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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 1n 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 1t 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-
mzed objectivity and understanding of modern research
practices The Board 1s uniquely suited for this purpose
as. 1t mamtamns an extensive commiftee structure from
which authorities on any highway transportation subject
may be drawn; 1t possesses avenues of communications and
cooperation with federal, state, and local governmental
agenctes, universities, and industry; its relationship to its
parent orgamization, the National Academy of Sciences, a
private, nonprofit institution, 1s an nsurance of objectivity;
it maintains a full-time research correlation staff of special-
1sts 1n highway transportation matters to bring the findings
of research directly to those who are 1n a position to use
them

The program 1s 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 qualfied research agencies
are selected from those that have submitted proposals Ad-
ministration and survellance 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, 1s intended to complement rather
than to substitute for or duplicate other highway research
programs
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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 1dentifies 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 engmeering firm of Byrd,
Tallamy, MacDonald & Lewis, was conducted in two phases. The first was dis-
covery—an attempt to identify unique and nnovative 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 US. 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 1n 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 hikely result in 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 actwities 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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SUMMARY

TECHNIQUES FOR REDUCING
ROADWAY OCCUPANCY DURING
ROUTINE MAINTENANCE ACTIVITIES

This comprehensive study of maintenance activities on the traveled way revealed
that major reductions i 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)
(b)

(c)
(d)
(e)

(f)
(8)

Rapid-curing epoxies and regulated set cements

Precast concrete slabs for partial-depth and full-depth pavement
repairs.

Prefabricated surface patches for asphalt pavements.
Large-diameter cutting wheels for concrete cutting

Percussive cutting heads for partial-depth, predimensioned concrete
cutting.

Large-diameter cyhindrical saws for cutting concrete,

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)

(b)
(c)
(d)

Structuring maintenance procedures by activities, tasks, and tech-
niques.

Using time-lapse photography for data collection and analysis.
Developing standard time data for maintenance tasks.

Preplanning activities for minimum occupancy time using crew bal-
ance charts with standard time data to optimize the selection and
sequencing of alternative techmques.

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)
(b)

(¢)
(d)

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

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

Job-site supervision and control.

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 1s 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 clements of various activities was recognized
and accommodated by the structuring of maintenance procedures mnto: actwvities,
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 techmiques 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:

Use of mechanization.

Use of rapid-curing and/or prefabricated materials
Use of optimum equipment and crew size

Strategic scheduling of tasks.

Techniques that combined or eliminated tasks

VAW

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 1s 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, 3%2-1n
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.



® 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 drll more than one hole concurrently for mudjacking.

Occupancy Tune

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 1n 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 techmque The majonty 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.

CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH

Highway maintenance activities often require occupancy of
traffic lanes, structures, and shoulders of the roadway by
men, matenals, 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 1s 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 techmniques 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 1dentify 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 1ts onginal stage, the project encompassed mainte-
nance activities for

1 Travelway patching.

. Shoulder patching

. Travelway resurfacing and resealing
Shoulder resurfacing and recondittoning
Crack and joint sealing
Mudjacking and subsealing.

. Bridge deck repairing.

N AU DEWN

After the imtial 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 Brnidge 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
prionty rating in the same sequence as the foregoing listing.



RESEARCH APPROACH

Literature Search

As a part of the hterature 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 1n 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 1nitial conference was held by the members of the proj-
ect team 1n 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 mn developing 1nitial con-
cepts for some maintenance techniques and n evaluating
techmiques employed or proposed by others.

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

Staff members and field representatives reconvened for a
3-day workshop on May 11-13, 1971, following completion
of the mitial field visits and receipt of responses to the
questionnaires At the workshop, a review was made of all
techniques 1dentified 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 1n 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 techmiques
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 1in the Umited 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 recetved a personal follow-up to explore promising
techmiques, equipment, materals, or organizations in greater
depth.

It was evident as a result of the imitial 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 maternals, 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 orgamzations were selected for in-
depth interviews because of the promising techniques they
were using Project staff members made field visits to agen-
cies 1n 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, 1n 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 1n 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-
phishments 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 techmiques.

Following the conference, the Advisory Panel reduced
the number of activities being studied so that a greater
effort could be made 1n 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 nterim 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 lhtera-
ture search. In addition, the report included samples of a
letter of transmuttal and a questionnaire proposed for mail-
ing to selected maintenance agencies
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Figure 1. States where interviews were conducted

The second interim report, prepared after 8 months of
research, summarized the resulits of the search phase of the
project The techmques uncovered 1n the literature search,
highway maintenance agency and manufacturer surveys,
and personal interviews were identified and discussed and
nnovative or unique ones were 1illustrated 1n 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. 1 Pavement
II Shoulder
III Bridge deck

Matenal. A Concrete

B Bituminous
C. Composite
D Other

Action Patch or repair
Resurface

. Surface treat
Seal

. Mudjack

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

o wnN -

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 deterto-
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 matenal.

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



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

7. Apply tack coats or bonding matenal

8. Mix and place patching, surfacing, or sealing ma-
terials.

9. Compact, vibrate, screed, or fimsh patching or sur-
facing matenal.

10. Apply curning or blotting mater:al.

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
gwven 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 nme —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 ume —Time during roadway occupancy when
maintenance work was being performed at the occupancy
site.

4 Cure nme.—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 mterval 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 ttme until traffic-control removal was initiated
These categories of roadway occupancy are shown in
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 1n the field.

Information was needed relating to field procedures un-
der a vartety of roadway and workload conditions. The
labor, equipment, and material requirements and produc-
tion rate assoctated with the technique needed to be estab-
lished. Also, the techniques required field evaluation 1n the
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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.

S. 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 vacuume-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.

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.

ROADWAY OCCUPANCY STUDY

BTML 107.07 NCHRP 14-2
DATE____ 1972 TIME START STOP

REEL NO._____ TIMELAPSE INTERVAL
ACTIVITY CODE _______ TASKS

DESCRIPTION

LOCATION

MATERIAL UNITS

Figure 5. Header form used to describe filming location.

For development of the standard time data, iwo 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 + 23 + 20 + 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

TIME (MINUTES)

[ l
0 10 20

MAN
NO.

v CAVAAE A4 U770

e UAA UZE7AVAA VA U

3 %7/‘ L ///‘ W/ﬁ%

o sz vl i U787

PRODUCTIVE TIME =

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.
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balance charts for 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.

With 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.

CHAPTER TWO

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. It 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,” “limited,” and “immediately applicable.”

The techniques listed as “experimental” in Column 5 of
the table appear to have merit but will 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 for 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
for 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, within 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 with 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) An 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

Equipment and Material

Availability

Current Applicability

| 2 3 y 5 6 7
Commer - Immed -
Local cially ately
Experi- Fabri- Avail- Experi- Appl -
Technigue . |_mental cation able mental Limited cable |

Task |. SET UP AND REMOVE WORK

ZONE MATERIALS AND CONTROLS.

a. Diminishing zone X

b, Automated zoning X X

C. Motorized signs X X
Task 2. IDENTIFY, LOCATE DE-

TECT OR DELINEATE AREAS OF

DETERIORATED MATERIAL TO BE

REMOVED.

a. Electrical potential X X

b. Acoustic reflection X X

c. Infrared photography X X

d. Concrete sounding X X
Task 3. CUT, GRIND, MILL,

PLANE OR BREAK OLD DECK

OR PAVEMENT MATERIALS.

a. Rocket Burner X X

b. Conical bit X X

c. Mechanical grinding X X

d Concrete saws X X

e Rams and hammers X X

f. Klarcrete cutter X X X

g. Coring saw X X

h Vermeer cutter X X

1. Heater-planer X X

| Disc cutter X X

k. Toothed cutting edges [ X M X
Task U REMOVE OLD DECK, PAVE- ]

MENT OR BASE MATERIAL |

a. Saw and |:1ft X _ X

b. Vacuum suction X 1 _X

C. Mechanized removal _ X . X
Task 5. CLEAN, DRY OR PREPARE

PATCH AREA OR SURFACE AREA

a. Rocket Burner X X

b. Heating torch X X

c. Water jets X X

d. Airjets X X

e. Vacuum sucticn units X X

f Sand blasting N L X X

g. Acid etching X X
Task 6. PREPARE OR PLACE FORMS

SCREEDS OR OTHER MATERIAL

CONTROLING DEVICES

a. Pull 1n place forms X X

b. Leave in place forms X X

c. Elevating platform X 1 X
Task 7. APPLY TACK COAT OR

BONDING MATERIAL.

a. Pressure sprayer | X X

b Brushed cn X X
Task 8. MIX AND PLACE PATCHING

SURFACING OR SEALING MATERIAL

a. Pre-cast concrete slabs X _ X

b. Band-aid X X

¢ Portable batch plants X X

d. Repaver X X

e Insulated transport boxes X X

f. Spreader boxes —f X X
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Table 1 {Zont.)

Equipment and Material
Availability Current Applicability
| 2 3 y 5 6 7
Commer - Immedi-
Local cially ately
Experi- Fabri- Avail - Experi- Appli-
R Technx ue mental caticn able mental Limited cable
Task 9. COMPACT VIBRATE,
SCREED, ROLL OR FINISH PATCH-
ING OR SURFACING MATERIAL.
a. Vibratory compactor X X
b. Portable rollers X X
€ Drag boxes X X
Task IO APPLY CURING OR BLOTT-
ING MATERIAL.
a. Paper roller X X
b+ Sprayed curing compounds| X X
€. Sprayed sand X X
d;;, Other agents [ IR X X
Task I1. CONSTRUCT TEMPORARY
TRAVEL SURFACE OVER REPAIRED
AREA.
&  Steel plates T X X X
Ta-k 2. CLEAN OUT JOINT (‘R
CRACK.
a. Rocket Burner X X
| b. Plowbit . _ | X X
| c. Rotary drill X X
d. Disc cutter 1 X : X
e. Tennant router .l X 1 X
f. High-pressure Jets X ] X
g. Vermeer cutter X X
Task 13. FILL JOINT OR CRACK
a. Poured-in-place . X 1 X
b. Extruded neoprene X | X
c. Pressure applied X 3 X
| d. Foamed in place X | X
e. Pre-formed fillers 0 R S X X
Task I4. LOCATE, LAYOUT,DRILL
OR PREPARE MUDJACK HOLES.
Template X X
b Multiple head drills_ _ X X
| c. Ultrasonic drills L ox X .
d. Horizontal drilling _ | X
e. Hand-held drills — 1 X X
e et s e b e
! Tacsk 15. PREPARE SLURRY AND PER- i
i FORM MUDJACKING. i
a. Concrete mixers X ‘ X
b. Combination mixer & jack 3 X i X
c. Hortzontal Jackung D B X o X
Task 16. APPLY LIQUID COATING : | !
TO SURFACES. I ! i i X
a. Pressure spray bar : § X
b. Slurry boxes I | T—— SR —
— " Wand spray norzies 1| 1 A
Task 17. SPREAD AGGREGATE ON
SURFACE . y X
a. Tailgate spreaders = | : X
b. Wheel-mounted spreaders X . X
c. Self-propelled spreaders | o X . i
de "_Prressu re spray f—ﬁ-;_’;-',i_—,f—,_-;:_ o ,,_._,m__—_x___, G :
Task 18. MISCELLANEOUS TASKS.
a. Wooden plugs for mudjack ! X
holes S A S SR ; X
b. Brldge membranes #_[ . _
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Figure 8. Sign train used to expedite placing traffic controls.

