nesses up to 1 inch and several 
dimensions should be c a r r i e d in 
the supply t ruck ready f o r i n -
s t a l 1 a t i on 

A f r o n t end loader or small 
crane may be used to unload and 
place the p l a t e by use of an 
eyebolt screwed i n t o a nut 
welded to the center o f the 
p l a t e This nut i s not removed 
from the p l a t e 

For concrete patches a 1-Inch 
layer o f bituminous co ld mix may 
be spread around the edge of the 
patch to help seat the p l a t e and 
a l low space f o r p l a t e d e f l e c t i o n 
and avoid damage to the new con
cre te 

Bituminous wedge courses are 
app l ied around the e n t i r e 
p la te but are not requi red i f 
the p l a t e i s beveled on the edge 

Evaluation 

Permits t r a f f i c to use lanes while concrete 
IS curing Uhere lanes must be opened for 
heavy t r a f f i c , this is an effective tech
nique Normally limited to pavements with 
t r a f f i c speeds less than 35 mph Traf f ic 
with greater speeds tend to move the plate 

Equipment Required Front-end loader or crane, hook, eyebolt 
Mate r i a l Required Steel p l a t e , bituminous mix 
Crew Required 1 Equipment Operator . 2 Maintenance Men 

ft b 
A , 4 

> "A 
4 
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Task 12 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Clean out cracks w i t h rocket burner 

For A c t i v i t i e s - Pavement crack sea l ing 

D e s c r i p t i o n o f Technique 

Cracks and Jo in t s may be cleaned 
of debr is or d e t e r i o r a t e d mater
i a l p r i o r to f i l l i n g or sea l ing 
w i t h a propane f u e l e d Rocket Burn-

In bituminous pavement c racks , 
the Burner forms a V-shaped 
sec t ion which i s clean and ready 
f o r a p p l i c a t i o n of crack f i l l e r 
ma te r i a l 

Also moisture i n the cracks or 
Jo in t s i s removed In the process 
of c leaning 

Evaluation 

An effective technique In AC pavement 
or AC overlays 

Propane 
Compressor 

Burner 

Equipment Required 

Mate r i a l Required 
Crew Required 
Product ion Rate 

Rocket Burner, compressor, propane tank , 
v a p o r i z e r , t ruck 
Propane and a i r supply 
2 Maintenance Hen 
Summer--50 J o i n t s / d a y , Winter- -100 Jo in t s /day 

Task 13 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - F i l l expansion j o i n t w i t h foamed polymer 

For A c t i v i t i e s - Concrete pavement expansion J o i n t sea l ing 

Desc r ip t i on of Technique 

A f t e r thoroughly c l ean ing the ex
pansion J o i n t , a foamed polymer 
Is mixed In a bucket w i t h a small 
power-driven pa in t mixer 

I t Is Immediately poured to w i t h 
i n two Inches o f the pavement sur
face Forms are placed to conta in 
the polymer dur ing cu r ing and to 
insure a two- inch deep space f o r 
the asphal t ma te r i a l 

Once cured , the J o i n t i s sealed 
w i t h a poured rubber ized asphal t 

Evaluation 

Precisely cut joints are not necessary 
Adhesion to the concrete sides of the 
Joint is not long lasting under most 
environmental conditions 

Equipment Required 
Mate r i a l Required 
Crew Required 

Bucket and p a i n t mixer 
Polymer, rubber ized a spha l t , block form 
1 Maintenance Man 

Task 13 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - F i l l expansion Joint with preformed bats 

For Act ivi t ies - Concrete pavement expansion jo in t sealing 

Description of Technique 

Preformed expanded bats are used as 
re l i e f f i l l e r for newly sawed expansion 
Joints 

After thoroughly cleaning, hot asphalt 
IS poured into the bottom and the bat 
Is compressed into the open Joint 
Asphalt may also be poured along the 
sides of the f i l l e r af ter i t Is in 
place to eliminate f lo ta t ion 

After placing, the f i l l e r material 
is sawed flush with the top of the 
pavement 

Resawing a new jo in t should take 
place when the j o in t compresses to 
\ inch in width 

Evaluation 

Expanded bats have better compressibility 
than f e l t or f ibre bats Al l tend to work 
loose because adhesion under adverse en
vironmental conditions deteriorates 

Equipment Required Saw 
Material Required Expanded polyethylene, polyurethane or polystyrene or asphalt 

Impregnated f e l t or f ibre bats 
Crew Required 2 Maintenance Men 
Production rate To be determined 
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Task 14 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

- Layout mudjack holes w i t h the a id of a 
template 

Technique 

For A c t i v i t i e s - Concrete pavement mudjacking 

Desc r ip t i on o f Technique 

P r i o r to d r i l l i n g holes through 
a concrete pavement f o r mudjack
ing the holes must be l a i d out 

Frequent ly s p e c i f i c a t i o n s e x i s t 
f o r the ffludjack holes layout 
pa t t e rn A pa t t e rn or r u l ed 
template can expedi te the hole 
l ayou t opera t ion and Insure com
pl iance w i t h s p e c i f i c a t i o n s 

A pa in t spray can also Is u se fu l 
i n n o t i n g the l oca t i ons I n d i c a t e d 
by the template 

