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lic employees who travel regularly within the jur-
isdiction.

7. Establish a program to document conditions
that surround highway accidents. The ability to de-
fend a tort suit often depends on evidence that may
be difficult to establish several years after a
highway accident when a claim may reach the settle-
ment stage. Evidence should be gathered immediately
following an accident by a person knowledgeable
about the highway facility. Such evidence, which
should include photographs, should document the con-
dition of the highway and traffic control devices as
well as information that may be needed to recon-
struct an accident.

8. Develop procedures to ensure timely notifica-
tion of highway accidents. Immediate documentation
of the conditions that surround an accident ob-
viously is dependent on timely notification of acci-
dents likely to result in tort claims. Arrangements
should be made with the appropriate law enforcement
agencies to ensure that the highway agency receives
such timely notification.
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Procedure for Evaluating Efficiency of Power-Operated

Cutting Tools in Localized Pavement Repair

H. RANDOLPH THOMAS AND DAVID A. ANDERSON

This paper describes a procedure for evaluating the cutting efficiency of air-
and gasoline-operated pavement breakers. The procedure was developed as
part of a comprehensive study of the pothole-repair procedures used by the
Pennsylvania Department of Transportation. Cutting times and delay times
are recorded by using the stopwatch study technique and time-lapse photog-
raphy. A stepwise linear-regression-analysis procedure is used to determine
the significant variables, and this information is subsequently used to com-
pare cutting performance. Cutting times in minutes per cubic meter and most
probable cutting time in minutes are used as the basis for further comparisons.
Management delays are documented for duration and type for both cutting
tools. These productivity efficiency factors are then used to show that the
air-operated h is approxil ly 25 percent more productive than the
gasoline-operated hammer. A procedure is demonstrated that applies the unit
cutting rate and the productivity efficiency factor to establish a reasonable
productivity goal or to verify an existing productivity or performance
standard.

There is little doubt regarding the importance of
proper equipment selection in the development of an
efficient and productive construction or maintenance
operation. All organizations that routinely deploy
and use construction equipment are keenly interested
in the selection of the right equipment to do the
job. Examples of such organizations include con-
tractors, owners who perform force-account construc-
tion and maintenance, and state departments of

transportation.

Much has been written about the selection of
heavy construction equipment, such as cranes,
dozers, scrapers, and trucks (_]_.-3). Typically, cri-

teria are presented to help the user decide whether
to rent or purchase, and the decision is largely one
of economics. In determining the applicability of
the equipment to perform the given task, the key
reference source is often the manufacturer's speci-
fications and performance characteristics (4).

The procedures noted above have two important

shortcomings. First, they are applicable to high-
cost, specialized pieces of equipment intended
primarily for the earth-moving contractor. TLittle
guidance is available for evaluating the more common
pieces of construction equipment, such as an air
compressor. Second, for hauling equipment, the pro-
duction characteristics are reasonably well defined
by the manufacturer. Thus, handbooks provide the
contractor with the needed information for evaluat-
ing equipment based on an approximate productive
output. Unfortunately, production rates for smaller
pieces of construction equipment cannot be deter-
mined, except by trial evaluations, because pro-
ductivity is primarily established by (a) the opera-
tor, (b) field conditions, and (c) the effectiveness
of management. These factors are not addressed by
the literature available from the equipment vendor.
As pointed out in a recent Value Engineering study
of bituminous patching operations, there is a need
for further study and evalution of mechanical cut-
ters, tampers, and compactors and a comparison with
current methods (5).