(b) An electronic device has been used to detect hori-
zontal cracking or delamination in concrete bridge decks.
The device is a mobile cart with two rolling acoustic re-
ceivers spaced 12 in. apart, two tapping wheels 6 in. apart,
and a 2-pen recorder by which variations from a straight
line are scribed on a roll 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 from 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
mill 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 in.), is used to make full-depth, one-
piece circular cuts in concrete pavements (Fig. 11).

(d) A large (7-ft diameter) power-driven wheel, fixed
with carbide-tipped cutting teeth along its rim, is used as
a massive concrete saw to cut full-depth, 3%%2-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) After 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 lifting sections with crane or front-
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 from a rocket burner is
used to remove loose material and moisture.

(b) Water jets have been used to clean dust and loose
material from a patch area while concurrently wetting the
area for 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 from a patch area.

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

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 form has been installed by pulling it into place with
rope or wire dropped through the deck opening. When the
form is in place it can be tied or welded to re-bars for
permanent positioning during and after patch pour.

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

Task 7. Apply tack coat or bonding material.

No innovative techniques were identified for 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 with a tack coat to
cover minor surface defects in a bituminous pavement, the
patches have been applied face down (with the paper back
up), where it 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 expansion 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 for resurfacing.

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

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

(a) A vibratory-plate compactor for small bituminous

patches has been carried on a tilting platform suspended
beneath the dump truck bed for easy, rapid use and
transport.

(b) Tailgate-transported rollers, heated or unheated,
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 roll 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 from a propane burner
(rocket burner) has been used to rout out bituminous
concrete cracks and form a reservoir for 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.

(¢) A power-driven rotary cone-shaped drill mounted
on a small wheel carriage has been used to cut a V-groove
in a concrete pavement crack to form a reservoir for
sealant.

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

(e) A large (7-ft diameter) wheel, power driven, fixed
with carbide-tipped cutting teeth along its rim, 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
with shoes for 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 drill holes concurrently.

(¢) 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 from trenches cut in the shoulder for 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 for 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 for pumping slurry from 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 front 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 for 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 for 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 for spot locations and for 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. With 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 for 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 for 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 following 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 for 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 for reduction. Figure 20
shows the distribution of occupancy time for 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 18 Observed distribution of roadway occu-

pancy ume 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 ttme when men could have worked (re.,
when work was available to be done) but did not work.
This was evaluated by plotting crew balance charts and

TRAFFIC CONTROL

Figure 20 Average distribution of observed roadway occu-

pancy nme for concrete, cast-in-place, full-depth repars.
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Figure 22 Average distribution of work nme man-hours for
activities shown in Figure 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
ume period as shown in Figure 22, Thus, the man-hours
that could have been productive were (42 + 26) 68 per-
cent of the total.

The observed productive man-hours also can be ex-
pressed m terms of efficiency Because 42 percent of the
achievable 68 percent productive man-hours was reahized
in the observed activity, the efficiency of the crew can be
computed as *6s X 100 = 62 percent

CURRENT AND ACCUMULATIVE OCCUPANCY TIMES

Roadway occupancy time can be measured under two con-
siderations In the first, the maintenance manager 1s con-
fronted with the need to make an immed:ate local repair
which requires that a mamntenance 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 nvolves prescheduled mainte-
nance work programs requiring repeated roadway occu-
pancy over a large area and over a long period of time. In
these sttuations, 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 1n 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 5%2 hr, or
a total of 16%2 hr for the three sites Assumung 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%2 hr over the three separate, short, occupancy
periods.

Obviously, selection of occupancy time 1s controlled by
traffic volumes 1n 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 n 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 techmques data were developed
that can be used to predict the length of time required to
perform a given amount of work using each techmque. (See
Appendices F and G.*)

It was recogmzed 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 published herein, but 1s Iisted here for
the convenmence 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 cond:-
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 1n a variety of accomplish-
ment units, including volume, area, depth, length, site, and
occurrence. Statistical and curve-fitting analyses were made
for the vanous relationships and the best, in a statistical
sense, selected and put into a standard time format

The majonty of the standard times established during
the study were for techniques that are routinely used by
most highway marntenance agencies Although not com-
plete, the standard time values developed represent an im-
portant step toward a data file on maintenance techmques
useful for a variety of management and planming 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 1s a function of the face area of the cut, which
1s computed by multiplying the cut depth times the length
of the cut. Thus,

lenmond =20 +1 334
Tcnrhlrle =15 + 4 964

where T is standard time (mm) and A 1s area (sq ft).
Based on the models, a 12-ft by 1-in. concrete cut would
require about 6% min using a carbide blade and 3% mmn
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,
1t was possible to develop models for partial-depth concrete
breaking. Thus,

Teo=3.5+ 7.19V
T, =4.5+ 30.65V

where V 1s volume of concrete broken out (cu ft). Using
a 60-Ib 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 1s shown 1n Figure 25.
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Pavement, Concrete, Breaking, Full-Depth

For full-depth, cast-in-place concrete repair operations, the
hydraulic ram proved to be an effective and quick tech-
mique 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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Also observed 1n 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 1n
the perimeter area of the repair.

Models for each technique were developed Thus,

Th\(lrunlh ram — 25 + 0.074
Till‘up hnmmer — 3.5 4+ 0.054

where A 1s 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 techmque for cutting expanston
joints or relief joints 1n concrete pavements in a single pass
The equipment 1s self-propelled within the work site areas.
The standard ume 1s a function of linear feet cut Thus,

T onerete = 3.5+ 033L

where L 1s length of cut (ft). Thus, a full-depth concrete
cut 3% 1n. wide and 12 ft long can be made 1in approxi-
mately 7% mun. Figure 27 shows the time curve for cut-
ting concrete pavement

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

The percusstve cutter chips away concrete, thus combining
the cutting and material removal operation. This equip-
ment ts 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 1s a function of the volume of
the cut and the number of percussive heads Thus,

T=35+211(V/PH)

where V 1s concrete volume (cu ft) and PH 1s percussive
heads (number). Thus, the equipment will cut a 16-sq-ft
area, 2 in deep, in approximately 50 min A plot of the
model with 11 percussive heads operating 1s shown 1n
Figure 28

Pavement, Concrete, Removal, Partial-Depth

For a man using a shovel to remove concrete after 1t has
been broken by an air hammer, a model was developed
Thus,

T=104633V

where V 1s volume (cu ft). Observed partial-depth patches
ranged from 2 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
1s approximately 14 min The time-volume relationship 1s
shown n 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=2540.11V

where V is volume of broken concrete (cu ft). As an
example, approximately 13%2 mn 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=2040044

where A 1s patch area (sq ft) For a 12-ft by 14-ft patch,
the model predicts 9 min would be required to complete
the compaction task. A graphic representation of the model
1s shown 1n Figure 31

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

Following the mechanical removal of broken concrete 1n 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 1s a function of the
repair area and the number of men working within the
patch area with shovels Thus,

Tfl(\lll—('ll(l londer — 220+0 037(A /C)
Tlmcl\hoe =14.0 + 0037(A/C)

where A4 1s patch area (sq ft) and C is crew size (men).
For a 300-sq-ft area and a three-man crew, 1t would take
26 mun to fimsh preparation following a front-end loader
and 18 min following a backhoe

Figure 32 shows the model for a range of crew sizes
following a front-end loader. The same range 1s shown 1n
Figure 33 for the model based on following a backhoe

Pavement, Concrete, Edge Fornmung, Full-Depth

Frequently. 1t 1s 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 imited 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,

T=15+164(L/C)

where L 1s length of forming (ft) and C 1s crew size (men)
A two-man crew forming a 24-ft-long concrete pavement
edge would require about 18 min This relationship 1s
shown 1n Figure 34

Concrete, Place, Partial-Depth

This technique 1nvolved placing ready-mix concrete 1n pre-
pared partial-depth patch sites The operation included
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Figure 29 Remove broken concrete tn a partial-depth repair
site with a hand shovel

discharging mixed concrete into the patch site and com-
pacting by one man using a vibrator The standard time 1s
a function of the volume placed in a 1- to 4-in -deep patch
site Thus,

T=054056(V/C)

where C 1s crew size (men) and V 1s volume (cu ft) Based
on the model, about 7 min would be required for one man

21

o
o

TIME (MINUTES)

1 ! ! I f
100 200 300 400 $00
AREA (S.F)

Figure 26 Break concrete full-depth
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Figure 30 Remove full-depth broken concrete pavement with a
front end loader or a hydraulic hoe

900

to place 12 cu ft 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 mitial strike-off, was based on the con-
tinuous discharge of concrete from a ready-mix truck. The
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model 1s a function of the volume placed and the size of
the placement crew. Thus,

T=254020(V/C)

where V 1s volume of concrete (cu ft) and C 1s crew size
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Figure 31 Compact base for a full-depth patch with a mechan-
cal tamper
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Figure 32 Manual preparation of base at a full-depth concrete
patch site 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 1n approximately 12 min

This model 1s 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 nto place 1n partial-
depth patch areas The model was developed by combin-
ing requirements for each of the components of the tech-
nique Thus,

T=8004+097V +027V"*

where V 1s volume placed (cu ft) Batching, mixing, and
placing a 2V2-cu-ft concrete patch requires about 15 min
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 1n
mortar mixer, and placing concrete 1n partial-depth patches
Thus,

T=90+097V

Batching, mixing, and placing 3 cu ft of concrete requires
about 12 min The time can be reduced by about one-third
if matenials have been pre-portioned (usually bagged n
premixed unmits 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 Fish, 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 1s a
function of the area fimshed and the crew size in the model
Thus,

T=(25+0174)/C

where A 1s patch area (sq ft) and C 1s crew size (men).
For a 12-sq-ft patch, one man would require approximately
4%4 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 1s a function of area and crew size. Thus,

T =16.5 4+ 0.066(A4/C)

where A4 1s area finished (sq ft) and C 1s 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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Concrete, Spray Curing Compound

This technique consisted of one man with a hand spray
pressure tank applying a concrete curing compound. The
standard time 1s a function of the concrete surface area as
shown 1n the model (Fig 41). Thus,

T =054 0.0244
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Figure 39 Hand fimsh and texturize a small concrete patch
surface

where A4 1s concrete surface area (sq ft) A 200-sq-ft con-
crete patch would require slightly more than 5 min to cover

Concrete, Apply Burlap Curing Cover

This technique consisted of a two-man team placing 12-ft
by 2-ft burlap strips 1n a double-layer thickness over a
concrete pavement patch. The standard time 1s a function
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of patch area and the number of crew members. Thus,
T=25400364/C

where A 1s concrete patch area (sq ft) and C 1s 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. Fuush and texturize a large concrete paich surface
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Figure 41 Apply curing compound to concrete with a pressure
sprayer
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Figure 42. Place burlap curing strips over concrete paitch area

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.

