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ABSTRACT 

The Pennsylvania Department of Transporta­
tion annually spends more than $30 million 
for repairing potholes. The production and 
productivity of pothole repair crews during 
1980 and 1981 were compared with the depart­
ment's performance standard. Crews were 
observed using an air compressor or a 
gasoline-operated tool for cutting. For com­
paction, either a 4- to 6-ton roller or a 
walk-behind vibratory roller was employed. 
Delays in crew deployment and during the re­
pair operations wete responsible for low 
production and productivity. Major delay 
categories were analyzed in detail and were 
found to be associated directly with inef­
fective management on the part of the crew 
foreman. Realistic reduction of the fre­
quency and duration of delays through the 
exercise of leadership and effective manage­
ment is discussed. The resulting time sav­
ings are incorporated into productive time 
to compute the production and productivity 
potential of five-person, six-person, and 
seven-person crews. It is shown that a crew 
of five, equipped with the slower (gasoline­
operated) cutting tool, can achieve the 
recommended performance standard. 

Productivity of pothole repair crews is a state 
highway agency objective that must be balanced 
against the need to produce a long-lasting repair. 
To achieve durable repairs, the repair crew must be 
provided with high-quality material and adequate 
equipment. Repairs must be made according to the 
proper procedure (l-l>• Even with the right material 
and equipment, however, many repair crews are under­
achievers with respect to productivity (manhours per 
ton) and production (tons per day) (_!,l). 

The objectives of this paper are to isoiate the 
significant factors that inhibit production and pro­
ductivity of pothole repair crews and to describe 
the steps that can be taken by the crew foreman to 
increase output. Throughout this paper, comparisons 
are made to the Pennsylvania Department of Transpor­
tation performance standard for manual repair of 
flexible and rigid base pavements (6). The standard 
includes a planning unit of 6 tonii"" per day and a 
productivity target of 4. 73 manhours per ton. The 
crew should consist of a foreman and four highway 
maintenance workers. Safety personnel must be added. 

STUDY PARAMETERS 

The recommendations in this paper are the result of 
a comprehensive pothole research program sponsored 
by the Pennsylvania Department of Transportation 
(l). The productivity analysis presented herein rep-

resents a portion of the overall study. The evalua­
tion of pothole repair practices is based on numer­
ous production studies of field operations conducted 
during the spring of 1980 and of 1981. The data col­
lection techniques were as follows: 

Field documentation of pothole repair, 
- Time-lapse photography, 
- Supplemental film notes, 
- Stopwatch studies, and 
- Debriefing reports and field notebooks. 

A total of 56 days were spent studying repair opera­
tions in eight Pennsylvania counties. Thirty-eight 
legislative routes, with moderate to high average 
daily traffic (ADT), were included in the studies, 
resulting in the observation of 462 pothole repairs. 

The crews that were observed used conventional 
repair equipment. All repairs were in flexible-base 
and rig id-base pavements. Both cold mix and hot mix 
were used as repair materials. Crew sizes ranged 
from five to nine, including the foreman but exclud­
ing personnel needed for traffic control. 

CATEGORIES OF POTHOLE REPAIR 

The production studies indicate that there are two 
distinct categories of pothole repair operations. 
The first category is characterized by highly dete­
riorated pavements exhibiting a large number of pot­
holes. Highway maintenance workers (HMWs) walk from 
one pothole to another. Except for traveling to the 
work location at the beginning of the day and re­
turning to the maintenance shed at the end of the 
day, little vehicular travel is required. When there 
are numerous potholes, each HMW can perform the same 
function on each hole. The performance standard in 
Pennsylvania covers this type of operation (6). Or­
ganizing the crew in this manner is referred to as 
"productionizing the work." This paper is limited to 
the characterization of this type of pothole repair 
operation. 

The second category of repair operation is one in 
which the frequency of potholes is very low. This 
means that the work crew must regularly load its 
equipment on the truck, retrieve safety devices and 
personnel, and drive to another work location. Much 
of the day is therefore consumed by travel and setup 
time. Obviously, the production rate (tons per day) 
defined in the performance standard cannot be real­
ized under these circumstances. 