The template shown ro ta tes about a 
spr ing- loaded b o U and the two arms 
may be l i n e d up f o r storage 

i 

Evaluation 

Template expedites hole location where 
standardized hole locations are required 

Task 14 

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION 

Technique - Trench shoulder area and d r i v e pipe ho r i zon 
t a l l y beneath pavement, using pneumatic hammer 

For A c t i v i t i e s - Concrete pavement mudjacking 

D e s c r i p t i o n o f Technique 

Dig t rench perpendicular to pave
ment shoulder to accommodate pipe 
and pipe d r i v e r w i t h hand t o o l s 

Drive pipe w i t h pneumatic hammer 
h o r i z o n t a l l y I n t o void beneath 
pavement 
Evaluation 
This approach to mudjacking e l l m l 
nates the need to occupy the 
pavement 

Equipment Required 
Ma te r i a l Required 
Crew Required 
Product ion Rate 
Product ion U n i t Cost 

Template 
1 Paint spray can 
1 Maintenance Man 
18 holes /minute 
S 08/hole 

Equipment Required Hand t o o l s , a i r compressor, pneumatic hammer, 
spec ia l mudjack head, pipe 

Mate r i a l Required None 
Crew Required 2 Operators 

APPENDIX F 

STANDARD TIME DATA 

All the information that could be obtained from the film 
records collected during the field studies was transcribed 
for analysis Each activity element identified and studied 
IS briefly described in summary form in Table F-1. A 
mathematical statement of the relationships established is 
presented under the standard time model heading and 
makes use of the following variable terms 

T = time estimate (mm) 
A* = saw cut area, length X depth (sq ft) 

A — surface area (sq ft) 
V - volume (cu ft) 
L = length (hnft) 
P = applications (number) 
R = rate (Ibs/sq ft) 

Where applicable, the statistics developed for each ac
tivity element are shown These fall under the following 
headings: 

It = number of observations 
S D.= standard deviation of the mean time esti

mate 
S £ = standard error of the relationship estab

lished in a regression analysis 
Corr Coef. = coefficient of correlation for the regression 

/ = student's / for the regression coefficient 
F = Fisher F for the regression analysis of 

variance 
E% = the efficiency factor assigned to the model 



T A B L E F-1 

S T A N D A R D T I M E D A T A 
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Techniques and 
Technique Elements Standard Time Model n S.D S.E. 

Corr . 
Coef. T F 

E % 
Factor 

Task 3 

Saw Concrete 

Carbide Blade T = 0.2+4.96A* 133 0.3 0 .81 16 242 100 
Diamond Blade T = 0.3+1.33A* 96 1.0 0.96 39 1134 100 

Break w i t h A i r Hammer 

F . D % . C . C . Pavt-60# T = 3.5V 1 -- -- — — 90 
P.O. P.C.C. Pavt . or 

B.D?-60# T = 1.9+7.19V 47 1.8 0.97 27 718 90 
P.O. P.C.C. B.D.-30# T = 3.1+30.65V 26 14.8 0.79 6 39 90 
P.D. Comp. B.D.-90# T = 20.7+12.8V 3 5.3 0.94 3 8 90 

Break w i t h Hydrau l ic Ram 

9" P.C.C. T = 1.8+.07A 18 4.6 0.87 7 47 90 
11" P.C.C. T = 1.8+.22A 2 5.0 -- -- -- 90 

Cut w i t h a wheel c u t t e r 

P.C.C. T = 0.33L 6 .7 -- — — 100 
Bituminous T = 0.16L 3 .2 -- — — 100 

Break Concrete w i t h Per (Model based on manufac ture r ' s data) 
cussive Cut te r T = 3.2+211(V/PH) -- -- -- — -- 90 

Burn bi tuminous pavement 
w i t h Propane Burner T = 0.012A 5 .6 100 

Break Concrete w i t h Crane/ 
Drop Hammer T = 0.05A 3 .5 -- -- -- 90 

Task 4 

L i f t Concrete w i t h Crane 

I n s e r t Pins T = 4 . 7 6 0, 9 -- -- --
L i f t w/Crane T = 1 . 7 6 0. ,5 -- -- -- OT 
Remove Pins T = 2. 2 6 0. ,7 -- -- -- 90 

Remove Broken Concrete 
With F.E. L . or 
Hydrau l ic Hoe J = 2. 2+0.108V 23 6 .1 0.95 16 254 95 

Remove Broken Concrete 
With Backhoe From 
2' Expansion J o i n t T = 0. 54V 2 .7 -- -- -- 90 

Remove Broken Concrete 
Manually 

F u l l Depth T = 4.67V/C 1 .- -- -- -- 80 
P a r t i a l Depth T = 0. 1+6.33V 39 2.8 9.98 34 1153 80 

Task 5 

Blow Clean Patch Area 

P.D. T = 0. 7+0.07A 64 0.8 0.97 31 956 95 
Surface T = 4 . 0+0.003A 3 0.4 0.90 2 4 95 

Sandblast 

P.D. T = 0. 30A 4 1.5 1.00 63 4011 80 
Surface T = 0. 095A 2 .3 -- -- -- 8P 

Prepare Base f o r Pre-cast 
Slab With Backhoe 

Manually Prepare Base 

Fo l lowing Hoe ^ 
Fo l lowing F .E .L . 

Compact Base w i t h 
Mechanical Tamper 

7.4 

13.7+0.037A/C 
22.0+0.037A/C 

2.0 

2.2 0.87 4 
2.2 

15 

T = 0.9+0.04A 0.6 1.00 26 687 

90 

80 
80 

90 
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T A B L E F-1 (continued) 

Techniques and 
Technique Elements Standard Time Model n S.D. S .E. 