Trouter = 2.00 4+ 2747  (D/150)(J — 1)
Ty = 2.5+ 3.70J 4+ (D/150)(J — 1)

where T 1s operation time (mn), J 1s number of 12-ft
joints, and D 1s distance between joimnts (ft). To clean 100
joints, with a 50-ft joint spacing, will require two men
approximately 6 hr using a router and 63 hr using a pick.
A range of joint spacings 1s 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 1s covered, and the time re-
quired for the sealant to seep nto 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
T oinueopts = 6.5(P — 1) + 0 042(LP)J + (D/150)(J — 1)
T\ ossurizea = 6 5(P — 1) + 0.024(LP)J + (D/150)(J — 1)
where D s distance between joints (ft), L 1s length of joint
(ft), P 1s number of passes per jont, and J 1s number of
joints When the joint spacing 1s 50 ft, the moving time 1s
equal to 0 33 min Based on two passes per 12-ft joint, the
time required to seal 150 joints 1s 290 min (4 8 hr) using
a cornucopia and 210 min (3 5 hr) using pressurized equip-
ment Figure 45 shows the time 1n 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

TABLE 2
MEAN STANDARD TIMES FOR VARIOUS TASKS

STANDARD

TIME
TASK (MIN)
Place preassembled contraction joint assembly 86
Batch and mix concrete in a mortar mixer 57
Batch and mix epoxy tn mortar mixer 13.3
Install 12-1n pre-formed expansion filler 9.3
Establish road closure (three men) 150
Dnill concrete with air hammer 4.8




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 1n the areas of

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

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

3. Job-site supervision and control.

4. Equipment selection, readiness and rehiability.

I3

These management procedures are discussed in detail 1n
Chapter Three, “Application and Use of Findings.”
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Figure 45 Seal concrele pavement transverse 12-ft 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 1s 1n the performance of the work
The bulk of the data collected and the findings included 1n
this report are directed toward improving work techniques.

PROCEDURES

A procedure was developed for preplanming a maintenance
activity It allows the best available techmques to be 1n-
corporated 1nto 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 1in 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 1s necessary to determine the tasks that will be required
in 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 techmques described n this report offer a
limited pool from which to draw for each task

Computation of Technique Work Time

A standard time model was devecloped 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 s an
efficiency factor based on observations of good practice,
and on information 1n the literature related to reasonable
levels of work efficiency In general, efficiency for mecha-
nized and short-duration tasks 1s 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 1n 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 technmique 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 1s 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 in 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 orgamzation 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 1s 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 PLANNING PROCEDURE

To 1llustrate the application of the activity planning pro-
cedures outlined in the foregoing discussion, the following
example 1s offered.

Assume that 1t 1s 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, 1s 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 ft on both
sides of the joint The pavement thickness 1s 10 in The
iitial crew size should be the minimum feasible and will be
based on technique requirements

Step I Tasks must be 1dentified. This activity will re-
quure 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 matenal.

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

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

7. Mix and place patching, surfacing, or sealing maternals.

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 1n Table 3. For each technique, a standard
time must be computed In this example, the number of
equipment units requiring drivers 1s five so the crew mini-
mum 1s 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, =2W(D/12)
=2X 12X HA2=45sqft
in which 4, =area of saw cut (sq ft); W = transverse

pavement width (ft); D = depth of saw cut (in). The
patch area and patch volume can be computed:

A=W XL
= 12X 12 =144 sq ft
V=A4AXD/12

= 144 X 10/12 =120 cu ft

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

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 1n Table 3.
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TECHNIQUE STANDARD TIMES FOR REPAIR OF FULL-DEPTH
CONCRETE (Example Procedure)

GROSS EFFI- NET
STANDARD TIME CIENCY TIME

TECHNIQUE VALUE (MIN) FACTOR  (MIN)
Make perimeter cut with

diamond saw 20+1334 7.32 1.00 7.32
Break concrete with

hydraulic ram 2540074 12.58 0.95 13.24
Remove concrete with

hydraulic hoe 254011V 157 095 16 53
Manually prepare base 1404 0.0374/C 1533 0380 19.16
Place prefabricated joint 86 86 0.80 1075
Place ready-mix concrete 254+020(V/C) 73 080 910
Manually finish concrete 16 54 0066(A4/C) 18 88 080 23 60
Burlap cover to cure 2540036(4/0C) 3.80 085 447

Step 4 The crew balance chart 1s 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 mantenance activities that re-
quired substantial roadway occupancy time were.

Partial-depth concrete pavement repairs
Full-depth concrete pavement repairs
Expansion joint repairs.

Contraction joint sealing.

Mudjacking.

Nk wN=

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 1s presented to predict occupancy times for a
range of workloads A precast, full-depth concrete repair
also 1s presented because 1t eliminates the cure period asso-
ciated with the cast-in-place repair and represents a promis-
1ng new technique for this activity

ACTIVITY Pavement, Concrete, Patch, Full‘Depth
CONDITIONS Single site, single patch area, cast 1n place
SUMMARY OF TECHNIQUES

Full-depth breakout, removal and replacement of a defective sec-
tion of portland cement concrete pavement using the following tech-
niques

Saw the 1imits of the defective area with a concrete saw
Break the concrete i1nside the 1imits 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 joint device
Place reinforcing mesh and ready-mix concrete

Manually fimish concrete with bull floats, trowels and edging
tools, drag with burlap

Manually cover concrete with wet burlap

The activity does not include yard preparation or travel to and
from work site

RESOURCES RFQUIRFD
EQUIPMENT MATERIAL
NOJCLASSIFICATT DESCRIPTION DESCRIPTION
2 | operators 1 | Concrete saw {with dia- water
3 mond blade) ready-mix p ¢ ¢
maintenance 1 { Truck (with water tank f '
men and trailer for burtap (12’ x 2
saw) A strips)
1 | Ram prefabricated joint

device
reinforcing mesh

accelerating admix-
ture

1 | Hydraulic Hoe
* | Dump trucks®

*  3s needed

+ for hauling away
broken out concrete

APPL [ CAl QCCUP,
MAXIMUM MINIMUM
200 ¢ f woc f 6 92 hours l 2,22 hours
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200

175

(CUBIC FEET)

150
PATCH VOLUME

125

100

Poad o+ occupancy tune resuirerent for a single full depth, cast in clace concrete

60

Set Up
Break

Break

Clean Up
Break

Set Up
Removal

Remove

Clean Up
Removal

Set Up
Level

Level Subgrade

Set Up
Joint Device

Joint Device

Set Up
cc

(SHNOM) 3IWIL ADNVANIIO AVMAVYOY

- position the ram
adjacent to patch
area

- fracture the con-
crete 1nside the
limits of the saw
cuts with the ram

- move the ram away
from the patch area

- position the Hydrau-
lic Hoe adjacent to
the patch area

- dig out broken con-
crete with a hydrau-
lic hoe and load 1n-
to hauling trucks

- move hydraulic hoe
away from patch area

- remove shovels from
materials truck

- manually remove
loose debris and lev-
el subgrade with shov-
els

- remove Joint device
from materials truck

- manually place a pre-
fabricated joint de-
vice and align it with
the original contrac-
tion joint

- secure the device n
position with metal
spikes

- remove tools from mate-
rials truck

- add concrete accelerator

to the concrete 1n the
ready-mix truck and mix
as per manufacturer's
specifications

[=]
n

ure 46

tLr

DETAILED ACTIVITY DESCRIPTION

This procedure is structured for the repair of a localized area of
deteriorated concrete at an isolated site With the entire crew pre-
sent for the duration of the activity, they are all available to per-
form any of the required tasks or support work

After the work site 1s zoned off, the perimeter saw cut, 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 joint assembly 1s placed and secured by two men Finally
the concrete 1s placed, finished, and covered with burlap by four men
The accelerated concrete 1s allowed to cure for 3% hours after which
the work site 1s reopened to traffic

Procedure

1 Traffic Control - zone off work site
with warning signs
and devices

2 Set Up - remove concrete saw
Cut from transporting
vehicle

attach hose from
water tank to the
saw

position and start
the saw

3 Cut - saw 2 inch deep
across the width of
the lane perpendi-
cular to the center-
Tine at the 1hmts
of the defective
section

4 Clean Up
Cut

turn of f saw

detach water hose

- replace saw on
transporting vehi-
cle

15 Set Up - position ready-mix
PCC truck
(cont ™) - assemble the chute

for the ready-mix
truck

- remove reinforcing
mesh from materials
truck and cut to
the required dimen-
sions

- start concrete vi-
brator

16 PCC - place a layer of
concrete 6 to 7 1n-

ches deep over en-
tire patch area

- position concrete
with shovels and
concrete vibrator

place reinforcing
mesh on first layer
of concrete

- place remaining con-
crete over entire
patch area until 1t
15 slightly above

the level of sur-
rounding pavement

strike-off the sur-
face of the patch
area with a 2" x 4"

- remove excess or
place additional
concrete in front of
the strike-off oper-
ation with a shovel
as needed

17 Clean Up - discard excess con-
PCC crete off the road-
way

wash tools and re-
turn them to mate-
rials truck




18

19

20

21

22

23

24

Set U

Finish materials truck

Finis|

Clean

Fimish

Set Up

Cover

Cover

Cure

Traffic Control - remove warning sign

p - remove tools from

2

9

h manually fimish the
concrete surface
with bull floats,
trowels, hand floats
and edgers

drag wet burlap over
the surface of the
concrete

Up

wash tools and re-
turn them to mate-
rials truck

saturate burlap
strips with water

cover the entire
surface of the patch
with two layers of
burlap

allow concrete to
cure for 3% hours

and devices

ACTIVITY
CONDITIONS

Pavement, Concrete, Patch, Full Depth

Single site, single patch, precast slab

SUMMARY OF TECHNIQUES

Full-depth cutout, removal and replacement of a defective section
of portland cement concrete pavement using the following techniques

Cut pressure relief trenches along the 1hmits of tne defective
area with a wheel cutter

Dri1l 4 11ft holes 1n the defective section

Insert pins and 1:1ft out defective section with a crane
Remove any remaining debris with a backhoe

Mix and place sand-cement mortar with mortar mixer
Place a pre-cast slab witn a crane

F111 longitudinal joints with sand-cement mortar to witmin 1 or
2 inches from top

Manually place fiber board 1n the transverse jJoints and seal all
Joints with hot poured rubberized asphalt

Manually broadcast blotting sand over joint sealant

MEN % MATERIAI
|CLASSIFICATION | N OFSCRIPTIAN OESCRIPTION  §
2|operators 1| truck (with trarler for water
3[maintenance wheel cutter) cement
men 1 | wheel cutter sand
1air compressor pre-cast siab
Iatr drinl fiber joint filler
1 | truck (tow compressor) rubber1zed asphalt
1 | crane Joint sealer
1 | asphalt kettle chains
1 | backhoe 11 ft pins
1 mortar mixer ratchet type chain
1 lmaterials truc binders
168 S F 72 S.F 1.6 hours 1.4 bours