ANALYSIS OF OPERATIONS ON ROADS WITH A 
HIGH FREQUENCY OF HOLES 

To be productive, a pothole repair crew must be 
aware of the operations that control the overall re­
pair process. In addition, the time required to per­
form each of the steps in a repair must be deter­
mined, and an analysis of the delays associated with 
each step must be made. 
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Times for Basic Operations 

A durable repair requires that the work be divided 
into several basic operations: cutting, cleaning, 
tacking, filling, leveling, and compaction (i and 
.H.UUt::r..::sun i:lllU "J."UUJlli:l.::S, Ullt'UU.L.U::illt::U Utl.C.c:IJ • u.::s.u1y i:.imt:­

lapse photography and stopwatches, the average times 
required to complete these operations were docu­
mented. These are given in Table 1 and are the re­
sult of numerous studies conducted under a variety 
of job and management conditions. It should be noted 
that all delays have been excluded. These times, 
therefore, represent ideal times for completing the 
work. 

TABLE 1 Ideal Time for Pothole Repair Processes (excluding 
delays) 

Probable Timea 
Operation (Minutes) 

--- ·------ ·-·---------
Cutting 

Air Compressor 

Pionj~rb 

C1eanifly 

One HMWc 

Two ff,IWs 

Tacking 

Fi 11 i ng 

One ftlW 

Two HMWs 

Leveling 

Compaction 

4-to-6-Ton Roller 

Essick Rollerd 

4.66 

7. 26 

7.61 

5. 58 

0. 77 

3. 72 

2.22 

1. 90 

8.64 

4. 79 

aWeighted average based on the pothole volume distribution. 

bGas-operated pavement breaker. 

cHighway maintenance worker. 

dWal k-beh.ind vibratory roller. 

Data for the cutting operations were collected 
for the air compressor and the gasoline-operated 
cutting tool. Both old and new air compressors were 
included in the study. Although all the gasoline­
operated cutting tools were relatively new, several 
were not properly adjusted, so their efficiency was 
reduced. Sharp and dull bits were noted for both 
types of pavement breaker. Experienced and inexper­
ienced operators were observed. The data from Table 
1 indicate that the gasoline-operated cutting tool 
took about 56 percent longer than the air compressor 
to cut a hole; however, the cutting advantage of the 
air compressor was partly offset by the greater 
mobility of the gasoline-operated tool (ll• 

Cleaning was performed by one or more HMWs with a 
shovel and broom. Cleaning time with the air hose of 
a compressor was treated as a delay and was not con­
sidered. The time required to clean a hole was a 
function of hole size and the number of HMWs per-
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forming the task. Usually no more than two HMWs per­
formed this task simultaneously. The times required 
to clean an average-size hole using one and two HMWs 
are given in Table 1. Two points are worth noting. 
First, contrary to what might be expected, the addi­
i:.iun u[ cu1 ext1:a HM"ri UiU nut 1:11.upur.i:.iUndi.t:ly 1.eUul.:I:: 
the time required to clean the holei in fact, the 
time was reduced by approximately one-fourth instead 
of one-half. This illustrates the inefficiency of 
adding extra HMWs to the crew. The second point is 
that cleaning is not necessarily the most time­
consuming operation in the total process. The idea 
that cleaning controls the rate at which potholes 
can be repaired is only partly correct, because most 
uf the cleanlng uperatiuns uuservecl we1e uaslcc1lly 
disorganized. The number of HMWs assigned to clean­
ing varied from pothole to pothole, and when two or 
more HMWs were deployed at a pothole, they often 
worked in an erratic fashion. 

The filling operation, like cleaning, was per­
formed by one or more HMWs. Although the introduc-
tion of a second 1L.'=1.W significantly reduced the fill-
ing time, it was not considered to be cost-effective 
because filling takes much less time than either 
cutting or cleaning. 

The compaction operations were performed with a 
walk-behind vibratory roller or a 4- to 6-ton 
roller. In general, the production studies showed 
that compaction times were highly variable; this in­
dicates the need for the state highway agency (SHA) 
L.- _____ .,!.::i_ ----- ____ ,.!_..!.L ___ ,!...:i_,..! ___ ~--- .LI...- ------
1..U ,l:11.UV.1.Ut:: IIIVl.t:: t::At'.L.1.1.,;.LL, yu.1.ut::.LJ.Ut::~ .LUI. \..lit: \,;Vllll:'Q\.,,;-

tion procedure. 
The data given in Table 1 illustrate the effect 

that failure to "productionize• the work has on crew 
productivity. Assume that a five-person crew is 
equipped with an air compressor and a walk-behind 
vibratory roller. The crew repairs one hole com­
pletely before moving to the next hole. Thus, two 
HMWs can be used for both the cleaning and the fill­
ing operation, The total ideal time can be calcu­
lated from Table 1 as 19.92 min. By assuming a den­
sity of 135 lb/ft' and an average hole volume of 
3.60 ft', the ideal daily production (assuming 335 
min of productive work time) and productivity can be 
calculated as follows: 

