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ABSTRACT

The Tennessee Department of Transportation (TDOT) is currently using
production rates that were developed from past experience and some historical data to
estimate contract duration These production rates tend to underestimate the time
duration of a project Research by the University of Tennessee, Knoxville has
developed predictive production rates based on on-site construction operations
observed in 1997-1998. The Pys values were developed on the basis that the
contractor would complete an operation 95% of the time Without making any
comparisons to past performance, the development of the Pss values was based limited
observations Historical data were collected, analyzed, and used to make comparisons
to the predictive production rates.

This thesis concentrates on the comparisons of historical data Historical
production rates were determined based on information retrieved from inspector’s
diaries, asphalt plant books, field books, and final record books. Comparisons
between the historical production rates and the predictive production rates could then
be made to determine if the Pos values were applicable The Pos values were then used
to estimate the time duration of the twenty-two operations studied and compared to
the number of days reported for completion of the operations

There appears to be a large discrepancy in production rate between the
historical records and the Pos model One major reason is the interpretation of days

reported. Without sufficient information from the historical records, the days reported

i




were conservatively defined as full days of operation This interpretation can easily

lead to lower than actual production rates
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Low productivity has often been a problem in the construction industry.
While the overall U.S economy has been increasing its annual productivity at an
annual rate of close to 3%, the construction industry has averaged an annual
increase of less than 1% (Adrian, 1987). Estimating project duration is a problem
the construction industry has had to deal with in the past and remains a concern
today. Wide variations in project size and conditions lead to difficulties in
estimating project duration The overestimating of project duration leads to
increased costs for the users and periods of time when seemingly no work is being
completed Also, knowing that the project’s duration has been overestimated, the
contractor may choose to move the labor force off that project and work on other
more profitable projects Underestimating the project duration, however, results in
contractors having to accelerate the construction process The quality of work
suffers and costs increase when contractors bidding on a project feel that the
construction time is unreasonably short. Contractors either do not bid on that
contract or they raise their bid price to account for any liquidated damages that
may occur due to the time constraints

The Tennessee Department of Transportation sponsored a research

contract with The University of Tennessee to develop unit production rates that




will help to better estimate the duration of construction projects Twenty-two
construction operations were identified for the study These operations comprise
approximately 75% of the work on a typical construction project The research
team collected observed data from the field and developed the predictive
production rates These predictive production rates were used to estimate the
duration of an operation with a 95% confidence level. All of the production rates
were based on a limited number of observed data and a small portion of an
operation Hence, it is desirable to verify the developed model with historical
records where the projects are completed
1.2 OBJECTIVE OF RESEARCH

The objective of this thesis is, first, to compare the historical production
rates to the predictive production rates. Then the duration of the twenty-two
operations is estimated based on the predictive production rates and compared to
the duration recorded in the historical data to complete the operation Chapter 2
describes/the methods to retrieve, extract, and analyze the historical data Chapter
3 shows the results of the historical analysis, estimates of the operations, and
discussions of results Chapter 4 draws conclusions on what was discussed in the
thesis and makes recommendations on the recording of data during the

construction process.




CHAPTER 2

METHODOLOGY

2.1 INTRODUCTION

The purpose of this research is to compare the production rate prediction
model developed at the University of Tennessee, Knoxville (UTK) with data
collected by the Tennessee Department of Transportation (TDOT). Historical data
obtained from the Tennessee State Archives in Nashville were used for the
comparison The Tennessee Department of Transportation stores all files
associated with a completed contract in the state archives for a period of 10 years
Production rates for typical highway construction operations were extracted from
the archived data Once the historical production rates were determined, a
comparison to the production rates using the prediction model was made
2.2 HISTORICAL PRODUCTION RATE

TDOT has supplied the research team with a list containing all contracts
and the associated tasks let from 1989-1995 This information was used in the
determination of which contracts would be suitable for comparisons. A
representative sample of contracts was chosen from the four regions of Tennessee
based on contract size and the number of construction operations pertaining to the
research project Next, the chosen contracts had to be retrieved from the
Tennessee State Archives Final record books, asphalt plant books, field books,