Corr. 
Coef. T F 

E % 
Factor 

Task 6 

Form Ful l Depth Concrete 
Patch T = 1.64L/C 5 -- 13.4 0.89 3 11 80 

Place Construction Joint 
Assembly T = 8.60 7 1 8 80 

Place Dowels 

D r i l l and Move 
Mix Hrout 
Place and Move 

T = 1.82D 
T = 1.1 
T = 1.18D 

12 
1 

24 
— 

.5 

.5 
--

90 
80 
90 

Task 7 

Place Tack Coat 

Eooxy - Brush 
Epoxy - Rag 
Cement Grout - Broom 
Asphalt - Broom 

T = 0.3+0.20A 
T = 1.1+0.44A 
T = 1 0+0 09A 
T = 1.0+0.044A 

23 
20 
25 

2 

— 
0.8 
0 8 
1 5 

.5 

0.99 
0 77 
0 80 

31 
5 
6 

974 
29 
40 

95 
95 
95 
95 

Task 8 

Place Large Pre-cast 
Concrete Slab 

Inser t Pins 
L i f t and Place 
Check Level 
Remove Pins 

Place Ready-raix Concrete 

Ful l Depth 
Par t ia l Depth 
Pre -cas t Mortar 

Hand Mix Patch Material 

Batch 
Mix Cement 
Mix Epoxy 
Place 

Mix Concrete in Mortar 
Mixer 

Batch cement [J-ĴJŜ"} 
Mix Cement 
Mix Epoxy 
Place 

1.5 
4 7 
1 0 
0 9 

= O.205V/C 
= (0 2+0 56V)/C 
= 2.4+.03A 

3 4.4 
1.1+.27V 
11 37 
0 5+0 97V 

23 
10 
4 

7 
23 

1 
113 

0.7 
1.4 
0.5 
0 4 

0.6 

10.7 0 88 8 72 
1.9 0 90 6 34 

.9 0.67 1 1 

.3 0.98 25 647 

0.8 0 87 18 338 

90 
90 
90 
90 

80 
80 
80 

80 
80 
80 

T = 1 2 2 0, .4 -- -- — 90 

T = 4 1 5 0, .4 -- -. -- 100 
T = 1 6 7 1, ,0 -- 100 
T = 13.3 3 1 2 -- -- 100 
T = 0.5+0.97V 113 -- 0 8 0.87 18 338 90 

Task 9 

Hand F in ish 

F D P.C C. 
P D. Cement 

*P.D Epoxy 

Manually Compact 
Bituminous Patch 

Roll Bituminous Patch 
With Truck 

Vibrate Concrete 
Fu l l Depth 
Par t ia l Depth 

T = 15.8+0.066A/C 
T = (19+0 17A)/C 
T = (2 2+0 5A)/C 

T = 0 097A 

T = 0.097A 

T = 0 02V 
T = 0.3V 

Vibrate & Screed Concrete T = 0 20L 

T = 0.003A 
Compact Bituminous Patch 

With Pneumatic Rol ler 

10 6 1 0 70 3 8 80 
51 1. ,2 0, .93 18 327 80 
21 3 7 0, ,88 8 67 80 

1.3 
0.3 

0.8 

0.92 5 
0.81 4 

0.98 11 

23 
14 

119 

95 

90 
90 

80 
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Techniques and 
Technique Elements Standard Time Model S.D. 

Corr. 
S.E^ Coef. T 

E % 

Task 10 

Spray Curing Compound T 

Place Burlap Cure St r ips T 

Hand Broadcast Sand T 

Cure Epoxy With Acetylene 
Torch T 

0.024A 

0.036A/C 

0.038A/C 

A/(0.2+ 07A; 

37 

18 

2 

0.1 

1.2 0.92 14 105 

1 0 0.99 18 324 

95 

85 

80 

80 

Task 12 

Clean Routed Bituminous 
Cracks With Rocket 
Burner 

Clean Contraction Joints 
Router Method 

Hook 
Rout 
Blow Clean 

Wire Brush Method 

Pick 
Brush 
Blow Clean 

Task 13 

Pour Sealant Into 12' 
Jo in t With Cornucopia 

Pressure Apply Sealant 
to 12' Jo in t 

I n s t a l l Preformed F i l l e r 

Task 14 

D r i l l Concrete With 
Air Hammer 

T = 0.05L 

T = 0 . 5 9 / J t . 
T = 1 5 0 / J t . 
T = 1 .24 /J t . 