Id.ea! production= { [(60/19.92) (135)(3.60)]/2,000} (335/60) = 4.09 tons/day 

Ideal productivity= [5(335/60)] /4.09 = 6.83 manhours/ton 

This ideal rate is, of course, unattainable because 
no delays have been considered. Nevertheless, it 
serves to illustrate that even under perfect condi­
tions it is impossible to achieve the planning unit 
of 6 tons per day or the productivity target of 4.73 
manhours per ton unless the operation is prodnc­
tionized (.!_,~). 

Delays and Inefficiencies 

Operational Delays 

Delays are an inherent part of any operation, Al­
though they cannot be avoided entirely, many can be 
controlled--controlling and avoiding delays are at 
the heart of the management effort. Foremen must ex­
ercise leadership in this area. In the absence of 
leadership, delays will be uncontrolled. 

The production studies identified the delays that 
affected pothole repair on a daily basis. These have 
been categorized (Table 2) according to each basic 
operation. The delay times were determined from more 
than 95 hours of observation of 48 repair operations 
on roads with a large number of holes. Although all 
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TABLE2 Percentage of Total Delay Time for Each Operation 

Cutting Cl ea ning ~ Compacti on 

Activity Air Comp. Pionjara 

Receive Instructions 3 

Wait for Instruction/Observe 29 

Wait for Another Operation 4 

Wait for Mix to Arrive 

Wait for Pothole 4 

Move to Another Pothole 2 

Change Tools 

St art /Refuel/ Adjust Equ 1 p. 6 

Clean Hole with Air Comp. 5 

Wait for Traffic 0 

Per son al Delays 4 

Undetermined Delays 3 

Productive Work (Efficiency) 40 

aGas-operated cutting tool. 

repair operations will not necessarily be performed 
at the same level of efficiency as those studied, 
the data do reflect a typical crew that was orga­
nized to work on three to five potholes at once. 

The data in Table 2 highlight what is perhaps the 
most difficult task in controlling the produc­
tionized operation: the challenge to the foremen to 
keep the various operations progressing. In the 48 
repair operations studied, this was achieved with 
only marginal success, as evidenced by the fact that 
approximately 31 percent of the time available for 
cutting the hole was spent waiting for instructions. 
Marking the holes would certainly contribute greatly 
to reducing this lost time. Improving the efficiency 
of the cutting operation would have a positive ef­
fect on the other operations because the major 
source of lost time is waiting for a hole to be 
available to work on. The cleaning, filling, and 
compaction operations had production time losses of 
39, 37, and 59 percent, respectively. 

How common are the delay times that are given in 
Table 2? This can be answered, at least in part, by 
examining the data given in Table 3. It should first 

0 0 

33 3 10 

2 7 9 

9 

39 37 59 

2 0 3 

2 3 

0 0 0 

2 

9 z 3 2 

51 49 26 24 

be noted that the number of times an HMW was de­
layed, either by waiting for instructions or waiting 
for work, was roughly equal to the number of times 
an HMW moved to another hole. For the cutting opera­
tion, this suggests that the operator was waiting 
for instructions after completing each hole. For 
cleaning, filling, and compaction, delays due to 
lack of work occurred at a rate approximately equal 
to delays due to moving to a new hole. It can be 
concluded that the failure to keep the cutting oper­
ation progressing, which subsequently slowed the re­
maining operations, was a continuous problem and was 
not limited to a small number of crews. Delays of 
short duration can seem quite insignificant at the 
time, but the cumulative effect can be dramatic. 