and diaries were utilized in the data analysis process. The final record book



contained the contract history and a complete list of tasks involved on the project
Figure 2-1 shows a sample page from the final record book of Contract 3014
Important information to the research project such as contractor, contract cost,
contract start and completion dates, and the number of days needed to complete
the contract can be found on this page. A sample list of construction operations
from the same final record book was extracted and is shown in Figure 2-2 Each
operation has an item number, unit of measure, unit price, quantity, and cost
associated with the item number The production rate was determined using the
final quantity given in this portion of the final record book Information on asphalt
items were taken from the summary sheet of the asphalt plant books. Figure 2-3
shows a sample of an asphalt summary sheet taken from Contract 2739 for asphalt
grade A-S. Listed on the summary are the date when material was laid and a
summation of asphalt quantities The number of days reported for all of the
operations, except for asphalt, listed in Table 2-1 was either found in field books
or the inspector’s field diaries Figure 2-4 is an example of the mineral aggregate
operation taken from the field book of Contract 2957. The date was recorded
when material was laid Also, a description was recorded telling where the
material was laid In the absence of information defining the “days reported” in the
field book, a day reported was assumed to be a full day of work An example of
the inspector’s diary extracted from Contract 7509 is shown in Figure 2-5. The

inspector’s diary consisted of a daily report including weather conditions, type of

work, location of work, crews and equipment, and any remarks the inspector
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wrote for future reference After all data had been collected, historical production
rates were computed for each of the highway construction operations studied
Using the following equation,

Final Quantity
Number of Days Re ported

Historical Production Rate = [2-1]

a daily production rate could be determined
2.3 OPERATION DURATION USING PREDICTIVE MODEL

After the historical production rates for the highway construction
operations were determined, a comparison with the production rate model
developed at UTK (Gatlin (1998), Brown (1999)) could be made The production
rate model was developed using observed data from selected contracts across
Tennessee between 1997 and 1998. The data collected were the times taken for
the completion of one cycle of operation These times were modeled as a

lognormal distribution A tos time was defined from the model as

t = %”Oﬂ(tgm) + %(tgw) [22]
where, %np = percentage of non-delay cycles
%p = percentage of delay cycles

The following equations were used to calculate the delay and non-delay tos cycle
times

tys ap = €0+ 86w [2-3]
and,

lys p = €241 540 [2-4]

12




Substituting the appropriate cycle times in for the delay and non-delay cases, the

parameters were calculated as follows-

= mK%)H} [2-5]

1
A=Inx-=¢° [2-6]

where, X = sample average
¢ = sample standard deviation
The tos time represents the maximum duration one would take to complete one
cycle of the operation 95% of the time. That is, 5% of the cycles would take
longer than tos This tos value was used to compute the 95-percentile production
rate, Pos as

C x 603

ty5(min) [27]

P,, productivity =

where, C = capacity to be processed per cycle
tos = cycle time at 95% confidence level

The Pys represents the minimum production rate that TDOT can expect of the
construction operation 95% of the time. This production rate does assume that the
contractor would have an adequate size crew and adequate number and
appropriate type of equipment available for the construction task The Pos
production rate, however, does include the effect of normal randomness such as
traffic condition, equipment breakdown, labor delays, material delays, the bunching
effect, and management as reflected in tos given in Equation 2-1

13




For a given quantity of a construction operation, the number of days

needed to complete the operation is

_ Fmal Quantity

max B, [2-8]
For example, referring to Figure 2-3 the total number of days required to lay
6045 25 tons of asphalt grade A-S was 11 days Based on the Pys production rate
of 1560 tons/day as determined by the UTK model (Gatlin (1998), Brown (1999)),
the number of days needed to lay 6045.25 tons of asphalt is 4 days (6045.25

tons/(1560 tons/day)). The predictive model underestimated the reported duration

by 7 days.
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CHAPTER 3

COMPARISON OF PREDICTIVE PRODUCTION RATES AND
HISTORICAL PRODUCTION RATES

3.1 INTRODUCTION

Data collected for the determination of historical production rates were
limited for some of the construction operations as can be seen in Table 3-1. Table
3-1 is a summary of the operations and their associated TDOT production rates,
average Pos production rates, and average historical production rates. Also listed
is the number of contracts used in the determination of the historical production
rates. The contracts were divided into three classifications based on the final

project cost. Contracts were classified as follows:

Small Final Cost < $500,000
Medium $500,001 < Final Cost < $2,500,000
Large Final Cost > $2,500,000