KEY
TRAFFIC
CONTROL
) 1asx
| SAwW
2 BREAK 7 ?
3  REMOVE
4 LEVEL BASE @
S PLACE JOINT W
6 PLACE PCC | }—t 7 6 m
7 FINISH PCC 6 6 z
8 PLACE BURLAP _m_
— — S =
104
4 4
— — L—
CREW MEMBER A
Frourn 17 frew balanet rhart for making o 12° ¥ 12' x 9 cast e lace
concrete pavor@ent repair
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DETAILED ACTIVITY DESCRIPTION

Tms activity includes a full-depth perimeter cut, removal, and re-
placement of a section of deteriorated concrete pavement with a precast
After the traffic controls have been erected, a large
diameter wheel cutter 1s used to make a full-depth, 4-inch wide perimeter
cut around the patch area At the same t.ne, four 11ft holes are drillea
1n the slat with an a*r dr11)  The small triangular preces of concrete
not removed from the trench by the wheel cutlter are bioken loose with the

concrete slab

air drill  Lift pins are inserted 1n the holes and the slab 1s li1fted

out with a crane Any debris remaining 1n the hole 15 removed with a
backhoe  Sand-cement mortar 1s prepared in a mortar mixer and placed n
the hole to a depth of approximately one inch
the surface of the mortar 1s obtained with a strike-off frame and bar

L1ft pins are 1nserted 1nto the precast slab and 1t 15 liftec 1nto

The correct elevation of

place with a crare The joints are filled with fiberboard and sealed

with rubberized asphalt The joints are covered with blotting sand and

the site 15 reopened to traffic

Procedure

1 Traffic Control - zone off the work
site with warnirg
<1,ns und devices

drive wheel cutter
off of 1ts trailer
and 1nto position

set up stringlines
across pavement to
direct wheel cutter

2 Set Up
Trench

3 Trench

cut a 4 1nch pres-
sure relvef trench
around the perimeter
of the patch area
with a wheel cutter

drive wheel cutter
onto its trailer

4 Clean Up
Trench

5 Set Up remove drill from
Drall storage bin

remove strike-off
frame from mate-
rials truck

position strike-off
frame over the patch
area

f111 buckets with
sand and cement

start mortar mixer

- combine and mx sand
and cement and water

13 Set Up
Mortar

1n the mortar mixer

14 Place
Mortar

place the sand-ce- (1
ment mortar 1n the !
patch area i)
- position the mortar q L__~
with shovels / )
set the mortar ele- S
vation with a strike- =

of f bar

- remove excess mortar
with shovels

15 Clean Up
Mortar

remove the strike-
off frame and return
1t to the materiais
truck

16 Place
Precast Slab

screw 11ft pins nto
the threaded 1ift
holes in the precast
slab

11ft the precast
slab and lower 1t n-
to the patch area

adjust the plane of
the slab such that 1t
1s paralle) to the
surface of the mortar
; Thys is accomplished

by altering the

length of the chains
with ratchet type
chain binders

16

20

21

10

Clean Up
brill

Set Up
Lift

r
-
I

Set Up

- attach air hose

start air compressor

drill 4 1 ft holes
(1% 1nches diameter)
in the defective
slab

break out the wedge
of concrete remain-
ing 1n the trench
after the wheel cut-
ter 15 fimshed

turn of f the air
compressor

return drill to the
storage bin

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

wnsert and secure
11ft pins

attach chains from
crane to the lift
pins

11ft out the defec-
tive slab and place
on a hauling truck

detach chawns and re-
move 1ift pins

- position backhoe on

Prepare Subgrade roadway adjacent to

Prepare
Subgrade

Clean Up

patch area

remove remaining de-
bris from patch area
with a backhoe

move backhoe

Prepare Subgrade

Place
Precast Slab
cont

Ctean Up

Precast Slab

Set Up
Joints

Fili
Joints

o
=
b

Clean Up
Joints

manually assist the
placement of the
slab with crowbars

inspect the align-
ment of the slab rei-
ative to the adja-
cent pavement with a
straight edge

detach the 1ift pins

secure the 11ft chains
to the crane

move the crane

remove fiber joint
filler from mate-
rials truck

position asphalt ket-
tle adjacent to
patch area

f111 cornucopia with
hot asphalt

place fiber joint
filler in the two
transverse joints

f111 the longitudinal
Joints with cement
mortar to within 2
nches of the surface

restore shoulders 1n
kind

seal the joints and
the 11ft holes with
hot poured rubber-
1zed asphalt

manually broadcast
blotting sand over
the joint sealant

remove debris from
roadway with a broom

move equipment
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22 Traffic Control - remove warning signs
and devices l5ﬁ
l 15
-
KEY 10
TRAFFIC
- CONTROL
[ rask | 9
I ocut 1o
2 REPOSITION
3 DRILL HOLES 8 @
4 DRILL EXCESS s -]
5 REMOVE SLAB 0 2
¢ PREPARE BASE -
WITH BACKHOE H
7 HAND PREPARE :7 7 7 M
MiX 8 PLACE
8 MORTaR 5] [5] 6
9 PLACE PRECAST | [}
SLAB
10 PLACE FIBER =] [ 05
It SEAL !
12 BROADCAST Sanp| 2 s s
[}
E
1
CREW MEMBER A 8
Foue dy o v obalane caart tar o abang B2 A 12 A 9' precast con-
Crows AVE L 2pdN
L
ACTIVITY  Bridge Deck, Concrete, Patch, Partial Depth (=] <
<
v
CONDITIONS  Single site, cast 1n place s
o
SUMMARY OF TECHNIQUES 5
a
Location, partial-depth removal, and replacement of localized 3
areas of deteriorated portland cement concrete bridge deck using the -
following techmiques S
Locate exact perimeter of delamination by sounding with hammer @ §
and mark with keel o
Saw cut perimeter of patch to a depth of 1 inch E
Break out delaminated concrete with a 2% inch chisel bit attach- :
ed to a 60 pound air hammer PR
Remove debris from patch area with shovel :‘ E
Blow patch areas clean with compressed air & :
Mix epoxy tack coat o £
Mix fast setting mortar 1n mortar mixer g :
Apply epoxy tack coat with paint brush g &
Place mortar = §
Manually finmish with hand float and texturize with broom E. 5;:
<:
RESQURCES REQUIRFD T x ¥
MEN [ EQUIPMENT MATFRIAL R ez
i | _DESCRIPTION . == ¢ -
& oo
4|maintenance 1|60 pound air hammer fast setting cement QE'
men 1]2a1r compressor (150 CFM) sand §:
1 60 horsepower concrete water S
saw o
N
1 | mortar mixer {truck mount- 2t
ed) ©m
38
1 Jcrew truck il
1 | shovel o3
o
2 1hand floats v
1 Istreet broom az
=] 3
1 {materials truck - ~ -
APPL [CABL ANTITY_RAWGE
MAXIMUM I MIHIMUM Wm__mFﬁM (SHNOH) IWIL AINWINIOO AVMOVOY
10S F ‘ 2SF 2 2 hours 1.5 hours
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DETAILED ACTIVITY DESCRIPTION

This is a three-phase activity which 1s suitable for a number of
repair locations on a bridge deck The entire crew zones off the work
site prior to beginning Phase One

Phase One consists of locating, marking and sawing the perimeters
of the patches The second phase, which consists of break out and re-
moval of delaminated concrete and the cleaning of the patch area. begins
when the first patch has been sawed Phase Three consists of mixing and
applying epoxy bonding material, mxing and placing of mortar, and fin-
{shing and texturizing the surface of the patch When the last patch
1s blown clean the only remaining operations of the third phase are ap-
plying epoxy bonding material, placing the mortar, fimishing, and tex-
tur1zing of the last patch

The clean up for the third phase is completed during the necessary
cure time When all the patches have cured, the work site 15 reopened

to traffic
Procedure
Traffic Control - zone off work site

PHASE 1

Procedure

1 Imtial - remove saw from

Set Up truck
- connect water hose
to saw
- turn on water
- start saw
\

2 Mark - locate perimeter of
patch by sounding
with hammer

- mark perimeter with
keel

3 Saw - saw perimeter of
patch to a depth of
one 1inch

PHASE 111

Procedure

1 Imtial - start mortar mixer

Set Up
2 Set Up - f111 bucket with
Mix Mortar sand, cement and
water
3 Mix Epoxy - f111 buckets with ’

proper quantities
of the two epoxy

components

manually mix the
components

4 Mix Mortar charge mortar mixer
with prefilled buck-
ets of sand, cement

and water
allow mortar to mix

5 Apply Tack - spread coat of epoxy
bonding material on
surface with brush

6 Place - dump mortar from
mixer 1nto wheel-
barrow

- place mortar from \

wheelbarrow 1nto
patch

7 Fimish finish mortar with N \

hand floats
texturize surface by
dragging with street
broom

8 Return repeat steps 5 thru

7 unt1) one batch of
mortar has been used

repeat steps 2 thru
8 for next batch of
mortar

9 Recycle

4

Recycle

Final
Clean Up

PHASE 1
Procedure

1

10

Init1al
Set Up

Set Up
8reak

Break

Clean Up
Break

Set Up

Blow Qut

Blow Out

Clean Up
Blow Out

Recycle

final
Clean Up

Final
Clean Up

- repeat steps 2 and
3 for each patch

turn off saw
turn off water

disconnect water
hose from saw

return saw to truck

remove airhose and
hammer from stor-
age bin

attach airhose to
hammer

switch on airvalve

break out delami-
nated concrete with
2% inch chisel bit
attached to 60
pound hammer

switch off air valve

disconnect airhose
from hammer

switch on airvaive

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

switch off airvalve

repeat steps 2 thru
7 for each patch

return airhose and
hammer to storage
bin

rinse mortar mixer

rinse hand floats
and street broom
clean epoxy mixing
bucket

clean epoxy spread-
ng brush
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KEY v
TRAFFIC
o CONTROL I
[ 7ask |
I MARK -
2 saw 8 1012
3 BREAK g
4 REMOVE 8 ~ z
5 BLOWOUT 7 ;l
MIX 8 PLACE -
6 EPOXY "
7 MIX & PLACEPCC
8 FINISH
—
2 054
| 2 ]
2
i
o]
CREW MEMBER Cc [}
1 ure 51 Crew balance cnari for raking three 4 square fool partial

cnoconcrete brilge deck re,airs

20 noLES

100

300

200

{S3LNNIN) 3INIL

(CuBIC FEET)

Roadway occupincy tiie tor muijacking one slab (oncrete paverent

QUANTITY

Figure 52

DETAILED ACTIVITY DESCRIPTION
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ACTIVITY
CONDITIONS
SUMMARY OF TECHNIQUES

Pavement, Concrete, Mudjack

One stte, five holes

Rarsing a settled portland cement concrete slab or filling a void
beneath slab with cement grout using the following techniques

Drill mudjack holes with hand-held air drills
Blow holes clean with compressed air
Prepare grout 1n a combination mxer and mudjack machine
Pump grout from mudjack machine into the drilled holes
Insert plugs tnto adjacent mudjack holes

RESQURCES REQUIRED
L MEN EQUIPMENT MATERIAL
[NOTCLASSIF DESCRIPTION DESCRIPTION
4 |maintenance 2 awr drills (1% inch portland cement
men so11 (within A-4
1 jarr compressor classification)
1 pater tank water
1 combination mxer and mud- | wetting agent
liack pump
2 [trucks