Controlling Operation 

One of the time-tested principles of management is 
that equal energies and attention cannot be devoted 
to all of the tasks and subtasks constituting an 

TABLE 3 Frequencies of Occurrence of Selected Types of Delays 

Number of Times Observed 

Wait for 

Instruct ions/ Move to Another No Pothole 

Operation Observe Pothole Available 

Cutting 70 65 2 

Cleaning 22 19 47 

Filling 76 94 53 

Compact ion 21 51 63 

Total 189 229 165 
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operation. This principle holds true for pothole re­
pair. It is therefore important for the foremen to 
know which operation controls the level of crew out­
put, for it is there that foremen should concentrate 
their managerial efforts. 

vations indicated that when the gasoline-operated 
cutting tool was being used, the cutting operation 
controlled the daily production rate because it took 
longer to cut a hole than to perform any of the 
otner operations. When the air compressor was used, 
calculations showed that the cleaning operation took 
longest. It should be recognized that cutting and 
cleaning operations are performed in close proximity 
tn each other. Whan th11 c::l11anin9 controls produc­
tion, the pavement breaker operator tends to slow 
down so that he or she will not get too far ahead. 
If some distance is not maintained between the two 
operations, the cleaning will be delayed occa­
sionally because there is no hole available to work 
on. If too much distance is maintained between the 
two operations, the cutting operation tends t o slew 
down and the cleaning operation tends to acceler­
ate. Contrary to the analytic results, it is be­
lieved that in all but very unusual situations the 
cutting operation will establish the pace of the 
work. Because each operation affects subsequent 
operations, foremen should concentrate most of their 
managerial efforts on keeping the cutting operation 
from slowing down . 

Deployment Delays 

A crew cannot achieve high levels of production un­
less the work is productionized and continuous 
throughout the day. Delays in deployment, which re­
duce crew efficiency, have a great effect on 
production. 

Foremen need to be aware of the average amount of 
time that should be spent at the work location and 
the average time at which work should conunence for 
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the day. The following represents a realistic dis­
tribution of time for the total 7.5-hr shift: 

Task 
T,dvel t o job site, aeploy 

safety devices 
Organize and start equipment 
Coffee break, a.m. 
Start up after lunch 
Coffee break, p.m. 
Clean up and put away tools 
Retrieve safety devices, 
travel to maintenance shed 

rroductive work time 
Total 

Time 

l!!1.!& 

30 
10 
15 

5 
15 
10 

30 

ill 
450 

Having the crew arrive at the job site on time is 
only one aspect of crew deployment. For the opera­
tion to run smoothly, the material should arrive no 
later than 15-20 min after the crew begins work. The 
filling of holes should begin almost i nunediately, 
because the crew is waiting and the holes have been 
prepared. 

During the spring of 1980 the time parameters 
noted were recorded f or 13 patching operations in 
four counties. Sununaries are given in Table 4. Note 
that the filling began more than 1 hr after the 
holes had been prepared. This delay affected the 
cutting and cleaning operations. There should not be 
toe much time between the cleaning auu filling oper­
ations because this could create safety problems. 
The longer the crew waits to begin the filling oper­
ation, the greater is the likelihood that the cut­
ting and cleaning will be interrupted to allow the 
filling to catch up. 

Crew Size 

What effect does crew size have on production and 
productivity? Table 1 shows the relative ineffi-

TABLE4 Time Data on Crew Deployment 

Work Work Material Fi 11 ing 

Loe at i on Began Ar ri ved Delay Began De l ay Material 

8:45 9: 35 50 9: 45 10 Cold Mi x 

2 8 : 35 9: 15 40 9: 20 Cold Mix 

3 9: 15 9: 41 16 10 : 53 72 Cold Mix 

4 9: 53 Before 9: 53 0 11 : 36 103 Cold Mi x 

9:00 10:00 60 10: 57 57 Cold Mi x 

6 12:55 Before 12: 55 0 2: 00 65 Cold Mix 

9 : 18 10 :20 62 10 : 28 8 Hot Mi x 

8 10: 07 9: 50 0 10 : 15 25 Hot Mix 

9 10:00 Before 10:00 0 10 : 30 30 Hot Mix 

10 8:47 10:05 78 10 : 15 10 Hot Mi x 

11 8 : 10 9: 15 65 9: 25 10 Hot Mix 

12 8: 40 10: 15 35 10: 55 40 Hot Mi x 

13 9: 11 10:40 89 10 : 40 0 Hot Mi x 

Av er agea 9:13 9: 52 39 10 : 25 33 

aExc luding work location no. 6. 
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c iency of using more than one crew member in the 
cleaning and filling operations. Although total 
production may be increased slightly by adding an 
additional HMW to the cleaning operation, this will 
have an adverse effect on productivity. 

Sample data on crew size gathered during 1980 and 
1981 indicated that, for 18 crews involved in repair 
operations on roads with a high frequency of holes, 
the average crew size was seven. (The performance 
standard specifies five.) Both figures include the 
foreman but not those HMWs required for traffic con­
trol. The size of 15 of 18 crews (83 percent) 
exceeded the performance standard. 