By grouping the contracts in this manner, production rates could be developed for
a range of projects Figure 3-1 represents the production curve for a typical
operation referred to as the “S-curve” The flat portion of the curve at the
beginning depicts the mobilization of equipment, materials, and labor. As the crew
works on the operation, they begin to learn the operation until full productivity is
reached The middle portion of the S-curve represents the highest productivity as

the crews mastered the operation. Completing the operation involves cleanup and

15
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this limit would not be on the critical path and would not affect the total time

duration for the project This assumption was made to prevent the historical
production rates from being underestimated Projects meeting the criteria for small
classification were not held to the greater than 5 days assumption. Some
operations on small projects take less than 5 days, therefore, all operations and the
associated days need to be collected before an appropriate production rate can be
determined

Road and dramage excavation, borrow excavation, mineral aggregate mix,
and asphalt operations were analyzed by considering all days recorded on small
contracts and all days with a time duration greater than 5 days for medium and
large contracts For concrete pipe culvert, steel pile, concrete parapet, catch basin,
and concrete median barrier operations, all days were considered in the analysis
The theory behind this assumption was that these items do not generally make up a
large percentage of a project individually For example, a large project may only
have one bridge with a dozen piles to be driven In most cases the contractor
could set the piles in 5 days or less. This often occurs and the days should be
taken into account when analyzing this operation

3.2 COMPARISON OF HISTORICAL PRODUCTION RATES AND
PREDICTIVE PRODUCTION RATES

Table 3-2 shows the historical production rate calculations of a typical
operation. This summary table represents the mineral aggregate operation. Also

listed on this table is the number of days meeting or exceeding TDOT’s production

20
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rate and the number of days meeting or exceeding the predictive production rate

For example, referring to Contract 2867, of the 115 days reported the contractor
met or exceeded TDOT’s production rate of 3000 tons/day 21 days, and 29 days
out of 115 days, the contractor met or exceeded the Pos rate of 2800 tons/day
This comparison was made to get an indication of whether or not the Pgs or the
TDOT production rate could be met 95% of the time

The operations were divided into three categories for comparisons.
operations with predictive production rates, operations with observed production
rates, and operations with neither predictive nor observed production rates. The
difference between operations with observed production rates and operations with
predictive production rates was that operations using the observed production
rates had small amounts of data Only operations containing sufficient data to
develop a statistical model used predictive production rates For the comparisons,
one production rate was equal to one classification size for an operation. Category
I utilized historical production rates for road and drainage excavation, borrow
excavation, mineral aggregate mix, and asphalt operations for making comparisons
to their respective Pgs values. There were no predictive productions rates
developed for concrete ramp pavement, steel pile, concrete pipe culvert, concrete
parapet, and concrete median barrier operations, therefore, observed production
rates were used to make comparisons in Category I  Gatlin (1998) and Brown

(1999) were not able to collect data for the catch basin operation, so for Category

23



II the historical production rates were the only rates available for which to draw
conclusions

When developing the average predictive production rates for the
operations, the research team used the weighted average approach This approach
was used so that any one contract having an unusually low production rate would
not have a disproportionate effect on the final averaged production rate The
weighted average approach was also used in this research Equation 3-2 shows the

calculation of the weighted average historical production rate for each operation

Wt. Avg.= . (];(7)) * ZFI?Q [3-2]

2 H

FQ, , FQ, = final quantity from contracts i or j

N,= number of days reported for contract i
The fraction in the first set of brackets denotes the historical production rate for an
operation, discussed earlier. The second set of brackets acts as a multiplier for
determining how much the contract’s production rate contributes to the final
weighted average historical production rate For example, referring to Table 3-3
and Contract 2780, the final quantity was 4658 tons of asphalt grade A-S and there
were 12 days reported for completion of the operation. The historical production
rate was calculated to be 388 tons/day and the sum of the historical production
rates was calculated to be 516419 tons/day. From Equation 3-2, the weighted
average was 4 tons/day This contract contributed very little in the final

calculation of the average weighted historical production rate
24
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Weighted averages were calculated for each operation and then summed to

obtain a final weighted average historical production rate A ratio was calculated
to determine how well the historical production rates compare to the predictive
production rates Equation 3-3 shows how the ratio was calculated

atio = Weighted Average Historical Prodution Rate
rano= Predictive Production Rate

[3-3]

Figure 3-2 represents the summary of the operations and their respective ratios
For the operations in category I, 78% of the average historical production rates
* were within a minimum of 60% of the predictive production rates. Nine
production rates were used for the comparison; however, one of the production
rates had only one datum per operation Discarding that production rate resulted
in 89% of the average historical production rates being at least minimum of 60%
of the Pgs values