APPLICABLE QUANTITY RANGE
162 CF 10 CF

gf%PA?FV TIME
4 38 hours 1 84 hours

ment

This activity includes laying out and drilling the mudjack holes
followed by the mixing and pumping of the mudjack grout beneath the pave-

After the traffic controls have been erected, the foreman deter-

mines and indicates the location of each hole on the pavement with kee)
Two men perform the drilling with hand-held drills
being drilled, two men prepare the mudjack machine and mix the grout

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

nozzle and 1nsert plugs into any of the holes emitting grout

While the holes are

The other

two men shovel additional material into the mudjack machine hopper

Procedure

Traffic Control - zone off the work
s1te with warning
signs and devices

1

Locate

mark the location of

each hole with keel

Set Up - remove air drills

Orall

air hoses to drills
switch on air valve
walk to keel marks

=]
S
'

Clean Up
Drill

drills

drill holes through
the concrete slab

walk to compressor
turn off air valve
detach air hoses from

replace drills in

from storage bin
attach compressor

storage bin
Set Up - attach air cleaning

Blowout

devices to air hoses
switch on air valve
walk to holes
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7 Blow Out - blow out debris 11 Clean Up - pump any grout re-
from each hole with Pum, maining n the mac-
compressed air Tcont) hine of f the road-
way
8 g}g:noug - walk to compressor - pump water through
Liow LUt - disconnect cleaning the mudjack machine
:e‘”“s from air - return hoses, plugs
o0ses and tools to the
- replace air clean- materials truck
ing devices in the .
storage bin and re- 12 Traffic Control - remove warning signs
turn air hoses to and devices
take up reels
9 Set Up - place string line
Pump - attach hoses to mud-
Jack machine
- mix grout In speci-
fied proportions 1n
mudjack machine
10 Pump - wedge mudjack hose
nozzle 1nto hole and
pump grout
- alternate pumping
between the holes as
determined by the
foreman
- shovel additional
grout components 1nto
the mudjack hopper
as needed
- 1nsert plugs 1n holes
that begin discharg-
ng grout
- inspect the raising
of the slab with the
stringline
11 Clean Up - remove excess grout
Pump from the pavement
with shovels and wa-
ter hose
- remove plugs from
mudjack holes
ACTIVITY  Pavement, Concrete, Seal, Joint
CONDITIONS  One site, contraction joints
SUMMARY OF TECHNIQUES
Cleaning contractions joints of debrrs and filling with rubberized
asphalt using the following techniques
Clean contraction joint of live material with hook
Clean joint with gas-powered router
Blow joint clean with compressed air
Seall,)omt with rubberized asphalt from a pressurized asphalt
5] 5] kettle
KEY
) TRAFFIC CONTROL 3= 5~
Jrask S 5
| LAYOUT HOLES s 5 1 5 ~— g
2 PLACE STRINGLINE s 5 §
3 DRILL HOLES -
—] s~
4 BLOW OUT HOLES s lg
5 MIX 8 PLACE SLURRY | =
4 | 054 RESOURCFS REQUIRED
— ] MEN | FQUITPMENT MATERIAL
Nol CLASSIFICATION N DESCRIPTION __ DESCRIRTION |
4| maintenance 3| trucks rubberized asphalt
men 1] ayr compressor
1 | pressurized asphalt kettle
1| router
2 | cleaning hooks
00
CREW MEMBER
Ty . .3 7@ palrace ot for m od3aC tnioINe €Lt vt o, on I MAXIMUM ‘ MINTMUM
200 joints 25 Joints 9 62 hours I 1 38 hours
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DETAILED ACTIVITY DESCRIPTION

ACTIVITY  Pavement, Concrete, Repair, Joint
This procedure is designed for installing 12-foot long expansion

COMDITIONS  Expansion joint, 1 site, four 12 foot long joints . .
joints with 2 joints being done 1n one lane then changing the traffic

SUMMARY OF TECHNIQUES controls to do the remaining 2 joints in the other lane The crew is
The installation of expansion joints n portland cement concrete made up of 4 men with 1 man operating the cutter, 1 man sealing the

pavement using the following techmiques J01nts and the entire crew doing the other required tasks

Cut a 4-1nch wide trench across the pavement and perpendicular Procedure

to the centerline with a wheel cutter -

. 1 Set Up - remove cutter from

F111 the joint with a preformed filler Cut trarler

Seal the joint with rubberized asphalt using a hose and nozzle - position cutter for

from a pressurized kettle the first cut

Blot the rubberized asphalt with sand

2 Cut - cut a 4-inch wide

trench across the
pavement and one
foot into the adja-

cent lane
3  Move - move cutter to next
Joint
4  Sweep - sweep area clean
N
~ RESOURCFS REQUIRED 5 Move - move to next joint A
MEN ] EQUIPMENT MATFRIAL ] 6 Set Up - take preformed filler ~
[CLASSIFICATIONINO [ DFSCRIPTION DESCRIPTION Eall out of truck o
4( men 1| wheel cutter rubberized asphalt ) in - place and tamp pre- i
2| trucks filler formed filler into
the joint
1] pressurized kettle sand 3 1
1] broom 8 Move - move up to next
Joint
9 Set Up - move pressurized ket-
Seal tle up to joint N
- adjust controls to
correct setting N
10 eal - fill joint using
hose and nozzle from Ij
[ ZPPLICARIF QUANTITY RANEE DECIPANCY TIHE kettle
MAXIMUM MINIMUM MAXTMUM MINIMUM
4 - 12 ]omtsl 4 - 12' Jownts | 1.57 hrs, per ;]Lg
11 Move - move kettle to next
Joint
12 Repeat - repeat steps 1,2,4,
6,7,9,10 for the
second joint
13 Traffic Control - move the traffic con-
trols and equipment
to the adjacent lane
and repeat steps 1
thru 12
KEY
TRAFFIC CONTROL
[ rasx
f MOVE =
2
1 cut 2
2 SWEEP AREA =
3 PLACE FIBER 3
4 SEAL -
S BLOT

CREW MEMBER

Frjure 5¢  Crew balance chart for ma.ng four 12 foo. concr2te Lase ot
¢xan,ipn _oint renairs
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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 techmiques
were revealed in this search, but no potential breakthroughs
were 1dentified for most of the tasks studied Many of the
new techniques involved special equipment, material, or
circumstances not encountered n many maintenance
activittes

Dependence in the short range on innovative materal
and equipment developments for occupancy time re-
ductions offers less pronuse for most maintenance
activities than do improvements in 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-specd traffic conditions

One development 1s the use of precast or prefabricated
umits 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 1s 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-
g loss 1s low and no occupancy time 1s attributed to the
failure

Prefabricated repair umts can be prepared and stock-
ptled 1n 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 (1¢,
during heavy ranfall 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
cxperimental, sufficient data are available on these tech-
nmiques 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 reparrs justify such efforts by maintenance
managers

Another development of importance 1in reducing occu-
pancy time 1s 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
avaitlability of large-diameter cutting wheels for full-depth,
wide cuts 1n concrete slabs represents a new and useful
capability to mantenance crews Also new 1s the precise.
partial-depth cutting or “milling” capability represented by
cquipment now 1n 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 reparrs.

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 mn ob-
served scheduling and sequencing of tasks.

Field observation procedures developed and used 1n this
study offer valuable tools for use by managers in reducing
roadway occupancy time.

Time-lapse photography has proved to be an eco-
nomucal, 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 ft of 8-mm film, and the developed film
shown for review in less than one hour Often, major op-
portumities for improvements in activities are obvious to
experienced managers by this first review

The minimum expense nvolved 1n acquiring and using
this photographic technique makes 1t a valuable and de-
strable tool for all maintenance agencies Where managers
cannot go to the field, as 1s 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 1n 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 1n classroom tramning of supervisors and maintenance
crews

The system developed during the study can be used
to orgamize a maintenance activity prior to the occu-
pancy of the roadway and to predict the occupancy
tume that will be requured.

The system makes use of standard time data, established
for each task 1n a mamtenance 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 mamntenance activities and the
opportunity to control a significant amount of the mante-
nance program Management systems 1n 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
mdividual 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 1n this study was occu-
pancy time, but the standard data approach can respond
Just as readily to other constraints such as lowest unmt cost,
mimmum crew size, or equipment hmitations

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 1n occupancy time for many neces-
sary roadway maintenance activities. Continued research
directed to quick-setting, strong, durable patching materials
offers high payoft potential

2 Prefabrication of repair umts continues to require re-
search Composition and configuration of precast concrete
for handling, bedding, and bonding repair umts with exist-
ing pavements needs to be studied The techmiques 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

unmit identified was the “band-aid” surface patch. Further
study 1s needed to determine the need for and utility of
prefabrication of flextble pavement repairs

3 Many research needs exist in the area of mechamza-
tion of maintenance tasks. Promusing developments are
already being applied to maintenance tasks in concrete cut-
ting Research 1s being carried on n 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 techmques
to meet environmental requirements

Mechamization of matenal-handling tasks continues to
need many improvements The custom-batching of ready-
mix concrete now possible 1s a recent development of much
value in maintenance reparr 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-
erng 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 vaniables 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 defimtion has been
applied to a specific list of tasks that have been iden-
tified and given code numbers ) The task list 1s 1n-
tended to encompass all actions required to accom-
plish any of the activities under study

TECHNIQUE — A umique way of performing a given task

Occupancy TIME — The total elapsed time during which
a section of roadway 1s not available to traffic because
of a maintenance activity.

WoRrk ZoNE — The section of a roadway enclosed by traffic-
control devices

TRAFFIC CoNTROL TIME — The time required prior to the
inttiation of the other tasks and following the comple-
tion of the other tasks during which the traffic controls
are erected and removed

Cure TIME — The elapsed time between the completion of
the other tasks and the imtiation of the removal of

traffic control. durtng which matenial curing takes
place

DELAY TIME — An nterruption 1n the work time when no
crew member 1s working, e g., the crew takes a lunch
break or awaits materials arrival

WORK TIME — Any time during roadway occupancy time
when at least one crew member 1s working on a task

PropucTIVE MAN-TIME — The man-hours accumulated by
crew members on the road during occupancy time
actively working on a task.

NONPRODUCTIVE MAN-TIME — The man-hours accumu-
lated by crew members on the road during occupancy
time when they are not working on a task

AvOIDABLE NONPRODUCTIVE MAN-TIME — The nonproduc-
tive man-time accumulated by crew members when
work was available to be done

UNAVOIDABLE NONPRODUCTIVE MAN-TIME — 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).




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 14-2
BYRD, TALLAMY, MacDONALD and LEWIS
“Techniques for Reducing Roadway Occupancy
During Routine Maintenance Activities”

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

1 Of the techniques shown, please 1ist any for which you have methods
which will better reduce roadway occupancy time

Maint Tech No Comment

2 Do you have entirely different techniques to reduce roadway occupancy
time for any of the following activities

Activity Comment
a) Travelway patching

o} Shoulder patching

c) Travelway resurfacing
and sealing

d) Shoulder resurfacing
and reconditioning

) Crack and joint sealing
f) Mudjacking and sub-
sealing

g) Bridge deck repairing

3 If you nave field directives, photographs or other l1terature on any of
the above, we would appreciate receiving copies 1f available

4 To obtain full 1nformation on applicable maintenance techniques at a
minimum of 1nconvenilence to maintenance agencies, project team members
may wish to place phone calls or arrange visits to observe maintenance
procedures  Whom snould we contact in your agency for this purpose?