PRODUCTION AND PRODUCTIVITY CALCULATIONS 

Upper Limit on 1980 and 1981 Opera tions 

The calculation of the upper limit on production and 
productivity for the 1980 and 1981 pothole repair 
seasons was based on the time data given in Table 5. 
A seven-person crew using a walk-behind vibratory 
roller was assumed. Delays within and between opera­
tions were determined from the production studies 
(~ ). 

With a seven-person crew, two HMWs could be used 
for both the cleaning and filling operations. Thus, 
for the air compressor the total time needed to com­
plete a hole was 56.01 min. With a gasoline-operated 
cutting tool the total time was 58.75 min. Based on 
actual observations, the productive time available 
for repair operations to be performed averaged 285 
min. In reaching this figure it was noted that on 
the average the crew arrived at the work location, 
deployed safety devices, and was ready to begin work 
by 8:55 a.m. 

The data in Table 4 indicate that cutting typi­
cally started at 9:13 a.m., so that the net work 
time available (NWTA) for a single workday was 267 

5 

min (285 - 18). Furthermore, a seven-person crew 
using a compressor needed (56.0l - 11.80) 44.21 min 
to complete a pothole after it had been cut. Thus, a 
crew of seven equipped with a compressor could have 
a maximum production of 

(267 - (56.01 - 11.80)] /1 1.80 = 18.88 potholes/day 

If the compressor were replaced with a gasoline­
operated cutting tool, maximum production could be 

(267 - (58.75 - 14.54)) /14.54 = 15.32 potholes/day 

Measurements taken with a nuclear gauge showed 
that operations achieved an average compaction den­
sity of 120 lb/ft'. Because an average pothole has 
a volume of 3. 60 ft', the seven-person crew em­
ploying a compressor could place a maximum of 

(18.88) x (3.60) x (120)/2,000 = 4.08 tons/day 

With a gasoline-operated cutting tool, the same crew 
could place 

(1 5.32) x (3.60) x (1 20)/2,000 = 3.3 1 tons/day 

Thus, a seven-person crew could have an average pro­
duction of 

(4.08 + 3.31)/2 = 3.70 tons/day 

Personal observations during the two pothole repair 
seasons indicated that a patching crew typically 
placed one truckload of approximately 4 tons . The 
computed production of 3.70 tons per day was there­
fore compatible with field observations. On the 
basis of these computations, it was concluded that 
during 1980 and 1981 patching crews were not achiev­
ing the 6 tons per day recommended in the perfor­
mance standard. 

TABLE 5 Actual Times for Component Operations, 1980-1981 

Operation 

Cutt inq 

Air Compressor 

Pionj~ra 

Cleaning 

One HMWb 

Two HMWs 

Tacking 

Fi 11 i ng 

One ff'1W 

Two HMWs 

Level inq 

Compaction 

Essick RollerC 

Ideal 

Time 

(Minutes) 

4.66 

7.26 

7. 61 

5. 58 

0. 77 

3.72 

2.22 

1. 90 

4.79 

aGas-operated cutting tool . 

bHighway maintenance worker. 

cwalk-behind vibratory roller. 

Time Taken 

by Delays 

Between Ope rat i ans 

(Minutes) 

5.57 

6. 78 

7. 31 

5. 36 

9.49 

5.58 

14.08 

Time Tak~n 

By De 1 ays 

Within Operation 

(Minut es) 

1. 57 

0.50 

1.10 

0. 79 

1. 67 

0 . 98 

2 .16 

Actual 

Total 

Time 

(Minutes) 

11.80 

14 . 54 

16 .02 

11. 73 

0. 77 

14 .88 

8 . 78 

1. 90 

21.03 
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By applying the deployment data in Table 4 and 
assuming a daily production rate of 4 tons per day, 
crew productivity could be calculated as 9.42 man­
hours per ton. This is double the 4.73 manhours per 
ton recommended in the performance standard. 

Production and Productivity Potential 

Table 6 gives a summary of the target delay times 
that can be achieved through the application of im­
proved management skills at the foreman level (1,5). 
These were subsequently used to compute the times 
needed to complete each phase of the repair. Sum­
maries of these times are given in Table 7. Cleaning 
controls production when a compressor is used for 
cutting, and cutting controls production if a 
gasoline-operated cutting tool is employed. 

