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Abstract

The Tennessee Department of Transportation presently
schedules contracts according to experienced based
productivity rates. These productivity rates lead to
inconsistent scheduling of highway construction operations.
In order to improve scheduling, the Tennessee Department of
Transportation funded a research project to investigate
highway construction operations. The goals of this research
are to develop a methodology to determine appropriate
productivity rates and thus to improve task duration
calculations.

This thesis concentrates on obtaining productivity
rates for highway excavation operations. Field data were
collected on forty-one excavation processes and various
types of excavation methods. Statistical analysis indicated
that highway excavation operations generally follow a
lognormal distribution. After determining the appropriate
distribution, a predicted productivity rate was calculated
with a 95% confidence level. The methodology developed in
this study will not only reduce conflicts due to scheduling
but also provide TDOT with a more effective means of
scheduling excavation operations and data to defend their

scheduling procedures.
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Chapter 1

Introduction

1.1 BACKGROUND

For the past few decades, highway construction has not
kept pace with other industries as far as improving overall
productivity. In direct correlation, the cost of highway
construction projects has increased considerably. The lack
of improvement in productivity relates to the scheduling of
jobs, a process which tends to be inconsistent.
Inconsistencies in scheduling lead to higher construction
costs if the scheduled time is too short and higher user
costs if the scheduled time is too long.

The University of Tennessee is presently involved in a
program to investigate productivity, cost, and scheduling of
highway construction operations. This research is intended
to provide productivity data on a broad spectrum of
construction operations. Approximately twenty-three
different tasks are being investigated in this research.
These tasks comprise a major portion of the total time
required to complete most highway construction projects.

This study by The University of Tennessee is funded by the



Tennessee Department of Transportation(TDOT) and the Federal
Highway Administration (FHWA).

The purpose of this research is to analyze the time
duration and productivity rates of specific highway
construction tasks and develop a methodology to more
accurately predict time duration and evaluate delay claims
on highway construction operations. The results from this
study are expected to lead to a better understanding of time

duration associated with highway construction operations.

1.2 TYPES OF MODELS

The Method Productivity Delay Model (MPDM)! was
developed by James Adrian in order to allow “the average
construction firm a means of measuring, predicting, and
improving construction method productivity”!. MPDM takes a
continuous sample of production cycles and notes the types
of delays that occurred in the cycle and the amount of delay
that was incurred. The determination of which cycles
contain delays is left up to the discretion of the observer
which may lead to some subjectivity in the data. From these
data, one can determine the overall efficiency of the
operation and show the effects that the calculated delays

had on the productivity that was measured. The productivity

! Denotes Reference.



is Dbased on an average time that may tend to be

unconservative?.

Another method for calculating productivity is queuing
theory'. A more common model associated with gueuing is the
finite queuing model. The finite queuing model analyzes a
finite number of resources that are served by one or more
processors. The Markovian model is one of the finite
queuing models. The model uses the arrival rate of the

hauling units(A) and the service rate of the processor(u) to

develop equations of state for a particular model. An

example of the equations of state are as follows:

-Equations of state(one processor-three hauling units)
3P, - b + 0 + 0 =0

BAP, + (F2A)P; - pP; + 0 =0

0 - AP, + (AHPy- uP3 =0
0 + 0 - AP, + pPs =0
Py + PP+ P + P; =1

where, Pn = probability of n number of units in the system

Once the equations of state are defined, a probability of no

units(Pg) in a system can be calculated.



Po will allow for a means to determine the production by the

following equation:

Prod. = L(1-Pg)puc (LD
in which, L = Period of time being considered
Po = Probability of no units in the system
p = Average processor rate (loads/hr)
c = Capacity of cycle

The use of this model is limited to cyclic operations and
operations with one or more processors.

Computer simulation’ has been used to analyze
repetitive construction operations. The software for
simulating construction operations is known as CYCLONE.
CYCLONE can be utilized to determine productivity. The user
must model the method of operation, and must determine the
time associated with each element within the operation.
Since the user must determine the type of model and cycle
times, CYCLONE’s ability to predict future productivity is
limited. However, the CYCLONE model will allow the user to
enter either deterministic cycle time values or use a
specific probability distribution function to determine

cycle times.

1.3 PREVIOUS WORK

One recent graduate of the University of Tennessee at

Knoxville has already documented the research study in his



dissertation. Abdul Abdulghafour? reviewed and analyzed
nine of the twenty-three previously mentioned tasks. The
documentation for field data collection and analysis
procedures are presented in his dissertation. One
difference between his study and the one presented here is
the methodology used to determine cycle times.

Another colleague, Eric Brown3®, is presently writing
his thesis on the same research. His thesis focus 1is
primarily on the factors which influence productivity and
their effects on scheduling. The factors will be determined
based on delays which occur in highway construction
operations. These factors have a direct correlation on
decreasing productivity and increasing project duration.

One study based on the queuing theory was reported by
Handa and Barcia®. The basis for their approach is the use
of new dynamic optimization techniques or Optimal Control
Theory. They demonstrate this technique with an earth
moving operation based on solutions developed by Griffis’.
The Optimal Control Theory uses a collection of models of a
specific process and a production table calculated by
Griffis in order to determine an appropriate schedule table.
The scheduling table is broken down into time periods in
which one period consists of 13-45 hour weeks. The schedule

table suggests the optimal number of trucks that should be



present within the system, as well as the production rate
and cost of the operation for a given period. The Optimal
Control Theory allows the table to be applicable even if
there are changes 1in the resources during the cyclic
operation.