T = 3 .73 /J t 
T = 0 .891/Jt 
T = 1 24 /J t 

.50 

T = .29 

T = 9.29 

1.85/hole 

14 0.4 
13 1.0 
20 0.4 

8 1.9 
10 0.3 
20 0.4 

60 .3 

62 .2 

5 3.3 

101 0.7 

95 

80 
95 
95 

80 
95 
95 

85 

95 

80 

90 

Task 16 

Use Squeegee to Apply 
Seal 

Task 17 

Apoly Sand Blot t inn With 
Wheel Mounted Spreader 

5 5+3.028A/C 

0.015AR 

10 

' \pply Sand B l o t Man' iai ly 1 = 0 024AR/C 

5.8 0.65 2 

.2 

2.5 

80 

90 

80 

1^ = Ful l Depth 
° P • = Par t ia l Dept.'-' 
j B D = Bndne Deck 

. " E L = Front End Loader 



Published reports of the 

NATIONAL COOPERATIVE HIGHWAY R E S E A R C H PROGRAM 

are available from 

Transportation Research Board 
National Academy of Sciences 

2101 Constitution Avenue 
Washington, D C 20418 

Rep 
No Title 

— * A Critical Review of Literature Treating Methods of 
Identifying Aggregates Subject to Destructive Volume 
Change When Frozen m Concrete and a Proposed 
Program of Research—Intermediate Report (Proj 
4-3(2)) , 81 p , $180 

1 Evaluation of Methods of Replacement of Deterio
rated Concrete in Structures (Proj. 6-8), 56 p , 
$2.80 

2 An Introduction to Guidelines for Satellite Studies of 
Pavement Performance (Proj. 1-1), 19 p , $1.80 

2A Guidelines for Satellite Studies of Pavement Per
formance, 85 p + 9 figs , 26 tables, 4 app , $3.00 

3 Improved Criteria for Traffic Signals at Individual 
Intersections—Interim Report (Proj. 3-5), 36 p , 
$1 60 

4 Non-Chemical Methods of Snow and Ice Control on 
Highway Structures (Proj 6-2), 74 p , $3.20 

5 Effects of Different Methods of Stockpiling Aggre
gates—Interim Report (Proj 10-3), 48 p , $2 00 

6 Means of Locating and Communicating with Dis
abled Vehicles—Interim Report (Proj 3-4), 56 p 
$3 20 

7 Comparison of Different Methods of Measuring 
Pavement Condition—Interim Report (Proj 1-2), 
2 9 p , $180 

8 Synthetic Aggregates for Highway Construction 
(Proj 4-4), 13 p , $1 00 

9 Traffic Surveillance and Means of Communicating 
with Drivers—Interim Report (Proj 3-2), 28 p , 
$1 60 

10 Theoretical Analysis of Structural Behavior of Road 
Test Flexible Pavements (Proj 1-4), 31 p., $2 80 

11 Effect ot Control Devices on Traffic Operations— 
Interim Report (Proj 3-6), 107 p , $5.80 

12 Identification ol Aggregates Causing Pooi Concrete 
Perlorniancc When Frozen—Interim Report (Proj 
4-3(1)) , 47 p . $3 00 