OBJECTIVE AND SCOPE

The objective of this paper is to describe a system-
atic procedure for evaluating the cutting effi-
ciency of air- and gasoline-operated pavement
breakers. The important aspects related to cutting
performance, field conditions, and management will
be considered. A second objective is to assess the
significance of the condition of the cutting bit
relative to performance. This information is useful
to the manager in planning a bit-sharpening pro-
gram. The final objective is to demonstrate how
field evaluation data can be used to establish a
reasonable productivity goal or to verify an exist-
ing productivity or performance standard.
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The procedures presented in this paper were
developed during a comprehensive research study of
the pothole-repair strategies used by the Pennsyl-
vania Department of Transportation (6). This study
encompassed an evaluation of management practices,
pothole-repair procedures, materials, and craft pro-
ductivity, equipment needs, and applicability. The
portion of this study reported here is limited to
the evaluation of the pavement-breaker type cutting
tools used for removing distressed material from
asphaltic concrete pavements. Both flexible-base
asphaltic concrete and overlaid portland cement con-
crete pavements were studied. The equipment that
was studied included gasoline-operated Pionjiar,
model-120 pavement breakers and air-operated jack-
hammers powered by air compressors. The compressors
can be divided into two groups. The first group
consists of a number of older model compressors
owned by the department. This equipment is char-
acterized by its age, which means that maintenance
is a continual problem. These compressors have only
a single-line capability, meaning that only one tool
may be operated at a time. The second group in-
cludes new compressors, both those rented and owned
by the - department. These are characterized by
two- and three-line capability. Compressors in the
first group are in the 0.040 m3/s (85 £ft?/min)
class. Compressors in the second group are in the
0.082 m*/s (175 £t?/min) class.

DATA COLLECTION

An evaluation of equipment performance characteris-
tics and worker use factors requires the measurement
of (a) cutting times and (b) delay times associated
with the cutting operation. These data were
gathered by using time-lapse photography and stop-
watches. In addition, the physical dimensions of
each hole were documented, including the depth at
key locations and the layout of the cut area. By
using the dimensions of the holes, areas, and vol-
umes, unit cutting rates were calculated. Other
data that were gathered included the condition of
the cutting bit, hammer weight, type of pavement,
and the pavement condition.

A total of 13 patching operations were studied,
which comprised 116 potholes. These holes were
located on 12 legislative routes in four counties in
central and western Pennsylvania. Seventy-six holes
were repaired in asphaltic concrete pavements and 40
were repaired in composite pavements (asphaltic con-
crete over portland cement concrete). Equipment
used for cutting included Pionjar, model 120; gaso-
line-powered breakers; and air compressors. The
Pionjdr weighted 26 kg (57 1lb). The air-operated
hammers were observed in three weight classes--27,
34, and 41 kg (60, 75, and 90 1lb). 8ix crews used
the Pionjdrs, and seven crews used air compressors.
mhe Pionjdrs were essentially new; however, five of
the seven compressors studied were old. TWO new
Ingersoll-Rand compressors were observed. One,
which was owned by the Pennsylvania Department of
Transportation, had three-line capability, and the
other rented compressor had two lines.

DATA ANALYSIS

The effective deployment and use of pavement-cutting
equipment requires that the manager understand the
significance of those variables that affect cutting
performance. The identification of factors was done
by using the statistical analysis system (SAS) that
is available from the SAS TInstitute (7). A stepwise
linear-regression-analysis procedure with the MAXR
option was used on the Pennsylvania State University
IBM model 370 computer. The MAXR option provides
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the capability of looking at essentially all pos-
sible regression combinations, because multiple
models are evaluated at each level and the best
model is selected.

Significant Factors

The stepwise linear-regression analysis was per-
formed with cutting time in minutes as the dependent
variable and the independent variables described be-
low. The data were obtained as part of the stop-
watch study.

1. Two types of equipment were considered--air
compressors and Pionjdr;

2. Breaker bits were classified as sharp, inter-
mediate, and dull;

3. Cutting operations were limited to asphaltic
concrete and composite pavements;

4. Pavement condition was classified as either
sound or distressed (obviously a distressed condi-
tion is associated with a pothole; however, for this
study, pavement was considered sound if surrounding
material remained reasonably intact as the cutting
edge was applied; a pavement that had essentially
lost most of its life and seemed to fall apart under
the action of the cutting tool was considered dis-
tressed; the distressed condition was limited almost
exclusively to those holes along the edge of the
roadway) ;

5. Hole depth;

6. Holes lying along the edge of the pavement
were usually cut along only three sides;

7. Hole area; and

8. Hole volume.

The results of the regression analysis indicated
that a four-variable regression equation that has an
R? value of 0.8l was the best model. Significant
variables in this equation were (a) hole volume, (b)
type of equipment, (c) interaction between equipment
type and pavement type, and (d) interaction between
equipment type and pavement condition.

Surprisingly, the most significant variable is
the volume of the hole. Figure 1 shows that hole
size 1is noticeably skewed toward smaller-sized
holes; however, note that almost 14 percent of the
holes have volumes in excess of 0.23 m? (7.99
££3). one may wonder whether such large holes
should even be defined as potholes. Hole volume may
seem unimportant to the manager, who has 1little
prior knowledge of the size holes to anticipate.
Nevertheless, hole volume is very important to the
engineer, who must evaluate various types of cutting
equipment. Subsequent analyses will be done on the
basis of data related to hole volume.