Category II had six production rates that could be used to make
comparisons All of the historical production rates were at least 70% of the
predictive production rates Two of the six production rates were at least 15%
greater than the observed production rates

Category III did not have predictive production rates to make comparisons,
however, historical production rates could be determined. Table 3-1 lists the
results of the analysis Nine production rates were developed from the analysis,
however, three rates were discarded because there was only one datum per
operation The remaining six production rates were averaged and the results

showed that one catch basin could be constructed in a day. This is typically the
26
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case on a construction project The construction of the catch basin operation

involves pouring a footing and bricking the Qides Since the operation does not fall
on the critical path, the contractor will instruct a couple of men, one man mixing
mortar and the other placing bricks, to construct the catch basins Depending on
the size of the catch basin, the construction will take about a day to complete

In general there was a large discrepancy between historical production
rates and predictive production rates The reason for the difference could be due
to the determination of the number of days needed to complete an operation All
days listed in the diaries, field books, or asphalt plant books were assumed to be a
full day For example, during the collection of data for the mineral aggregate
operation, every day that mineral aggregate mix was laid, regardless of quantity, “a
day” was recorded Thus, if the contractor had reached full productivity laying
mineral aggregate mix on a roadway, “a day” was recorded, however, if the
contractor had laid only two truckloads of material oﬁ a driveway, “a day” was
also recorded This assumption of “full day” for “a day reported” can lead to a
lower production rate as not all days reported were fully devoted to that operation.
There was no indication in the historical records whether the days reported were
full days or half days

3.3 COMPARISON OF RECORDED DURATION AND PREDICTED
DAYS FOR AN OPERATION

The last process in validating the predictive production rates was to estimate
the operations listed in Table 3-1. According to the assumption of the Pos rate, the

contractor should meet or exceed the estimated days 95% of the time To develop
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the maximum number of days needed to complete an operation with a 95%

confidence level, the final quantity of each operation for a given contract was
divided by the corresponding Pgs rate Equation 2-8 was utilized in the
determination of the maximum number of days needed, tmax Table 3-4 shows a
typical contract (Contract 8402) and the operations studied associated with that
contract Each operation has the final quantity, number of days reported by the
inspector, predictive production rate, maximum number of days needed to
complete the operation (tmax), and a ratio listed The ratio, r, for each operation
was calculated using the following equation

e Max Number Of Days Needed At 95% Confidence Level
- Number Of Days Re ported By TDOT Inspector

[3-4]

This ratio shows whether the contract was behind or ahead of schedule If the
ratio was less than 1.0, the contract was behind schedule The project was ahead
of schedule if the ratio was greater than 1 0 A ratio of 1 O reflected a contract
concurrent with the schedule

The historical time duration of an operation was estimated using the
predictive production rates and then compared to the actual time recorded by the
contractor for completion of the project By making this comparison, it could be
determined if the contractor had been allotted enough days for construction of the
operations For example, 72% of the operations took 50% longer to complete and
approximately 39% of the contracts took 70% longer to complete All of the
major operations like road and drainage excavation, borrow excavation, mineral

aggregate, and asphalt operations, were 50% or more behind schedule according
29
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to the analysis. These major operations usually fall on the critical path, which
affects the total project duration and the total project cost An operation estimated
to take 20 days to complete was taking the contractor a minimum of 30 actual
days to complete Again, the predictive production rates were based on the
contractor allocating the appropriate amount of resources to perform the
operations There is insufficient information recorded in the inspector’s diaries
indicating whether this large discrepancy was due to an error in the predictive
production model or the contractor’s failure to allocate sufficient resources for the
operations.

The road and drainage operation was the only operation studied that had
enough data to develop predictive production rates and historical production rates
for the three contract classifications. Figure 3-3 is a graphical representation of all
road and drainage operations studied for this thesis. Thirteen contracts were
studied and 77% of the contracts were found to be behind schedule Since this
operation usually falis on the critical path, the proper allocation of resources is
crucial to the project being completed on schedule