13 Running Cost of Motor Vehicles as Affected by High
way Design—Interim Report (Proj 2-5), 43 p , 
$2 80 

14 Density and Moisture Content Measurements by 
Nuclc.ir Methods—Interim Report (Proj 10-5). 
32 p , $3 00 

15 Identification ot Concrete Aggregates Exhibiting 
Frost Susceptibility—Interim Report (Proj 4-3(2)) , 
66 p . $4 00 

16 Protective Coatings to Prevent Deterioration of Con
crete by Deicing Chemicals (Proj. 6-3), 21 p , 
$1 60 

17 Development ot Guidelines tor Practical and Realis
tic Construction Specifications (Proj. 10-1), 109 p , 
$6 00 

18 Community Consequences of Highway Improvement 
(Proj 2-2). 37 p , $2 80 

19 Economical and Effective Deicing Agents for Use on 
Highway Structures (Proj 6-1), 19 p , $1 20 

• Highw.iy Rescirch Board Special Report 80 

Rep. 
No Title 

20 Economic Study of Roadway Lighting (Proj. 5-4), 
77 p., $3.20 

21 Detecting Variations in Load-Carrying Capacity of 
Flexible Pavements (Proj. 1-5), 30 p , $1.40 

22 Factors Influencing Flexible Pavement Performance 
(Proj 1-3(2)), 69 p., $2.60 

23 Methods for Reducing Corrosion of Reinforcing 
Steel (Proj 6-4), 22 p., $1.40 

24 Urban Travel Patterns for Airports, Shopping Cen
ters, and Industrial Plants (Proj. 7-1), 116 p., 
$5 20 

25 Potential Uses of Sonic and Ultrasonic Devices in 
Highway Construction (Proj. 10-7), 48 p., $2.00 

26 Development of Uniform Procedures for Establishing 
Construction Equipment Rental Rates (Proj 13-1), 
33 p , $1.60 

27 Physical Factors Influencing Resistance of Concrete 
to Deicing Agents (Proj 6-5), 41 p., $2.00 

28 Surveillance Methods and Ways and Means of Com
municating with Drivers (Proj. 3-2), 66 p , $2.60 

29 Digital-Computer-ControUed Traffic Signal System 
for a Small City (Proj. 3-2), 82 p., $4.00 

30 Extension of A A S H O Road Test Performance Con
cepts (Proj 1-4(2)), 33 p., $1.60 

31 A Review of Transportation Aspects of Land-Use 
Control (Proj. 8-5), 41 p., $2.00 

32 Improved Criteria for Traffic Signals at Individual 
Intersections (Proj 3-5), 134 p , $5.00 

33 Values of Time Savings of Commercial Vehicles 
(Proj 2-4), 74 p , $3.60 

34 Evaluation of Construction Control Procedures— 
Interim Report (Proj 10-2), 117 p., $5.00 

35 Prediction of Flexible Pavement Deflections from 
Laboratory Repeated-Load Tests (Proj. 1-3(3)), 
117p , $5.00 

36 Highway Guardrails—A Review of Current Practice 
(Proj 15-1), 33 p , $1.60 

37 Tentative Skid-Resistance Requirements for Mam 
Rural Highways (Proj. 1-7), 80 p., $3.60 

38 Evaluation of Pavement Joint and Crack Sealing Ma
terials and Practices (Proj. 9-3), 40 p , $2 00 

39 Factors Involved in the Design of Asphaltic Pave
ment Surfaces (Proj. 1-8), 112 p., $5.00 

40 Means of Locating Disabled or Stopped Vehicles 
(Proj. 3-4(1)) , 40 p., $2 00 

41 Effect of Control Devices on Traffic Operations 
(Proj 3-6), 83 p , $3.60 

42 Interstate Highway Maintenance Requirements and 
Unit Maintenance Expenditure Index (Proj. 14-1), 
144 p , $5.60 

43 Density and Moisture Content Measurements by 
Nuclear Methods (Proj 10-5), 38 p., $2.00 

44 Traffic Attraction of Rural Outdoor Recreational 
Areas (Proj 7-2), 28 p., $1.40 

45 Development of Improved Pavement Marking Ma
terials—Laboratory Phase (Proj. 5-5), 24 p., 
$1 40 

46 Effects of Different Methods of Stockpiling and 
Handling Aggregates (Proj 10-3), 102 p., 
$4 60 

47 Accident Rates as Related to Design Elements of 
Rural Highways (Proj. 2-3), 173 p., $6.40 

48 Factors and Trends in Trip Lengths (Proj. 7-4), 
70 p , $3 20 

49 National Survey of Transportation Attitudes and 
Behavior—Phase I Summary Report (Proj. 20-4), 
71 p., $3.20 



Rep. 
No. rule 
50 Factors Influencing Safety at Highway-Rail Grade 

Crossings (Proj 3-8), 1 1 3 p , $520 
51 Sensing and Communication Between Vehicles (Proj 

3-3), 105 p , $5 00 
52 Measurement of Pavement Thickness by Rapid and 

Nondestructive Methods (Proj . 10-6), 82 p 
$3 80 

53 Multiple Use of Lands Within Highway Rights-of-
Way (Proj 7-6), 68 p , $3.20 

54 Location, Selection, and Maintenance of Highway 
Guardrails and Median Barriers (Proj 15-1(2)) , 
63 p , $2 60 

55 Research Needs in Highway Transportation (Proj 
20-2), 66 p , $2 80 

56 Scenic Easements—Legal. Administrative, and Valua
tion Problems and Procedures (Proj 11-3), 174 p , 
$6 40 

57 Factors Influencing Modal Tr ip Assignment (Proj 
8-2), 78 p , $3 20 

58 Comparative Analysis of Traffic Assignment Tech
niques with Actual Highway Use (Proj 7-5), 85 p , 
$3 60 

59 Standard Measurements tor Satellite Road Test Pro
gram (Proj 1-6), 78 p , $3 20 

60 Effects of Illumination on Operating Characteristics 
of Freeways (Proj 5-2) 148 p , $6 00 

61 Evaluation of Studded Tires—Performance Data and 
Pavement Wear Measurement (Proj 1-9), 66 p , 
$3 00 

62 Urban Travel Patterns for Hospitals, Universities, 
Office Buildings, and Capitols (Proj 7-1), 144 p , 
$5 60 

63 Economics of Design Standards for Low-Volume 
Rural Roads (Proj. 2-6), 93 p , $4 00 

64 Motorists' Needs and Services on Interstate Highways 
(Proj . 7-7), 88 p . $3 60 

65 One-Cycle Slow-Freeze Test for Evaluating Aggre
gate Performance in Frozen Concrete (Proj 4 - 3 ( 1 ) ) . 
21 p., $140 

66 Identification of Frost-Susceptible Particles in Con
crete Aggregates (Proj 4 - 3 ( 2 ) ) , 62 p , $2 80 

67 Relation of Asphalt Rheological Properties to Pave
ment Durability (Proj 9-1), 45 p., $2.20 

68 Application of Vehicle Operating Characteristics to 
Geometric Design and Traffic Operations (Proj. 3-
10), 38 p , $2 00 

69 Evaluation of Construction Control Procedures— 
Aggregate Gradation Variations and Effects (Proj 
10-2A), 58 p , $2 80 

70 Social and Economic Factors Affect ing Intercity 
Travel (Proj 8-1), 68 p., $3.00 

71 Analytical Study of Weighing Methods for Highway 
Vehicles in Mot ion (Proj . 7-3), 63 p., $2.80 

72 Theory and Practice in Inverse Condemnation for 
Five Representative States (Proj . 11-2), 44 p . 
$2.20 

73 Improved Criteria for Traffic Signal Systems on 
Urban Arterials (Proj . 3 -5 /1) , 55 p., $2.80 

74 Protective Coatings for Highway Structural Steel 
(Proj 4-6), 64 p , $2 80 

74A Protective Coatings for Highway Structural Steel— 
Literature Survey (Proj 4-6) , 275 p . $8 00 

74B Protective Coatings for Highway Structural Steel— 
Current Highway Practices (Proj . 4-6) . 102 p 
$4 00 