Figure 2 shows the relationship between actual
cutting times and hole volume. The regression equa-
tions for the air compressor and the Pionjar are
shown. A measurable difference between cutting
rates can be observed. While this difference is
widely accepted throughout the industry, the magni-
tude of the differential is generally not known. By
using the regression equations for an average hole
volume of 0.10 m® (3.52 ft?), as determined from
Figure 1, the likely mean cutting time for the air
compressor and the Pionjdr is 4.39 and 6.79 min,
respectively. The difference between cutting rates
is discussed below in greater detail.

Comparison of Equipment

The numerical comparison of cutting performance is
very important to the manager because the rate at
which holes are cut and prepared establishes the
production rate of the crew. Figure 2 shows the



26

Figure 1. Distribution of hales according to approximate hole volume.
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Figure 4. Plot of cutting rate versus hole volume.

© = Air Compressor
0= Pionjdr

Note: 47 Observations Hidden

o Note: 1 m3=36.31 3.

—up=8687-4979V

CUTTING RATE, u, min/m3
= -

uy =6003%4288Y
o r , : S y

0 2 4 & 8 o 12 14
HOLE VOLUME, V, m?

plot of cutting time versus hole volume and the an-
ticipated difference in mean cutting times for the
air compressor and the Pionjir. The difficulty in
using these values as the basis for comparison is
that the distribution of hole volumes is definitely
skewed toward smaller-sized holes. Furthermore, ap-
proximately 14 percent of the hole volumes are very
large [i.e., exceed 0.23 m?® (7.99 ft3)]. Since
the cutting time differential widens significantly
as the hole size increases, concerns should be
raised about use of the approach shown in Figure 2
as a predictor of relative performance. Note also
that the holes prepared by the Pionjdr tended to be

larger than those cut by the compressor. This
information is summarized below (note 1 m? =
35:3 JEED s
Ccompressor Pionjar

Item (%) (%)
Percentage of holes exceed- 19.4 31.8

ing 0.10 m?
Percentage of holes exceed- 16.7 20.5

ing 0.14 m®
Percentage of holes exceed- 5.6 9.1

ing 0.28 m?
Maximum volume (m?) 0.77 1.30

The use of an average size hole of 0.08-0.11 m?
(3-4 £ft?) should also be questioned because the
probability of observing such a hole is relatively
small (p = 0.06). What is needed is a measurement
of total performance for cutting all sizes of holes,
not just a typical hole.

Unit cutting rates are next examined as a pos-
sible measure of performance. The distribution of
unit rates is shown in Figure 3. The average cut-
ting rate for the air compressor and the Pionjdr is
55.4 min/m?® (1457 min/ftd) and 81,2 min/m3
(2,30 min/ft?), respectively. These mean rates
suggest that the Pionjdr will require approximately
47 percent more time than an air compressor to cut a
hole of equivalent size. However, once again,
there should be concern over how the unit rates are
affected by hole size. As can be seen in Figure 4,
the unit rate for each type of equipment decreases
as hole size increases.

The most appropriate measure of performance is
the probable cutting time or weighted average. This
parameter accounts for the fact that (a) all hole
sizes will be encountered, (b) the distribution of
hole size is skewed, and (c¢) the unit rates in min-
utes per cubic meter are uniquely described for each
equipment type and hole size. The procedure for
computing probable cutting time uses the following
equation:
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Table 1. Probable cutting time.
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Avg unit PixVixuy
Rate, u; (min/m3) (min)
Probability of Avg
Interval, Lower Class Upper Class Occurrence, Volume, Air Air
i Limit (m?) Limit (m?) P; V; (m?) Comptressor Pionjar Compressor Pionjar
1 0.00 0.052 70/116=0.603  0.025 58.62 85.46 0.88 1.29
2 0.053 0.107 18/116=0.155 0.077 56.15 82.99 0.67 0.99
3 0.108 0.162 7/116=0.060 0.136 §3.33 80.16 0.44 0.65
4 0.163 0.217 5/116=0.043  0.195 50.15 76.99 0.42 0.65
5 0.218 1.416 16/116=0.138  0.410 39.55 66.39 224 3.76
Total 4.65 7.34
Note: 1 m3 = 35.31ft3,
Table 2. Analysis of delay times for cutting operations.
Stopwatch Study Number
Frequency Air Compressor Pionjir Total
of