Name (please print)
Title

Agency

Address

Phone Number
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Questionnaire
NCHRP 14-2

Byrd, Tallamy, MacDonald and Lewis

"Techniques for Reducing Roadway Occupancy
During Routine Maintenance Activities”

Do you manufacture materials or equipment that are currently being
used or that can be adapted for use by road and highway maintenance

organizations for any of the following maintenance activities
Activity Yes No Comment

a Travelway patching

b Shoulder patching

c Travelway resur-
facing & sealing

d Shoulder resur-
facing & recond

e Crack & )oint
sealing

-

Mudjacking and
subsealing

o

Brid?e deck
repairin

If "yes", please enclose descriptive literature and photographs

Where and with which maintenance agency may this material or
equipment be seen in use or operation?

Should it be necessary to obtain further information, please
list the individual in your firm to be contacted
(Please Print)

Name

Title

Firm

Address

Phone No
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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 maternials, not always discerni-
ble trom the film, also were recorded on the log.

FIELD DATA LOG OF MAINTENANCE TASKS
NCHRP_14-2 MAINTENANCE TECHNIQUES FOR REDUCING ROADWAY OCCUPANCY TIME
BYRD, TALLAMY, MacDONALD and LEWIS, CONSULTING ENGINEERS
BY

The procedure log documented each task from the be-
ginning of the roadway occupancy period until it was ter-
munated This form proved valuable in evaluating the total
occupancy period because 1t caught both the initial traffic-
control nstallation 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
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APPENDIX D
DATA ANALYSIS FORMS

Two forms were developed to expedite the time-lapse film
data take-off process. The cyclic 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 ntervals
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NCHRP 14-2
BYRD, TALLAMY, MacDONALD and LEWIS

tUN'SUtl TNG ENGINEERS

TIMELAPSE TAKEOFF -- CYCLIC OPERATIONS
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NCHRP 14-2
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Task 1

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique

- Use of diminishing work zone

For Activities « Pavement, shoulder or bridge deck maintenance

Description of Technique

The roadway length occupied for
maintenance activities may be
reduced faster if a diminishing
zone arrangement 1s used

After the work zone {s coned or
signed off to traffic, work fs
to progress against traffic
within the zone and the "down-
stream" end removed as the work
progresses “"upstream "

This operation allows the work
zone to diminish in length as
the work progresses Also, time
requirements for periodically
moving the major traffic con-
trols at the beginning of the
zone are eliminated These
controls need only be removed

at the completion of the main-
tenance activity

Evaluation
An effective technique for returning

the highway to traffic where the type
of maintenance activity permits

Lepal
Spead

rection
of
Work

Lagal

Spesel

Work

4| Zona

Aheod|

Equipment Required
Naterial Required
Crew Required

Task 2

Traffic signs & cones, truck
None

Two highway maintenance men

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Infra-red Photography

For Activities - Concrete bridge deck patching and repair

Description of Techmique

An infra-red photograph is taken of the
bridge deck Since the infra-red film
15 sensitive to minute differences in
temperature, proper photo interpreta-
tions can determine areas of bridge deck
deterioration because the temperature
of sound concrete will be slightly
different from that of deteriorated
concrete with air and moisture en-
trainment

Evalutation

Experimental
skills

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

- Detecting deteriorated concrete by use of

electrical resistance measurements

For Activities - Bridge deck pidtching and repair

Description of Technique

A demonstration project 1s under
way to determine the degree of
steel corrosion 1n bridge decks
by use of electrical resistance
measurements

The presence of chlorides n
moist decks sets up galvanic
action between the steel rein-
forcing and the surrounding
concrete A voltmeter can be
used to measure the electrical
potential of this galvanic cell

One lead from the voltmeter is
attached to the reinforcing

steel The other lead is attached
to a saturated copper sulfate half
cell which is set down anywhere

on the deck By moving the half
cell over the deck it is possible
to measure and plot the equi-po-
tential contours and obtain a
“picture" of the deteriorated
areas The greater the voltage,
the greater the steel-concrete
corrosion Measurements may

also be taken through bituminous
overlays

Evaluation

Experimental

Equipment Required
Material Required
Crew Required

None

Task 2

[_/7\_lvmmer

Copper Sulphate
Half Cell
Concrete Surface—

Connection td"‘?J- -
1

Reinforcing Stee

L

.
o
-3
S

Ol
o

|
ﬁ
i

@ Areas of Corroding Steel

2 Technicians

Resistance measuring device

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique

- Elastic-wave interval timer for detecting

deteriorated concrete

For Activities - Concrete pavement and bridge deck patching

and repair
Description of Technique

Concrete condition may be indica-
ted by use of the principal that
direct and refracted wave veloci-
ties are slower in deteriorated
concrete than in sound concrete

Low-energy hammer impacts are ap-
plied on the surface of the
material at 3-inch spacings and
up to 3 feet from the receiver

The measured velocity in micro-
seconds is compared with standard
velocities of concrete having
known properties

In addition, an indication of
the condition of an asphalt-

concrete fnterface may be ob-
tained

Evaluation

Experimental Requires skilled
technicians for interpretation of
results

Equipment Required
Material Required
Crew Required

None
2 Technicians

J

oML CORCRETE OETEROWATIN Brimam

uagutcons

20

.
w0 €000 ComCATTe
16,000

Micro-seismic interval

timer



Task 2

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique

- Prototype equipment to detect delamination

in concrete bridge decks

For Activities - Concrete bridge deck patching and repair

Description of Technique

The Texas Transportation Insti-
tute has developed a prototype
detector called a "Thumper "

Two steel wheels transfer the
impact created by an oscillat-
ing solenoid enclosed 1n the
housing of the tapping device
illustrated

Two liquid filled rubber tire
tubes are run in parallel with
the tapper Pressure sensitive
crystal microphones, located
within the tubes, detect a re-
turn signal where delamination
exists

A signal conditioner processes
the detected signals and creates
the paper tape readout illustra-
ted

The readout tape speed is coupled
to a wheel tachometer so that the
exact location of delamination
can be established

Evaluation

Experimental Requires skilled tech-
nicians to interpret results

(¢
W\
]
%)
19
B
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Task 3

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique

- Dislodge existing deterforated pavement

materials using Rocket Burner

For Activities - Pavement surface repalr or patching Joint

repair
Description of Technique

A hand-held, cylindrical high-
velocity air-fuel burner is used
to break up and blow out decayed
and cracked concrete or bitumi-
nous material prior to patching
or joint repair

Nozzle velocity is 2000 to 3000
feet per second

Eliminates need to clean and dry
patch or surface areas prior to
material application

Evaluation

An effective and rapid technique for
cleaning and drying patch areas and
cracks

Propane
Compressor —

7BLE |
@Yaus )

Burner

Equipment Required
Material Required
Crew Required
Production Rate

Thumper

Equipment Required
Paper tape

Rocket Burner, compressor, propane tank,
vaporizer, truck

LEFT CHANNEL 4
______—__jHka_JA\JL_‘NL—_/
1 Technician Material Required Propane gas and air supply

200 1in ft /min for two parallel 3-inch wide Crew Required 2 Maintenance Men
paths Production Rate 24 sq faeet per min per inch of depth

Task 3 Task 3

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Precise, rapid cutting of existing concrete Technique - Cutting or sawing with a circular "cookje”

with a Klarcrete Cutter cutter

For Activities - Partial depth concrete pavement patching and For Activities - Full depth patching and reparring of pavement
repair and pavement base or subgrade

Description of Technique

Damaged or deteriorated areas
in the surface of a rigid pave-
ment can be precisely removed
up to four inches deep and four
square feet in area with the
British-developed Klarcrete
Cutter

The machine is placed over the
area to be removed and a sertfes
of pneumatic percussive hammers
or cutters mounted on a rigid
frame traverse the area, remov-
ing approximately 1/8 inch of
concrete at a time

Evaluation

An advantage in using this tech-
nique is that surrounding con-
crete is not damaged

The precise cutting permits a
precast slab to be used as the
replacement material with a re-
sulting reduction in roadway
occupancy time

The automated design permits a
two-man team to control up to
three machines operating day
or night

A7,

O S
I I

“///’/77;

Equipment Required
Material Required None
Crew Required

Production Rate

Klarcrete Cutter, compressor

2 Equipment Operators

4 ft x 4 ft x 4 in per 30 min

Description of Technique

This water-cooled circular saw has
carbide tipped blades and operates
like a coring device or hole saw

It uses two sizes of saw heads
efther 36 or 60 inches 1n diameter

An experienced operator may be
able to 11ft a sawed core out
of the pavement as the saw head
is extracted A three jaw tong
is also available for lifting
the cut disk

[

Evaluation

This technique of use to utility
companies operating on urban streets

Equipment Required
Material Required
Crew Required
Production Rate

"Cookie" cutter, electrical generator
Water supply
1 Equipment Operator

3" asphalt and 6" concrete/20 minutes
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Task 6

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Pull-in-place bottom deck forming for concrete

bridge

For Activities - Concrete bridge deck repair

Description of Technique Evaluation

The deterforated area in the bridge
deck will be removed back to sound
concrete and cleaned in preparation
for patching

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

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

The ropes are fastened to the pre- —
fabricated form and 1ifted up to
the underside of the deck

The forms are bolted through
steel angles resting on the deck

reinforcing steel The entire
assembly is left in place after /—
patch is poured
b (3 - A - -
-
2 ° S a * ‘ //;7
ol L. S ry “‘nl‘ N '.‘Td A“AA
/777 7 ]
" o T t

Equipment Required None
Material Required Plywood forms, bolts and angles of various sizes as
indicated

Crew Required 2 Maintenance Men

Task 8
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Placing band-ard prefabricated bituminous

patch

For Activities - Bituminous pavement surface repair
Description of Technique

The patches consist of a rubber-

ized asphalt poured on newspaper

or roofing paper and covered with
a layer of stone chips and dusted
with hydrated 1ime

The band-aid'patch is applied,
paper up, over tack coat Traf-
fic provides compaction as
necessary and the newspaper

soon wears off,

The patches may be prefabricated
during winter months and stored
for spring or summer application
in rolls or pre-cut patches,

Lightly cracked bituminous pave-
ment is first blown or swept clean
of debris and deteriorated mater-
fal A bituminous tack coat {s
sprayed in place

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

Equipment Required
Material Required
Crew Required

Compressor, air hose and nozzle
Prefabricated Band-Aid patches
2 Maintenance Men
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Task 8

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique

- Klarcrete precast concrete partial depth
repair system

For Activities - Concrete pavement patching or repair

Description of Technique

Concrete pavement sections are
precast in specific dimensioned
units for insertion into prepared
holes

Small sections may be lowered
into the hole by hand Yacuum
suction plate(s) also may be
used to 1ift the concrete sec-
tion into place

The slab is firmly seated and
Jeveled in a cement or epoxy
mortar bed

The precast slab may be pre-
heated for faster set of the
mortar bed in cold weather