75 Effect of Highway Landscape Development on 
Nearby Property (Proj 2-9), 82 p , $3.60 

Hep 
No 
76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 
96 

97 

98 

99 

100 

101 

102 

103 

104 

/1 lie 

Detecting Seasonal Changes in Load-Carrying Ca
pabilities of Flexible Pavements (Proj . 1-5(2)), 
37 p , $2.00 
Development of Design Criteria for Safer Luminaire 
Supports (Proj 15-6), 82 p , $3 80 
Highway Noise—Measurement, Simulation, and 
Mixed Reactions (Proj 3-7), 78 p , $3 20 
Development of Improved Methods for Reduction of 
Traffic Accidents (Proj 17-1), 163 p , $6.40 
Oversize-Overweight Permit Operation on State High
ways (Proj 2-10). 1 2 0 p , $520 
Moving Behavior and Residential Choice—A Na
tional Survey (Proj 8-6), 129 p , $5 60 
National Survey of Transportation Attitudes and 
Behavior—Phase 11 Analvsis Report (Proj 20-4), 
89 p , $4 00 
Distribution of Wheel Loads on Highway Bridges 
(Proj 12-2). 56 p , $2 80 
Analysis and Projection of Research on Traffic 
Surveillance, Communication, and Control (Proj . 
3-9). 48 p , $2 40 
Development of Formed-in-Place Wet Reflective 
Markers (Proj 5-5), 28 p , $1 80 
Tentative Service Requirements for Bridge Rail Sys
tems (Proj 12-8), 62 p . S3 20 
Rules of Discovery and Disclosure in Highway Con
demnation Procecdincs (Proj 11-1(5)) , 28 p . 
$2 00 
Recognition of Benefits to Remainder Property in 

1 ( 2 ) ) . 24 p . 

Related to Tr ip 
$3 20 
Concrete Bridges 

Highway Valuation Cases (Proj I I 
$2 00 
Factors Trends, and Guidelines 
Length (Proj 7-4). 59 p . 
Protection ol Steel in Prcstrcsscd 
(Proj 12-5), 86 p . $4 00 
Effects ol Dcicing Salts on Water Quality and Biota 
—Literature Review and Recommended Research 
(Proj 16-1), 70 p , $3 20 
Valuation and Condemnation of Special Purpose 
Properties (Proj . 11-1(6)) , 47 p , $2 60 
Guidelines for Medial and Marginal Access Control 
on Major Roadways (Proj . 3-13), 147 p . 
$6 20 
Valuation and Condemnation Problems Involving 
Trade Fixtures (Proj . 11-1(9)) , 22 p , $180 
Highway Fog (Proj 5-6). 48 p , $2 40 
Strategies for the Evaluation of Alternative Trans
portation Plans (Proj 8-4), I I I p , $5 40 
Analysis ol Structural Behavior of A A S H O Road 
Test Ricid Pavements (Proj 1-4(1)A) , 35 p . 
$2 60 
Tests for Evaluating Degradation ol Base Course 
Aggregates (Proj 4-2) . 98 p $5 00 
Visual Requirements in Night Driving (Proj 5-3) 
38 p , $2 60 
Research Needs Relating to Performance of Aggre
gates in Highway Construction (Proj 4-8). 68 p 
$3 40 
Effect of Stress on Freeze-Thaw Durability of Con
crete Bridge Decks (Proj 6-9). 70 p . $3 60 
Effect of Wcldments on the Fatigue Strength of Steel 
Beams (Proj 12-7), 114 p , $5 40 
Rapid Test Methods for Field Control of Highway 
Construction (Proj 10-4), 89 p . $5 00 
Rules of Compensability and Valuation Evidence 
for Highway Land Acquisition (Proj l l - l ) . 
77 p , $4 40 



Rep. 
No. Title 

105 Dynamic Pavement Loads of Heavy Highway Vehi
cles (Proj . 15-5), 94 p., $5.00 

106 Revibration o f Retarded Concrete f o r Continuous 
Bridge Decks (Proj 18-1), 67 p., $3.40 

107 New Approaches to Compensation fo r Residential 
Takings (Proj 11-1(10)) , 27 p , $2 40 

108 Tentative Design Procedure for Riprap-Lined Chan
nels (Proj 15-2), 75 p., $4.00 

109 EListomeric Bearing Research (Proj 12-9), 53 p , 
$3 00 

110 Optimizing Street Operations Through Traffic Regu
lations and Control (Proj 3-11), 100 p , $4 40 

111 Running Costs of Motor Vehicles as Affected by 
Road Design and Traffic (Proj 2-5A and 2-7), 
97 p , $5 20 

112 Junkyard Valuation—Salvage Industry Appraisal 
Principles Applicable to Highway Beautification 
(Proj 11-3(2) ) , 41 p , $2 60 

113 Optimizing Flow on Existing Street Networks (Proj 
3-14). 414 p . $15 60 

114 Effects of Proposed Highway Improvements on Prop
erty Values (Proj 11-1 ( I ) ) , 4 2 p , $260 

115 Guardrail Performance and Design (Proj . 15-1(2)) , 
70 p , $3 60 

116 Structural Analysis and Design of Pipe Culverts 
(Proj 15-3), 155 p , $6 40 

117 Highway Noise—A Design Guide for Highway En
gineers (Proj 3-7), 79 p , $4.60 

118 Location, Selection, and Maintenance of Highway 
Traffic Barriers (Proj 15-1(2) ) , 96 p., $5 20 

119 Control of Highway Advertising Signs—Some Legal 
Problems (Proj 11-3(1)) , 72 p , $3 60 

120 Data Requirements for Metropolitan Transportation 
Planning (Proj 8-7), 90 p , $4 80 

121 Piotcction of Highway Ut i l i ty (Proj . 8-5), 115 p , 
$5 60 

122 Summary and Evaluation of Economic Consequences 
of Highway Improvements (Proj . 2-11), 324 p., 
$13 60 

123 Development of Informat ion Requirements and 
Transmission Techniques f o r Highway Users (Proj 
3-12), 239 p , $9.60 