Since the mineral aggregate operation always falls on the critical path, it is
important that the estimation of this operation be within 10% of the actual time
needed for completion Figure 3-4 lists the results of the mineral aggregate mix
analysis The results indicate that for the thirty-six contracts examined, 98% of the
operation’s time duration were underestimated. Thirteen contracts took at least

twice the allotted time to complete the operation This large discrepancy might
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not be due entirely to TDOT’s production rates Historical data collection for this
item was difficult The determination of a full day or a half-day could not be made,
therefore, each day recorded was taken as a full day An error was introduced
upon making this assumption Without the proper documentation needed for
determining the historical production rates accurately, the assumption had to be
made just to get an idea of how well the production rates compared

Figure 3-5 shows the summary of all asphalt grade D operations As can
be seen, the majority of the contracts underestimated the construction duration
according to the number of days reported. This underestimation is the case for all
asphalt operations studied. Only a few contracts were able to meet the predictive
production rates and finish the operation on or ahead of schedule. In general, the
asphalt operations indicated that more time was needed to complete the
operations

The item having the largest discrepancy between the historical production
rate and TDOT’s production rate was the concrete ramp pavement operation
Figure 3-6 represents the summary of all concrete ramp pavement operations
TDOT currently uses a production rate of 10,000 sy/day Gatlin (1998) and
Brown (1999) developed a Pos rate of 536 sy/day Based on the Pys rate, 40% of
the historical contracts were ahead of schedule by at least 30% All of the

contracts were 600% or more behind schedule when TDOT’s production rate was

used. According to these results, adjustments should be made to TDOT’s
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production rate to prevent this huge underestimation of time required for concrete

ramp pavement construction

The results of the analysis showed that the concrete pipe culvert operations
were generally allotted enough days for completion Sixty-seven percent of the
concrete pipe culvert operations were estimated to be 65% or more ahead of
schedule. This item does not usually have a great impact on the overall duration of
a project because it is not on the critical path. Therefore, the data indicated that
the production rates currently being used by TDOT would be sufficient in the
estimation of the time duration for the concrete pipe culvert operation

Even though the results indicate that the contractor typically needed more
time to complete the operations, the historical data showed that some contractors
were capable of meeting the predictive production rates. Since some contractors
met the Pos rate, it can be assumed that all contractors should be capable of
meeting the Pys rate  The misallocation of resources could be the main reason for

not finishing the operation on schedule.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The goal of this research project was to collect historical data, determine
historical production rates, and compare these rates with the predictive production
rates developed by Gatlin (1998) and Brown (1999). Comparisons were made to
determine the validity of the predictive production rates. The results for the
operations indicate, typically, that there was not enough time appropriated for the
contractor to complete the operations on schedule. However, a look at the
historical data and the number of days meeting or exceeding the Pys rate shows
that the contractors were able to match the predictive production rate some of the
time during construction. This fact would indicate that the contractor might not
have the appropriate amount of resources allotted to the operations. Failure to
have enough resources available can lead to contract overruns, cost overruns, and
ultimately claims.

The mineral aggregate operation was the only operation studied where
98% of the contracts had more days reported to complete the operation than the
number of days estimated using the predictive production rates. The reason for
the large discrepancy between actual days and estimated days was due primarily to
record keeping. Days were recorded when mineral aggregate mix was laid;

however, no details as to the location of placement were recorded in the historical
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records. A differentiation could not be made between a “day recorded” and a “full

day of work”; therefore, an assumption had to be made. The assumption was that
each day recorded would be counted as a “full day”. This assumption can lead to
a large underestimation of operation productivity, since there was no indication in
the historical records whether the days reported were full days or half days.
Although it is not as evident in the results of the asphalt operations, the same
problem occurred in record keeping.

Many factors influence production rates. For example, project
management is one of the most influential factors affecting final completion of a
project. Project managers determine how many resources should be used. The
production rates were developed on the assumption that enough resources will be
available for construction. When equipment or personnel are inappropriately
allocated, a reduction in productivity occurs. Another factor influencing project
duration is the arrival time of material. Delays occur if the materials do not arrive
on the project site when they are needed. The bunching together of haul trucks
during the hauling or dumping of materials, also known as the bunching effect,
causes a reduction in productivity. The processor has to wait for trucks to arrive,
and then the trucks are bunched together. Trucks have to wait in a queue to be
loaded and then delays occur.