Activity Occurrence 1 2 3 4 S 6 No. Percent
NWTA? 124.32 80.72 47.16 128.99 149.35 40.31 570.85
Cutting time 71.70 62.31 40.02 118.19 124.25 19.60 436.07 76
Delay time

Traffic 11 0.71 1.04 1.27 3.02 gb

Change hammers 1 2.30 2.30 2

Clean hole with shovel 8 0.51 2.97 13.08 16.36 12

Clean hole with air 28 48.38 1.47 7.02¢ 55.85 41

compressor

Change operators 6 2.02 0.54 0.68 3.24 2

Instructions 13 0.51 3.17 3.68 3
Personal 17 2.98 0.41 1.35 4.15 18.85 27.74 21

Move to new hole 31 0.21 6.19 1.83 0.45 8.68 6

Refuel Pionjar 9 8.41 3.50 1.41 13.32 10

Adjust equipment 1 0.59 0.59 1

Total 52.62 18.41 7.14 10.80 25.10 20.71 134.78 24
Efficiencyd 58 77 85 92 83 47 76

ANWTA = Net work time available is the totat study time less time spent on coffee breaks, major equipment breakdown, etc.

bPercentages for delay times are expressed as a percentage of the total delay time.

€The cleaning time is not included in the total delay time because a dual-line compressor was used that permitted cutting to continue without interruption.

dEfficiency = (Cutting time/NWTA) x 100.

n
CT= E' PiViui (1)

where

CT = most probable (weighted average) cutting time
(min},

P; = probability of encountering a hole whose
volume is within a specified class interval
(1),

n = number of classes into which the distribu-
tion of hole volumes is divided,

Vi = average volume (m?) of those holes lo-
cated within interval i, and

uj = average unit rate (min/m?) for those
holes located within interval i.

The distribution of hole sizes shown in Figure 1
was divided into five intervals. The probabilities

(P;) and the average volume within each interval
(Vi) were computed by using actual hole data. By
using V;, the unit rates can be determined from

the regression equation in Figure 4. The calcula-
tions necessary for the application of Equation 1
are summarized in Table 1, from which the probable
cutting times are computed to be as follows:

Probable cutting time for air compressor = 4.65
min/m? and

pProbable cutting time for Pionjédr = 7.34 min/m?3.

It would appear then that a relative comparison of

the two cutting tools will favor the air compressor
by a considerable margin because the Pionjdr re-
quires approximately 58 percent more time to cut a
group of holes that are distributed as per Figure 1.

Significance of Bit condition

In addressing the question of the significance of
bit condition to cutting performance, only data for
the pionjdr and the 27-kg (60-1b) class air hammers
were considered. This was done to minimize any pos-
sible bias introduced because the data gathered for
the 34-kg (75-1b) and 41-kg (90-1b) class hammers
were from only one roadway. The remaining data were
statistically unbalanced because there were no dull
bits for the compressor or intermediate bits for the
Pionjdr observed. Therefore, it was felt that a re-
gression equation developed from the data would not
be reliable.

To assess the significance of bit condition, only
the Pionjdr data were reviewed. The average unit
rate in minutes per cubic meter was determined for
sharp and dull bit conditions. Twenty-six holes
were prepared, at an average rate of 69.6 min/m?
(1.97 min/ft?), by using a sharp bit. A dull bit
was used on the remaining 18 holes. The average
unit rate was 97.8 min/m® (2.77 min/ft?), which
is approximately 41 percent greater than the rate
for the sharp bit. Although more studies need to be
conducted, an intensive bit-sharpening program would
appear to be justified.
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Management Practices