124 Improved Criteria fo r Traffic Signal Systems in 
Urban Networks (Proj . 3-5), 86 p , $4.80 

125 Optimization of Density and Moisture Content Mea
surements by Nuclear Methods (Proj . 10-5A), 
86 p , $4 40 

126 Divergencies in Right-of-Way Valuation (Proj . 11-
4 ) , 57 p.. $3.00 

127 Snow Removal and Ice Control Techniques at Inter
changes (Proj . 6-10), 90 p., $5.20 

128 Evaluation of A A S H O Interim Guides f o r Design 
of Pavement Structures (Pro j . 1-11), 111 p., 
$5.60 

129 Guardrail Crash Test Evaluation—New Concepts 
and End Designs (Proj . 15-1(2) ) , 89 p., 
$4.80 

130 Roadway Delineation Systems (Proj . 5-7), 349 p., 
$14.00 

131 Performance Budgeting System f o r Highway Main
tenance Management (Proj . 19-2(4) ) , 213 p., 
$8 40 

132 Relationships Between Physiographic Units and 
Highway Design Factors (Proj 1-3(1)) , 161 p , 
$7.20 

Rep. 
No. Title 

133 Procedures for Estimating Highway User Costs, A i r 
Pollution, and Noise Effects (Proj 7-8), 127 p., 
$5 60 

134 Damages Due to Drainage, Runoff, Blasting, and 
Slides (Proj . 11-1(8) ) , 23 p., $2 80 

135 Promising Replacements for Conventional Aggregates 
for Highway Use (Pro). 4-10), 53 p , $3.60 

136 Estimating Peak Runoff Rates f r o m Ungaged Small 
Rural Watersheds (Proj 15-4), 85 p , $4 60 

137 Roadside Development—Evaluation of Research 
(Proj 16-2), 78 p , $4.20 

138 Instrumentation for Measurement of Moisture— 
Literature Review and Recommended Research 
(Proj 21-1), 60 p , $4 00 

139 Flexible Pavement Design and Management—Sys
tems Formulation (Proj 1-10), 64 p , $4.40 

140 Flexible Pavement Design and Management—Ma
terials Characterization (Proj 1-10), 118 p , 
$5 60 

141 Changes in Legal Vehicle Weights and Dimensions— 
Some Economic Effects on Highways (Proj 19-3), 
184 p , $8 40 

142 Valuation of A i r Space (Proj 11-5), 48 p., 
$4 00 

143 Bus Use of Highways—State of the A r t (Proj . 8-10), 
406 p , $16 00 

144 Highway Noise—A Field Evaluation of Traffic Noise 
Reduction Measures (Proj. 3-7), 80 p , $4.40 

145 Improving Traffic Operations and Safety at Exit Gore 
Areas (Proj . 3-17) 120 p., $6.00 

146 Alternative Mult imodal Passenger Transportation 
Systems—Comparative Economic Analysis (Proj . 
8-9), 68 p., $4 00 

147 Fatigue Strength of Steel Beams wi th Welded Stiff-
eners and Attachments (Proj 12-7), 85 p , 
$4 80 

148 Roadside Safety Improvement Programs on Freeways 
— A Cost-Effectiveness Priority Approach (Proj . 20-
7 ) , 64 p , $4.00 

149 Bridge Rail Design—Factors, Trends, and Guidelines 
(Proj 12-8), 49 p., $4 00 

150 Effect of Curb Geometry and Location on Vehicle 
Behavior (Proj 20-7), 88 p., $4.80 

151 Locked-Wheel Pavement Skid Tester Correlation and 
Calibration Techniques (Proj . 1-12(2)) , 100 p., 
$6.00 

152 Warrants fo r Highway Lighting (Proj 5-8), 117 
p , $6 40 

153 Recommended Procedures f o r Vehicle Crash Testing 
of Highway Appurtenances (Proj . 22-2), 19 p , 
$3.20 

154 Determining Pavement Skid-Resistance Requirements 
at Intersections and Braking Sites (Pro j . 1-12), 64 
p , $4.40 

155 Bus Use of Highways—Planning and Design Guide
lines (Proj . 8-10), 161 p., $7.60 

156 Transportation Decision-Making—A Guide to Social 
and Environmental Considerations (Proj . 8 -8 (3 ) ) , 
1 3 5 p , $720 