4.2 RECOMMENDATIONS
Descriptive record keeping would help in the improvement of production

rates. A researcher must rely on the documents of the past to provide information
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for future changes in productivity calculations. Many problems in record keeping
were noted during this research. When referring back to field books, dates of
construction and placement of materials were often difficult to find or not found at
all. For example, dates for placement of the mineral aggregate mix and asphalt
were most always noted; however, the location of placement was never noted. It
is important to the researcher to know where the material was being laid. If only
two truckloads of material were laid on a driveway, the proper adjustments need
to be made to account for the low daily production. Also, when the contractor is
at full production laying material on the roadway, a note needs to be made so that
a full day would be interpreted.

Information needed from inspector’s field diaries was also hard to collect.
Historical data for the box culvert, box bridge, bridge deck, and steel bar
reinforcement operations could not be collected because of poor record keeping.
To make a proper assessment of these operations, the inspector must keep detailed
notes. The amount of time needed to dig footings, to lay the steel, to form the
foundation, walls, and top, to cure, and to strip the forms should all be noted for
the box culvert and bridge operations. Since the inspector cannot oversee
everything on a project without missing something during the construction
process, an approximate time would be sufficient. The amount of time needed to
tie steel bars on a bridge deck is also very important to research. This item is on

the critical path for bridge construction. Work cannot proceed until the
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reinforcement is placed and tied. Accurate production rates need to be determined
in order to predict the amount of days needed for this operation.

The future of an organization depends greatly on learning and improving on
the progress of the past. Proper record keeping would help to improve on future
construction. By keeping proper records, contract overruns, dispute resolution,
and total project cost can be better defended. The record keeping process should
be uniform across the state, thereby reducing the possible misinterpretation of
contract documents. Training seminars would be one step in assuring appropriate
recording of events occurring on projects. By taking a little more time and
making the proper notes, production rates can be determined for any of the

construction Processces.
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A step by step analysis of an operation studied.

Contract 2476
Final Contract Amount = $2,511,506 28 > $2,500,000

Therefore, this contract falls into the large contract classification

For Asphalt Grade A-S
Final Quantity = 11019 tons
Average Pys Production Rate = 1560 tons/day
TDOT Production Rate = 2000 tons/day

Data collected from historical records (See Figure A-1)
Number of Days Reported for Completion of Operation = 7 days
Number of Days Meeting or Exceeding TDOT Production Rate = 2 days
Number of Days Meeting or Exceeding Pys Production Rate = 3 days

Analysis

/s t
Max Number of Days Needed According to TDOT = ( Final Quannty )

TDOT Production Rate
11019¢0ns
Max. Numb Days Needed According t = =6
lax. Number of Days Needed According to TDOT (2000tons ; j days

Final Quantity )
Max. Numb Days Needed at 95% =
ax. Number of Days Nee at 95% (PredzctrveProductzonRate

11019¢
ons )=8days

Max. Number of Days Needed at 95% = | ——————
ac. Number of Days Needed at 95% (1560tons/day
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Dy or = Max Number of Days Needed According to TDOT ~ Number of DaysRe ported
Dy or = 6days — Tdays = —1day
D,y = Max Number of Days Needed at 95% — Number of DaysRe ported

D,y = 8days — Tdays = 1day

Dipor ) *
_ 100
Percent TDOT (ch Number of DaysNeeded AccordingtoTDOT (100)

— lday * — _170
6daysj (100) = -17%

Percent TDOT = (

D P95
Meoc. Number of Days Needed at 95%

) *(100)

Percent B, = (

lday)*(100)=13%

PercentE,; = ( 8days

Max Number of Days Needed AccordingtoTDOT )

Ran T=
0TDO [ Number of DaysRe ported

6days
/1] = = 0.
RatioTDOT (7 s) 086

Max Number of Days Needed at 95%)

RanoP, =
0%ss ( Number of DaysRe ported

8
RatioP, = (7$:j =114

Fmal Quantity J . ( Final Quantity )
d

Contribution toWt. Avg =
oniribution to & (Numberof DaysRe porte 2.of All Final Quantities
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https://RatioPe.95

11019¢0ons

11019+
Wt Avg Historical Prod Rate = ( ons) *(

7days

516419¢ons.

I Final Quantity Final Quantity
Wt Avg=3% * -
Number of DaysRe ported) \ 3 of Final Quantities) |

_( Final Quantity

t Avg = *
Wt dvg =2 Number of DaysRe ported) (

Final Quantity J
S,

> of Final Quantitie

) = 34¢tons/ day

The analysis was performed on all other contracts containing the asphalt grade A-S

operation and then summarized in Table A-1. Figure A-2 is a graphical

representation of the summary Table A-2
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