Computations of potential production and 
t ivity are based on the assumptions that 
work time available for a day's operation 

produc­
(a) net 
is 335 

mi n: (b) the crew is properly deployed in a praduc­
tionized fashion, (c) the foreman controls work flow 
and minimizes delays, (d) a walk-behind vibratory 
roller is employed, and (e) a compaction density of 
130 lb/ft 3 is achieved. With this compaction den­
sity, an average patch (volume = 3.60 ft') will 
contain 0.234 ton of material. 

Under these conditions, a seven-person patching 
crew equipped with an air compressor can achieve 

[335 - 5 .55 - (0.77 + 2.81 + 1.90 + 8.05)] /6.00 x (0.234) = 12.32 tons/day 

Notice that cleaning has been considered the con­
trolling operation. Potential productivity of this 
crew will be 

7 (335/60)/12.32 = 3.17 manhours/ton 
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The same crew, using a gasoline-operated cutting 
tool, can place 

[335 -(28.28 - 8.75)] /8.75 x (0.234) = 8.45 tons/day 

Th~ ~nrrPspnnning prt)nn~t_ ivi t.y wi 11 h~ 

7 (335/60)/8.45 = 4.63 manhours/ton 

Similar computations were made for a crew of six 
and a crew of five. Results are summarized in Table 
8 and graphically illustrated in Figure l. In Figure 
l, a median performance line is shown. This - curve 
represents potential departmentwide performance if 
half the craws are supplied with air compressors and 
the other half have gasoline-operated tools. As can 
be seen, both production and productivity can exceed 
the performance standard by a considerable margin 
for a ll c r ew sizes examined, 

Manhours per ton will increase at a modest pace 
as crew size increases. It is evident that six- and 
seven-person crews offer no advantage over the five­
person crew from the productivity viewpoint. As more 
HMWs are added, daily production must also increase 
if the target productivity of 4.73 manhours per ton 
is to be maintained. For example, a seven-per son 
crew would need to place 8.4 tons per day. This fact 
offsets the apparent production advantages of larger 
crews. The potential production exceeds the minimum 
daily production by 2.66, 3.12, and 1.98 tons per 
dav for the five-. six-. and seven-oerson crews. re­
sp~ctively, sugg~sting · a slight ~dvantage to" the 
six-person crew. On a percentage basis, the poten­
tial production exceeds the minimum by 44.3, 43.3, 
and 23.6 percent. Thus, the choice of a five- oi;: 
six-person crew seems to be a matter of preference 
based on other nonquantifiable issues. 

From this analysis it can be concluded that the 

TABLE 6 Target Delay Times for Pothole Repair Operations 

Conmunicat ion 

Receive Instructions 

Wait for Instructions/Observe 

Equipment utilization and Maintenance 

Start/Refuel/Adjust Equipment 

Compressor Blows Holes 

Move to Another Pothole/Location 

Work Flow 

Wait for Another Operation 

No Pothole Available 

Other Delay Situations 

Traffic 

Talk/Personal/Look Around 

Undetermined 

Change Tools 

Wait for Mi X to Reach Site 

Total Delay Time {mi nut es) 

(% of NWTA) b 

Productive Time {mi nut es) 

(% of NWTA) b 

aGas-operated cutting tool. 
bNWTA =network time available . 

Delay Times as a Percentage of Total Delay Time 

Cuttinq 

Compressor Pionj a~ 

4.4 1.0 

13. 2 22.7 

4.4 4. 1 

0.0 0.0 

15. 4 12. 4 

0.0 0.0 

24. 2 22.7 

4. 4 4.1 

24. 2 6 .2 

9.8 26.8 

45.5 48.5 

16 17 

239.5 236.5 

84 83 

Clt~nlnq 

0.0 

0.0 

0.0 

4.9 

0.0 

48.8 

0.0 

19. 5 

12.2 

14. 6 

20.5 

264.5 

93 

0.0 

0.0 

14.q 

14. 9 

3. 3 

49.6 

0.0 

9. 9 

7. 4 

0.0 

60.5 

21 

224.5 

79 

Compdcl ion 

0.0 

0.0 

0.0 

15. 8 

7.9 

65.8 

0.0 

2.6 

7.9 

38 .o 
13 

247.0 

87 
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TABLE 7 Improved Times for Operations in a Pothole Repair Cycle 