157 Crash Cushions of Waste Materials (Proj 20-7), 
73 p , $4 80 

158 Selection of Safe Roadside Cross Sections (Proj 
2 0 - 7 ) , 57 p , $4.40 

159 Weaving Areas—Design and Analysis (Proj . 3-15), 
119 p., $6.40 



Rep. 
No. Title 

160 Flexible Pavement Design and Management—Sys
tems Approach Implementation (Proj . 1-1 OA) , 
53 p., $4.00 

161 Techniques for Reducing Roadway Occupancy Dur
ing Routine Maintenance Activities (Proj 14-2), 
55 p.. $4.40 

Synthesis of Highway Practice 

No. Title 
1 Traffic Control fo r Freeway Maintenance (Proj . 20-5, 

Topic 1) , 47 p , $2 20 
2 Bridge Approach Design and Construction Practices 

(Pro j . 20-5, Topic 2 ) , 30 p , $2.00 
3 Traffic-Safe and Hydraulically Efficient Drainage 

Practice (Proj . 20-5, Topic 4 ) , 38 p., $2.20 
4 Concrete Bridge Deck Durabili ty (Proj . 20-5, Topic 

3 ) , 28 p., $2.20 
5 Scour at Bridge Waterways (Proj . 20-5, Topic 5 ) , 

37 p., $2.40 
6 Principles of Project Scheduling and Monitoring 

(Proj . 20-5, Topic 6 ) , 43 p , $2 40 
7 Motorist A i d Systems (Proj . 20-5, Topic 3-01), 

28 p., $2 40 
8 Construction of Embankments (Proj 20-5, Topic 9 ) , 

38 p , $2 40 

No Title 
9 Pavement Rehabilitation—Materials and Techniques 

(Proj 20-5, Topic 8 ) , 41 p., $2.80 
10 Recruiting, Training, and Retaining Maintenance and 

Equipment Personnel (Proj . 20-5, Topic 10), 35 p., 
$2.80 

11 Development of Management Capability (Proj . 20-5, 
Topic 12), 50 p , $3 20 

12 Telecommunications Systems for Highway Admin
istration and Operations (Proj 20-5, Topic 3-03), 
29 p , $2 80 

13 Radio Spectrum Frequency Management (Proj . 20-5, 
Topic 3-03), 32 p , $2.80 

14 Skid Resistance (Proj 20-5, Topic 7 ) , 66 p , 
$4 00 

15 Statewide Transportation Planning—Needs and Re
quirements (Proj 20-5, Topic 3-02), 41 p , 
$3.60 

16 Continuously Reinforced Concrete Pavement (Proj. 
20-5, Topic 3-08), 23 p , $2.80 

17 Pavement Traffic Marking—Materials and Applica
tion Affecting Serviceability (Proj 20-5, Topic 3-
05) , 44 p , $3 60 

18 Erosion Control on Highway Construction (Proj . 
20-5, Topic 4-01), 52 p , $4 00 

19 Design, Construction, and Maintenance of PCC 
Pavement Joints (Proj 20-5, Topic 3-04), 40 p , 
$3.60 

20 Rest Areas (Proj 20-5, Topic 4-04), 38 p., 
$3 60 

21 Highway Location Reference Methods (Proj 20-5, 
Topic 4-06), 30 p , $3 20 

22 Maintenance Management of Traffic Signal Equip
ment and Systems (Proj . 20-5, Topic 4-03) 41 p , 
$4 00 

23 Getting Research Findings into Practice (Proj 20-5, 
Topic 11) 24 p , $3.20 

24 Minimizing Deicing Chemical Use (Proj 20-5, 
Topic 4-02), 58 p , $4 00 

25 Reconditioning High-Volume Freeways in Urban 
Areas (Proj 20-5, Topic 5-01), 56 p., $4.00 

26 Roadway Design in Seasonal Frost Areas (Proj . 20-5, 
Topic 3-07), 104 p , $6 00 

27 PCC Pavements fo r Low-Volume Roads and City 
Streets (Proj . 20-5, Topic 5-06), 31 p , $3 60 

28 Partial-Lane Pavement Widening (Pro j . 20-5, Topic 
5-05), 30 p , $3 20 

29 Treatment of Soft Foundations for Highway Em
bankments (Proj 20-5, Topic 4-09), 25 p , 
$3 20 

30 Bituminous Emulsions fo r Highway Pavements (Proj 
20-5, Topic 6-10), 76 p., $4.80 

31 Highway Tunnel Operations (Proj 20-5, Topic 5-08), 
29 p , $3 20 



T H E T R A N S P O R T A T I O N R E S E A R C H B O A R D is an agency of the National 
Research Council, which serves the National Academy of Sciences and the National 
Academy of Engineering. The Board's purpose is to stimulate research concerning the 
nature and performance of transportation systems, to disseminate information that the 
research produces, and to encourage the application of appropriate research findings. 
The Board's program is curried out by more than 150 committees and task forces 
composed of more than 1,800 administrators, engineers, social scientists, and educators 
who serve without compensation. The program is supported by state transportation and 
highway departments, the U.S. Department of Transportation, and other organizations 
interested in the development of transportation. 

The Transportation Research Board operates within the Commission on Sociotech-
nical Systems of the National Research Council. The Council was organized in 1916 
at the request of President Woodrow Wilson as an agency of the National Academy of 
Sciences to enable the broad community of scientists and engineers to associate their 
efforts with those of the Academy membership. Members of the Council are appointed 
by the president of the Academy and are drawn f r o m academic, industrial, and govern
mental organizations throughout the United States. 

The National Academy of Sciences was established by a congressional act of incorpo
ration signed by President Abraham Lincoln on March 3, 1863, to further science and 
its use f o r the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. I t is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—yet indepen
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the National Academy of 
Sciences. Its advisory activities are closely coordinated wi th those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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