To evaluate management effectiveness relative to the
cutting operation, the delay times recorded during
six stopwatch studies were identified by magnitude
and type. These are shown in Table 2. Studies 1,
2, and 3 are of air compressors, and studies 4, 5,
and 6 are of the Pionjdr. As can be seen, approxi-
mately 76 percent of the net work time available
(NWTA) was spent in actually cutting the holes.
NWTA is defined as the time available that actual
cutting can take place after coffee breaks, travel
time, major equipment failures, and so forth have
been excluded. The delay time (24 percent) is pri-
marily attributed to (a) cleaning the hole with com-
pressed air (air compressor only), (b) personal
breaks, (c) waiting for the hole to be cleaned via
shovel, and (d) equipment refueling (Pionjdr only).
A number of the categories where ineffective time
can be minimized relate directly to the ability of
the foreperson to manage work by the crew., For ex-
ample, in study 2 it would appear that, by properly
marking the cut area around the hole, the need for
giving instructions would be greatly reduced. How-
ever, the management areas where maximum potential
for improvement exists appear to be cleaning of the
hole with compressed air and the refueling of the
Pionjdr. These two aspects are presented below.

The description of crew efficiency according to
the type of equipment provides an interesting ob-

servation. The crew efficiency is as follows:
Air Compressor Pionjdr

Time (%) (%)

cutting 69 82

Delay 3L 18

These data suggest that the advantages in cutting
performance enjoyed by the compressor are at least
partly offset by improved crew efficiency with the
Pionjdr. 1In order to further investigate this find-
ing, the delays inherent with the air compressor
were documented.

The two most significant delays associated with
the air compressor are (a) cleaning the hole with
compressed air and (b) moving to a new hole. Ob-
viously, little can be done by management to reduce
the time required to move to a new hole. C(Cleaning
the hole is another matter. Study 1 vividly demon-
strates the disadvantages of single-line compres-
sors. The excessive cleaning time noted includes
actual cleaning of the hole, disconnecting and re-
connecting the hammer, and opening and closing the
shutoff valve. This latter operation is usually
performed by a second worker, which in itself is not
an effective use of personnel. Regardless, the pro-
ductivity of the crew was greatly reduced because
cleaning and cutting could not be done simultane-
ously. For study 1, the roadway surface was par-
ticularly poor and, for this reason, studies 2 and 3
may reflect a typical situation more accurately.
Nevertheless, the cleaning times are still signifi-
cant, approximately 11 percent of the NWTA. This
percentage represents a corresponding loss in pro-
ductivity. It would appear that the department
should adopt a policy that all new compressors,
whether rented or purchased, should have a minimum
of two lines, one of which is reserved for cleaning
of the hole. This was the case with study 3, where
the hole cleaning did not affect production.

The refueling of the Pionjdr is of interest be-
cause not only does it contribute to lost production
but, more importantly, it is a good indicator of (a)
maintenance practices and (b) how well the operator
is able to adjust the air-gasoline fuel mixture that
affects the energy delivered to the cutting tool.
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In study 4, the operator refueled a total of six
times, as opposed to twice and once for studies 5
and 6, respectively. It was calculated that the
Pionjdr in study 4 consumed fuel at a rate of 4.16
/h (1.10 gal/h) as compared with 1.59 1/h (0.42
gal/h) as stated by the manufacturer. 1In study 5,
the calculated rate was 1.55 IL/h (0.41 gal/h). 1In-
sufficient information was available to determine
the rate in study 6.

Additional studies are needed to establish
whether or not the situation found in study 4 is an
isolated incident. If not, operator training would,
of course, be appropriate. Better-trained operators
will lead to improved Pionjdr efficiency by (a) de-
creasing the delay time for refueling and (b) de-
creasing the unit cutting times through increased
fuel efficiency.

PRODUCTIVITY GOALS AND PERFOPMANCE STANDARDS

Most organizations require a minimum acceptable
level of productivity against which actual perform-
ance can be measured. ror pothole-repair opera-
tions, productivity is usually measured in kilograms
(tons) of material. One such parameter is the kilo-
grams per day (tons per day) of material placed.
Since the cutting rate also establishes the filling
and compaction rate of the crew, the amount of
material placed must equal the amount of material
removed. The information presented previously is
sufficient to allow this parameter to be deter-

mined. A hypothetical situation is presented below.
Item Time (min)
Travel to the job site, deploy 60

safety devices, and start
cutting operation

coffee break, add 5 min for re- 20
starting operation

Restart operation after lunch 5

Cleanup and put away tools 10

Remove safety devices and return 60

to maintenance shed

The time remaining is production time, which is
NWT™A. 1In this example, NWTA is 295 min.