Operati on 

Cutting 

Air Compressor 

Pionjar 
b 

Cleaning 

One HMW 

Two HMWs 

Tacking 

Filling 

One HMW 

Two HMWs 

Leveling 

Compact ion 

Essick Roller 
C 

Ideal 

Time 

(Minutes) 

4 .66 

7.26 

7. 61 

5.58 

0. 77 

3. 72 

2.22 

1. 90 

7 .00 

Total 

Time° 

(Minutes) 

5. 55 

8. 75 

8.18 

6.00 

0. 77 

4. 72 

2. 81 

1. 90 

8.05 

Time Taken 

by Delays 

(Mi nut es) 

0.89 

1. 49 

0. 57 

0.42 

1.00 

0. 59 

1.05 

aldeal time divided by efficiencies obtained from Table 6, 

bGas-operated cutting tool. 

cWalk-behind vibratory roller. 

7 

performance standard with respect to crew size, pro­
duction per day, and manhours per ton is realistic 
and can be achieved regardless of the cutting tool 
used. The attainable rates exceed the minimum values 
by a sufficiently large amoun·t that five- and six­
person crews should be e xpe c t ed to meet or exceed 
the performance standard fairly consistently. 

RECOMMENDATIONS FOR PRODUCTIVITY IMPROVEMENT 

There are numerous steps that can be taken to im­
prove both the production and productivity of pot­
hole repair. Underlying these improvements is the 
effective leadership that must be exercise.d by the 
foreman and the assistant county manager. Specific 
recommendations resulting from the study are 
summarized. 

1. Improving deployment: On the average, the 
crew should arrive at the job site within 30 min of 
the beginning of the work shift. Cutting of potholes 
should begin within 10 min. The crew should not 
leave the job site less than 30 min before the end 
of the shift. This time frame should provide a mini­
mum of 335 min (5.58 hr) of actual work time and 390 
min (6.5 hr) of time at the job site. 

2. Organizing and controlling the work: Work 
must be organized in a production-line fashion with 
each HMW assigned to a specific task or operation. 
Failure to do so will limit the crew output to about 
3 tons per day. The foreman must keep the repair 
process moving and remove obstacles that can delay 
the work. Waiting for instructions, observing other 
work, and waiting for potholes to work on will sig­
nificantly delay the repair process. 

3. Crew size: Except with a five- or six-person 
crew, it is unlikely t hat daily product i on rates 
needed to ensure satisf actory product i vity can be 

TABLES Patch Completion Times and Potential Production/Productivity 

Seven-Person Crew Six-Person Crew Five-Person Crew 

Cutting Equipment Cutting Equipment Cutting Equipment 

Operation Air Compressor Pionjar a Air Compressor Pionj~ra Air Compressor Pionj~ra 

Cutting 5 . 55 8. 75 5.55 8.75 5. 55 8.75 

Cleaning (2 ff'1W s ) 6.00 6.00 6.00 6.00 

(1 HMW) 8.18 8 . 18 

Tacking 0. 77 0. 77 0. 77 0. 77 0. 77 0. 77 

Filling ( 2 HMWs ) 2 .81 2 .81 

( 1 ff'1W) 4. 72 4. 72 4. 72 4. 72 

Leveling 1.90 1. 90 1. 90 1. 90 1.90 1.90 

Compact i on 8.05 8 .05 8.05 8.05 8.05 8.05 

Total Time (Minutes) 25.08 28.28 26. 99 30 . 19 29.17 32. 37 

Product ion ( Tons/day) 12. 32 8.45 12. 25 8.39 8.98 8.33 

Productivity (MH/ton) 3 .17 4.63 2.73 3 . 99 3.11 3. 35 

aGas-operated cutting t ool . 
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FIGURE 1 Potential production and productivity versus crew size. 

achieved routinely. The most efficient crew size 
(exclusive of traffic control personnel) is a fore­
man and four HMWs. 

4. Improving the cutting operation: Cutting is 
the most important operation in the overall repair 
process from the standpoint of productivity and pro­
duction. The most significant delays that affect ef­
ficiency are waiting for instructions and blowing 
ut:uL .1.tt ftoff1 holes with compressed air. 

5. Communication: Waiting for instructions ac­
counts for 30 percent of the available work time. 
Marking the boundaries of holes is especially impor­
tant on badly deteriorated pavements where it is 
difficult to determine where the edge of the repair 
should be. 

6. Improving repair quality and durability: The 
crew should be provided with specific guidelines for 
the compaction procedure required for pothole repair. 
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