Evaluation

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

Equipment Required
Materia) Required
Crew Required

Compressor, vacuum suction plates
Precast slab sections
1 Maintenance Man

Task 8

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique
concrete

- Compartmented truck-mounted batch plant for

For Activities - Concrete pavement and bridge deck repair and

patching
Description of Technique

On site mixing of concrete for
large repair projects may be
accomplished by a self-contained
mobile mixer

Compartments are filled with
unmixed dry materials

Upon arrival at the repair site,
mix proportions and volume are
selected and mixing of the re-
quired volume is accomplished

at the site

The Concrete-Mobile unit §)lus-
trated 1s available in 4, 6, 8
or 10 cubic yard capacities

Evaluation

An excellent but expensive piece of equipment

for mixing varying batch sizes of P C C for
partial or full depth patches

Equipment Required
Material Required
Crew Required
Production Rate

Self-contained mobile concrete batch plant
Concrete materials as desired

1 Equipment Operator and 2 Maintenance Men

1 cubic yard/2-4 minutes
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Task 8

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Insulated transport boxes

For Activities - Hot AC pavement patches and repair

Description of Technique

Truck or trailer mounted 1nsulated 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 pirece of equipment where a
great deal of AC patching is required,
can be purchased commercially or fabri-
cated by highway shops Since patching
15 a seasonal operation, some highway
departments fabricate or purchase units
for insert on dump truck bodies

Equipment Required
boxes for hot mix, receptacle for removed material and
place for hand tools and portable roller

Hot mix

Two Maintenance Men

Material Required
Crew Required

Task 9
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

- Compaction of small bituminous patches with
portable vibratory compactor

Technique

For Activities - Bituminous pavement patching and repairing

Description of Technique

Specially equipped truck with infra-red heater, 1nsulated

Compaction of small bituminous
patches may be accomplished using
portable hand operated vibratory
compaction plates

A convenient and rapid method to
transport, load and unload such
equipment is to use a truck
mounted, hydraulically operated
platform

By lowering the platform, the
compactor may be loaded or un-
loaded easily by one man

Evaluation

An easily transportable valuable tool I
for compacting small asphalt patches i

Equipment Required Truck-mounted platform
Material Required None
Crew Required 1 Maintenance Man

Task 8

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique
replacement

For Activities

Description of Technique

The Michigan Highway Department

1s repairing deteriorated concrete
pavement with pre-cast concrete
stabs

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
it is leveled to a required depth
using a template

A pre-cast slab s lowered i1nto place
and held by pipes until mortar sets
sufficiently to carry the slab weight

The two different joints being used
by Michigan are illustrated

Evaluation

An effective technique for replacing
full depth deteriorated slabs with
curing time cut to a minimum Lane
closure 15 usually a maximum of four
hours

Equipment Required
Material Required
Crew Required

- Use of pre-cast concrete slabs for repair

- Concrete pavement patching and repair

@® LxsTinG sLan
® rrccasT sun
© LauID JOINT sEaLER

(©) 8OND BALARER (ONL IND ONLY
© croxy woatan
() 3AND-CCMENT moATAR

NON-DOWELED JOINT

@ ctxstng suan
® retcast suas
© LQUID JOINT sEaLtR
© srere cowes

® riceo wowo

® sreee puare

© oTumvous sonT ricen
() 3AND-CEMENT woRTAR
DOWELED JOINT

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

Task 10

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique
roll

- Cover joint or crack sealant with paper from

For Activities - Joint and crack sealing

Description of Technique

Once joints or cracks have been
cleaned and filled, it is neces-
sary to cover the uncured seal-
ant on the pavement surface to
prevent tracking

Rolled paper on a spool with an
attached handle can be used to
apply cover rapidly and conven-
iently

Equipment Required
Material Required
Crew Required
Production Rate

Evaluation

A swmple and rapid technique to prevent
tracking Traffic eventually wears away
the paper

Long handled paper roller
Roll of paper

1 Maintenance Man

200 1in ft /min



Task 11
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Construct temporary stee! plate travel surface

over patch

For Activities - Concrete pavement or bridge deck patching and
repair

Description of Technique

Steel plates of several thick-

nesses up to 1 inch and several
dimensions should be carried in
the supply truck ready for in-

stallation

A front end loader or small
crane may be used to unload and
place the plate by use of an
eyebolt screwed into a nut
welded to the center of the
plate This nut 1s not removed
from the plate

For concrete patches a l-inch

tayer of bituminous cold mix may
be spread around the edge of the
patch to help seat the plate and

allow space for plate deflection "
and avord damage to the new con- > Y - P >
Crete a. 4 » .
> 4 & P}
Bftuminous wedge courses are N ‘4 a a > "
applied around the entire a <

plate but are not required 1f
the plate is beveled on the edge

Evaluation

Permits traffic to use lanes while concrete
1s curing Where lanes must be opened for
heavy traffic, thys 1s an effective tech-
nique  Normally limited to pavements wyth
traffic speeds less than 35 mph Traffic
with greater speeds tend to move the plate

Equipment Required
Material Required
Crew Required

Front-end loader or crane, hook, eyebolt
Steel plate, bituminous mix
1 Equipment Operator, 2 Matntenance Men

Task 13
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - F111 expansion joint with foamed polymer

For Activities - Concrete pavement expansion joint sealing
Description of Technique Evaluation

Precisely cut joints are not necessary

After thoroughly cleaning the ex-
pansion joint, a foamed polymer
1s mixed in a bucket with & small
power-driven paint mixer

It is immediately poured to with-
in two inches of the pavement sur-
face Forms are placed to contain
the polymer during curing and to
insure a two-inch deep space for
the asphalt materfal

Once cured, the joint is sealed
with a poured rubberized asphalt

Adhesion to the concrete sides of the
joint is not long lasting under most
environmental conditions

Equipment Required
Material Required
Crew Required

Bucket and paint mixer
Polymer, rubberized asphalt, block form
1 Matntenance Man

51

Task 12
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - Clean out cracks with rocket burner

For Activities - Pavement crack sealing

Description of Technique

Cracks and joints may be cleaned
of debris or deteriorated mater-
{al prior to filling or sealing
with a propane fueled Rocket Burn-
er

Vi
Propane

Compressor

In bituminous pavement cracks,
the Burner forms a V-shaped
section which 1s clean and ready
for application of crack filler
material

Also moisture in the cracks or
Joints is removed in the process
of cleaning

e
Evaluation
An effective technique in AC pavement N1
or AC overlays l
R ! ~\-\\\\
AN " T

Equipment Required Rocket Burner, compressor, propane tank,
vaporfzer, truck

Propane and air supply

2 Maintenance Men

Summer--50 joints/day, Winter--100 joints/day

Material Required
Crew Required
Production Rate

Task 13
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique - F111 expansion joint with preformed bats

For Activities - Concrete pavement expansion joint sealing

Description of Technique Evaluation

Preformed expanded bats are used as
relief filler for newly sawed expansion
Joints

Expanded bats have better compressibility
than felt or fibre bats A1l tend to work
loose because adhesion under adverse en-
vironmental conditions deteriorates

After thoroughly cleaning, hot asphalt

1s poured into the bottom and the bat

is compressed into the open joint

Asphalt may also be poured along the

sides of the filler after it is n

place to eliminate flotation

After placing, the filler material
is sawed flush with the top of the
pavement

Resawing a new joint should take
place when the Joint compresses to
% inch in width

Equipment Required Saw

Material Required Expanded polyethylene, polyurethane or polystyrene or asphalt
impregnated felt or fibre bats
2 Maintenance Men

To be determined

Crew Required
Production rate
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Task 14

HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

Technique
template

- Layout mudjack holes with the aid of a

For Activities - Concrete pavement mudjacking

Description of Technique

Prior to drilling holes through
a concrete pavement for mudjack-
ing the holes must be laid out

frequently specifications exist
for the mudjack holes layout
pattern A pattern or ruled
template can expedite the hole
layout operation and insure com-
pliance with specifications

A paint spray can also is useful
in noting the locations indicated
by the template

The template shown rotates about a
spring-loaded bolt and the two arms
may be lined up for storage

Evaluation

Template expedites hole location where
standardized hole locations are required

Equipment Required
Material Required
Crew Required
Production Rate
Production Unit Cost

Template

$ 08/hole

1 Paint spray can
1 Maintenance Man
18 holes/minute

Task 14
HIGHWAY MAINTENANCE TECHNIQUE DESCRIPTION

- Trench shoulder area and drive pipe horizen-

Technique
tally beneath pavement, using pneumatic hammer

For Activities - Concrete pavement mudjacking
Description of Technique

Dig trench perpendicular to pave-

ment shoulder to accommodate pipe
and pipe driver with hand tools

Drive pipe with pneumatic hammer
horizontally into void beneath
pavement

Evaluation

This approach to mudjacking elimi-
nates the need to occupy the
pavement

Hand tools, air compressor, pneumatic hammer,
special mudjack head, pipe

Material Required None

Crew Required 2 Operators

Equipment Required

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 1dentified and studied
1s briefly described in summary form in Table F-1. A
mathematical statement of the relationships established 1s
presented under the standard time model heading and
makes use of the following variable terms

T = time estimate (min)
A* = saw cut area, length X depth (sq ft)
A = surface area (sq ft)
V = volume (cu ft)
L = length (hn ft)
P = applications (number)
R = rate (lbs/sq ft)

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

n = number of observations
S D. = standard deviation of the mean time esti-
mate
S E = standard error of the relationship estab-
lished 1n a regression analysis
Corr Coef. = coefficient of correlation for the regression
t = student’s ¢ for the regression coefficient
F = Fisher F for the regression analysis of
variance
E% = the efficiency factor assigned to the model
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STANDARD TIME DATA
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Techniques and Corr. E%
Technique Elements Standard Time Model n S.D. Sk Coef. T F 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 with Air Hammer

a
F.D.bP.C.C. Pavt-60# T = 3.5V 1 -- -- -- -- -- 90
P.D.CP.C.C. Pavt. or
B.D.-60# T =1.9+7.19V 47 -- 1.8 0.97 27 718 90

P.D. 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+12.8Y 3 -- 5.3 0.94 3 8 90
Break with Hydraulic 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 - 6.0 -- -- -- 90
Cut with a wheel cutter