At this point, recall that the crew efficiency,
which is the ratio of cutting time to NWTA, varies
by equipment type. If one assumes that cutting will
be in progress throughout this 295-min period, then
the actual cutting time can be computed as

Cutting time for air compressor = 0.69 x 295 min
= 204 min and
cutting time for Pionjdr = 0.82 x 295 min = 242 min.

The most probable cutting rate can be computed by
Piy; @

where u' is defined as the most probable cutting
rate (min/ft?).

By using the information in Table 1, these rates
are as follows:

u' for air compressor = 54.9 min/m?® (1.55 min/ft?)
and
u' for Pionjidr = 81.7 min/m?® (2.31 min/ft?).

Divide the unit rates into the available cutting
times to get the daily production:

Vy = 204/54.9 = 3.7 m®/day (130.3 ft%/day) for
air compressor and

Vp = 242/81.7 = 3.0 m?/day (104.7 ft3/day) for
Pionjar.
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If we assume that asphaltic concrete can be com-
pacted to a density of 1920 kg/m® (120 1b/ft?),
then the equivalent daily tonnage of material is

Ty = (3.7)(1920)/1000 = 7.1 Mg/day (7.9 tons/day)

and
Tp = (3.0) (1920)/1000 = 5.8 Mg/day (6.3 tons/day).

Several important points should be made about
these rates. First, recall that the Pionjdr re-
quires approximately 58 percent more cutting time
than does the compressor if probable cutting times
are used as the basis for comparison. However, when
one considers that there is less delay time associ-
ated with the Pionjar (i.e., it has greater flexi-
bility and mobility), then the advantage of the air
compressor is reduced to approximately 23 percent.
Second, observe that significant improvements in
megagrams per day can result by increasing NWTA.
For example, a 30-min increase in NWTA will increase
the daily production for the compressor to 7.83
Mg/day (8.63 tons/day), a 10 percent gain. on a
weekly basis, a 150-min increase corresponds roughly
to the difference between working five 7.5-h work
days and working three 10-h days and one 7.5-h day.
Productioen could also be substantially increased by
using a triple-line compressor with two hammers or
by using two Pionjdrs. Of course, management must
also consider whether or not the crew can f£ill and
compact the holes at this accelerated rate.

USE OF PERFORMANCE STANDARDS

one of the basic principles of effective management
is that one must evaluate past performance. The
performance standard is the means by which the main-
tenance manager can perform this function. C(Clearly,
many variables will influence the productive output
of a repair crew. These must be recognized; how-
ever, consistent subpar performance should be a
signal that crew leadership may be deficient. The
causes should be sought out and corrected. The pro-
ductivity levels suggested in this paper are realis-
tic because they were based on the actual equipment
capabilities plus an acceptable percentage of de-
lays. The productivity output can be achieved by
the average crew foreperson provided he or she exer-
cises some management skills. It is the responsi-
bility of the state transportation agency to develop
those skills.

CONCLUSIONS

The comprehensive study of the cutting performance
of air compressors and gasoline-operated Pionjdrs
has led to several important conclusions. These are
summarized below:

1. The most significant variable that accounts
for variability in cutting times is the volume of
the hole. Aany study of cutting equipment must in-
corporate this parameter into the analysis before
valid comparisons can be made.
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2. The comparison of the actual cutting perform-
ance of the air compressor and the Pionjdr was done
on the basis of probable cutting times. Probable
times were used to minimize any bias resulting from
the skewness of the hole volumes and unit cutting
rates. The Pionjdr was found to require approxi-
mately 58 percent more cutting time than the air
compressor for an equivalent size hole.

3. 1In evaluating management practices, a number
of delay times were noted. The crew could make more
efficient use of the Pionjdr (B2 percent) than the
air compressor (69 percent). Several suggestions
for increasing this efficiency were noted.

4. A procedure for establishing a productivity
goal or verifying an existing performance standard
was outlined. When the influences of cutting effi-
ciency and management effectiveness are included,
the advantage of the air compressor over the Pionjir
is reduced considerably. Approximately 23 percent
more material could potentially be removed with the
air compressor than the Pionjdr.

5. Achievement of daily production rates of 7.1
Mg/day (7.9 tons/day) for the air compressor and 5.8
Mg/day (6.3 tons/day) for the Pionjdr are clearly
realistic because these rates were developed by con-
sidering actual field data relative to equipment and
management effectiveness. Substantial compliance
for most crews should be expected. However, this
will occur only through effective leadership by the
crew foreperson.
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