P.C.C T =10.33L 6 = o7 L o -- 100

Bituminous T =0.16L 3 -- .2 -- -- = 100
Break Concrete with Per- (Model based on manufacturer's data)

cussive Cutter T = 3.2+#211(V/PH)  -- -- -- -- -- -- 90
Burn bituminous pavement

with Propane Burner T =0.012A 5 -- .6 -- -- -- 100

Break Concrete with Crane/

Drop Hammer T = 0.05A 3 -- 5 -= -- -- 90
Task 4
Lift Concrete with Crane
Insert Pins T=4.,7 6 n.9 — . = - an
Lift w/Crane T=1.7 6 0.5 -- -- -- -- an
Remove Pins T=2.2 6 n.7 - -- -- - an
Remove Broken Concrete
With F.E. L. or
Hydraulic Hoe T = 2.2+0.108V 23 -- 6l 0.96 16 254 95
Remove Broken Concrete
With Backhoe From
2' Expansion Joint T = 0.54V 2 - .7 _— _— s 90
Remove Broken Concrete
Manually
Full Depth T =4,67V/C 1 = e = S - 80
Partial Depth T = 0.1+6.33V 39 -- 2.8 8.98 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 n.90 2 4 95
Sandblast
P.D. T =0.30A 4 -- 1.5 1.00 63 4011 8r
Surface T = 0.095A 2 -- 3 -- -- s 8n
Prepare Base for Pre-cast
Slab With Backhoe T=17.4 5 2.0 -- = =Y s 90
Manually Prepare Base
Following Hoe T = 13.7+0.037A/C 7 -- 2.2 0.87 4 15 gg
Following F.E.L. T = 22.0+40.037A/C 3 - 2.2 . == -
Compact Base with
Mechanical Tamper T = 0.9+0.C4A 6 == 0.6 1.00 26 687 90
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TABLE F-1 (continued)

E%
Techniques and Corr.
Techniqug Elements Standard Time Model n S.D. S.E. Coef. T F Factor
Task 6
Form Full Depth Concrete
Patch T=1.64L/C 5 -- 13.4 0.89 3 11 80
Place Construction Joint
Assembly T = 8.60 7 18 -- -- -- -- 80
Place Dowels
Dr111 and Move T =1.82D 12 -- .5 -- -- -- 90
Mix firout T=11 1 -- -- -- -- -- 8n
Place and Move T=1.180 24 -- .5 -- -- -- 90
Task 7
Place Tack Coat
Enoxy - Brush T = 0.3+0.20A 23 -~ 0.8 n.99 31 974 95
Epoxy - Rag T = 1.1+0.44A 20 -- 08 077 5 29 95
Cement Grout - Broom T =1 0+0 09A 25 -- 15 0 80 6 40 95
Asphalt - Broom T = 1.0+0.044A 2 -- .5 -- -- -- 95
Task 8
Place Large Pre-cast
Concrete Slab
Insert Pins T=1.5 7 n.7 -- -- -- -- 9n
L1ft and Place T=47 5 1.4 -- -- -- - 90
Check Level T=10 4 0.5 - -- -- -- 90
Remove P1ns T=09 7 na4 -- -- -- -- 9n
Place Ready-mix Concrete
Full Depth T = 0.205v/C 23 -- 10.7 n 88 8 72 80
Partial Depth T = (0 2+0 56V)/C 10 -- 1.9 090 6 34 80
Pre-cast Mortar T=2.4+.03A 4 -- .9 0.67 1 1 80
Hand Mix Patch Material
Batch T=4.4 3 7 n.6 -- -- -- -- 21
M1x Cement T = 1.1+.27V 23 - .3 0.98 25 647 80
Mix Epoxy T=1137 1 -- -- -- -- -- 80
Place T =0 5+0 97V 113 -- n.8 08 18 338 80
Mix Concrete 1n Mortar
Mixer ( )
Prefilled _ . . . . 90
Batch Cement (Buckets g T=12 2 0.4
{F11ling - . o - - 100
Batch Cement (Buckets ) T=41 5 0.4
Mix Cement T=16 7 1.0 -- -- -- -- 100
Mix Epoxy T=13.3 3 12 -- - -- -- 100
Place T = 0.5+0.97V 113 -- ns 0.87 18 338 90
Task 9
Hand Finish
FD P.CC. T = 15.8+0.066A/C 10 -- 61 070 3 8 80
P D. Cement T = (1 9+0 17A)/C 51 -- 1.2 0.93 18 327 80
*P.D Epoxy T = (2 2+0 5A)/C 21 -- 37 0.88 8 67 80
Manually Compact
Bftuminous Patch T =0 097A 1 - - - -- -- -
Ro11 Brtuminous Patch
With Truck T = 0.097A 2 - 4 -- -- -- 95
Vitrate Concrete
Full Depth T =0 02v 6 -- 1.3 0.92 5 23 90
Partial Depth T=0.3 9 - 0.3 0.81 4 14 90
Vibrate & Screed Concrete T = 0 20L 8 -- 0.8 0.98 11 119 80

Compact Bituminous Patch
With Pneumatic Roller

T = 0.003A
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Techniques and Corr. E%
Technique Elements Standard Time Model n S.D. S.E. Coef. T F Factor
Task 10

Spray Curing Compound T = 0.024A 37 -- 1.2 0.92 14 105 95

Place Burlap Cure Strips T = 0.036A/C 18 0.1 -- -- -- -- 85

Hand Broadcast Sand T = 0.038A/C 2 .- .3 -- -- - 80

Cure Epoxy With Acetylene

Torch T = A/(0.2+ 07A) 3 -- 10 0.99 18 324 80
Task 12
Clean Routed Bituminous
Cracks With Rocket
Burner T =0.05L 4 .- .5 - - - 95
Clean Contraction Joints
Router Method
Hook T = 0.59/4t. 14 0.4 -- .- -- -- 80
Rout T =1 50/Jt. 13 1.0 -- -- -- -- 95
Blow Clean T =1.24/d¢t. 20 0.4 -- -- -- -- 95
¥Wire Brush Method
Pick T=3.73/dt 8 1.9 -- -- -- - 80
Brush T = 0.891/Jt 10 0.3 -- -- -- -- 95
Blow Clean T=124/Jt 20 0.4 -- -- -- -- 95
Task 13

Pour Sealant Into 12'

Joint With Cornucopia T= .50 60 .3 -- -- -- - 85

Pressure Apply Sealant

to 12' Joint T= .29 62 2 -- -- - -- 95

Install Preformed Filler T = 9.29 5 3.3 -- -- -- -- 80
Task 14

Dr111 Concrete With

Arr Hammer T = 1.85/hole 101 0.7 -- -- -- -- 90
Task 16
Use Squeegee to Apply
Seal = 5 5+3,028A/C 10 -- 5.8 0.65 2 £ 80
Task 17
Apoly Sand Blottinag With
Wheel Mounted Snreader T = 0.915AR 2 -- .2 -- - - 90
Apply Sand Blot Manuaily T = 2 024AR/C 3 - 2.5 - - - 80

)

Full Depth

Parti1al Depth
Bridae Deck

L = Front End lLoader
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Changes 1n Legal Vehicle Weights and Dimensions—
Some Economic Effects on Highways (Proj 19-3),

184 p, $8 40

Valuation of Awr Space (Proj 11-5), 48 p.,
$4 00

Bus Use of Highways—State of the Art (Pro). 8-10),
406 p, $16 00

Highway Noise—A Field Evaluation of Traffic Noise
Reduction Measures (Proj. 3-7), 80p, $4.40
Improving Traffic Operations and Safety at Exit Gore
Areas (Proj. 3-17) 120 p,, $6.00

Alternative Multimodal Passenger Transportation
Systems—Comparative Economic Analysis (Proj.
8-9), 68 p., $4 00

Fatigue Strength of Steel Beams with Welded Stiff-
eners and Attachments (Projy 12-7), 85 p,
$4 80

Roadside Safety Improvement Programs on Freeways
—A Cost-Effectiveness Priority Approach (Proj. 20-
7), 64 p, $4.00

Bridge Rail Design—Factors, Trends, and Guidelines
(Proj 12-8), 49 p., $4 00

Effect of Curb Geometry and Location on Vehicle
Behavior (Proy 20-7), 88 p., $4.80
Locked-Wheel Pavement Skid Tester Correlation and

Calibration Techmiques (Pro). 1-12(2)), 100 p.,
$6.00
Warrants for Highway Lighting (Proj 5-8), 117

P, $6 40

Recommended Procedures for Vehicle Crash Testing
of Highway Appurtenances (Proj. 22-2), 19 p,
$3.20

Determining Pavement Skid-Resistance Requirements
at Intersections and Braking Sttes (Proj. 1-12), 64
P, $4.40

Bus Use of Highways—Planning and Design Guide-
hnes (Pro). 8-10), 161 p., $7.60
Transportation Decision-Making—A Guide to Social
and Environmental Considerations (Proj. 8-8(3)),

135 p, $7 20

Crash Cushions of Waste Materials (Proj 20-7),
73p, $4 80

Selection of Safe Roadside Cross Sections (Proj
20-7), 57 p, $4.40

Weaving Areas—Design and Analysis (Proj. 3-15),
119 p,, $6.40



Rep. No Title
No. Title 9 Pavement Rehabilitation—Materials and Techniques
(Proj 20-5, Topic 8), 41 p., $2.80

160 Flexible Pavement Design and Management—Sys- 10 Recruiting, Training, and Retaining Maintenance and
tems Approach Implementation (Proj. 1-10A), Equipment Personnel (Proy. 20-5, Topic 10), 35 p.,
53 p., $4.00 $2.80
161 Techmiques for Reducing Roadway Occupancy Dur- 11 Development of Management Capability (Proj. 20-5,
ing Routine Maintenance Actwvities (Proy 14-2), Topic 12), 50p, $320
55 p.. $4.40 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), 32p. $2.80
14 Skid Resistance (Proy 20-5, Topic 7), 66 p,
$4 00
15 Statewide Transportation Planning—Nceds 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 (Proy 20-5, Topic 3-
05), 44p, $360
18 Erosion Control on Highway Construction (Pro).
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 (Proy 20-5,
Topic 4-06), 30 p, $320
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) 24p, $3.20
24 Mmmzing Dewcing Chemical Use (Proy 20-5,
Topic 4-02), 58p. $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 for Low-Volume Roads and City
Streets (Proj. 20-5, Topic 5-06), 31 p, $360
28 Partial-Lane Pavement Widening (Proj. 20-5, Topic
5-05), 30 p, $320
29 Treatment of Soft Foundations for Highway Em-
bankments (Proj 20-5, Topic 4-09), 25 p,
$320
Synthesis of Highway Practice 30 Bituminous Emulsions for Highway Pavements (Pro)
20-5, Topic 6-10), 76 p., $4.80
No. Tutle 31 Highway Tunnel Operations (Proj 20-5, Topic 5-08),
1 Traffic Control for Freeway Maintenance (Proj. 20-5, 29p, $3 20
Topic 1), 47 p, $2 20
Bridge Approach Design and Construction Practices
(Proj. 20-5, Topic 2), 30 p, $2.00
Traffic-Safe and Hydraulically Efficient Drainage
Practice (Proj. 20-5, Topic 4), 38 p, $2.20
Concrete Bridge Deck Durability (Proj. 20-5, Topic
3), 28 p., $2.20
Scour at Bridge Waterways (Proj. 20-5, Topic 5),
37p., $2.40
Principles of Project Scheduling and Monitoring
(Pro). 20-5, Topic 6), 43 p, $240
Motonist Aid Systems (Proj. 20-5, Topic 3-01),
28 p., $2 40
8 Construction of Embankments (Proj 20-5, Topic 9),
i8p, $2 40
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THE TRANSPORTATION RESEARCH BOARD 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 carried 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 from 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 for the general welfare by bringing together the most qualified individuals to deal
with scientific and technological problems of broad significance. It 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 with those of the National
Academy of Sciences, but it is independent and autonomous in its organization and
election of members.
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