CYCLONE has been used in several productivity studies.
Amir Tavakoli utilizes CYCLONE in two of his studies. One
study’s approach is to use CYCLONE to develop a set of
standard models frequently encountered in road
construction®. Another approach of Tavakoli 1is to
accurately measure productivity for cost estimating by
investigating the start-up period and steady state period
of a dual cycle system, containing a processor and hauling
units’. Travkoli uses several different simulated scenarios

in order to account for varying production rates.

1.4 PROBLEM STATEMENT

This thesis concentrates on the excavation aspect of
highway construction. The Tennessee Department of
Transportation has two ways of categorizing soil excavation.
The first process consists of moving the soil that is on the
job site. The second process pertains to transporting soil
to the job site. The process of moving the soil on the job
site 1s known as road and drainage whereas the importation

of the soil is known as borrow. Although these two types of



excavation are opposite in procedure, they use the same

methods of excavation and transportation. Besides the origin
of the soil, another difference in the methods occurs in the
unloading process. Since the unloading site is on the job
during borrow excavation, the soil has to be specifically
placed and compacted. The placement of the soil for road
and drainage may also follow the process of borrow
excavation or it may be hauled off the job and spoiled.

Widening an existing road or building a new one are
highway operations in which excavation accounts for a
considerable amount of the project’s time duration.
Therefore, the duration o¢f many projects is heavily
influenced by the time associated with excavation. The
analysis techniques shown throughout this thesis will
determine a productivity associated with each excavation
process.

The ultimate goal of this thesis is to determine a
productivity and schedule time which can be associated with
both borrow and road and drainage excavation. In order to
complete this goal, several steps and analyses must be
utilized. The first procedure is to analyze the field data
and determine a probability distribution function in which
the data follow. The analysis used to perform this task is

the Kolmogorov-Smirnov(K-S)® test. The K-S test is used to



determine the type of distribution the data follow and
decide if a set of data contains delays. Once the type of
distribution is determined, a time associated with predicted
productivity can be calculated. The time used to determine
a predicted productivity is denoted as Tgs. The next step
is to divide each data set into its respective job size.
The job sizes range from small, medium, and large, and are
based on the total amount of soil handled throughout the
duration of the project. A weighted average productivity
curve for each job size is then calculated based on total
production of the one day site visit. After the
productivity curves are calculated, a cost estimate for each
data set is determined in order to validate the
productivity. Once the data is validated, the productivity
curves can be used to estimate a time duration for a given

job size.



Chapter 2

Data Acquisition

2.1 METHODOLOGY

Before the field data are collected, one must identify
a project which includes the desired task. The site is
visited after the location and date of the work is
determined. At the beginning of the site visit a general
information sheet is prepared to describe the project. This
sheet includes the following items: prime contractor, item
number, contract number, county, region, environmental
conditions, construction resources, and date on which the
data were collected. After this information is recorded,
the data collection begins. An example of the data collected

in the field is as follows:

Truck # 1 2 3

Arrival Time 0:00:00 } 0:00:00 | 0:03:12
Start Loading | 0:03:16 | 0:07:04 | 0:12:55
End Loading | 0:06:24 | 0:12:04 | 0:15:47

The initial step of the collection process 1s to
determine the appropriate cycle time for the task being
investigated. While construction methods vary, the basic

operational cycle remains the same. In an excavation



operation, there are two specific cycle times involved in
the task. One is the cycle time of the hauling unit (truck),
and the other is the cycle time of the processor (excavator).
The cycle time of the truck can be determined from the start
reposition time of the truck to the arrival of the same
truck for the next cycle. The processor cycle time is the
time to process a single truckload. Once the cycles are
established the field data can be reduced into cycle times

and analyzed.

2.2 CONSTRUCTION METHODS

Highway construction has several different methods of
operation to consider for excavation. The excavation
process contains two fundamental components. The first
component 1is the processor and the other is the hauling
unit. Each resource plays a specific role in transporting
the soil from the load site to the dumpsite.

The processor is the resource that extracts and places
the soil into the hauling unit. Several different types of
processors are available to the contractor, depending on the
conditions of the Jjob site. One type of processor 1is an
excavator. According to observations made on this research,
the excavator is wutilized more often than any other
processor. The reason for the frequent use of the excavator

is its versatility versus a front-end loader. The front-end

10



loader is another processor used in excavation; however, it
is limited to only certain types of excavation. The front-
end loader usually requires a particular amount of margin to
operate and the assistance of another resource to stockpile
material. Therefore, the use of the front-end loader is not
as frequent as the excavator.

The resource that actually transports the soil is the
hauling unit. Hauling units are divided into two basic
types. The first type is denoted as a road truck. Road
trucks are tri-axle dump trucks that travel mainly on paved
surfaces. The other type of hauling unit is the off-road
truck. The off-road truck is categorized into two types.
The two types are articulated and off-highway trucks. The
off-road truck is used when the haul road does not include
paved surfaces. The contractor will most likely have a
higher productivity if he is able to utilize the off-road
truck due to 1its larger hauling capacity. However, the
contractor may not be able to utilize the off-road truck if
the haul road is on an asphalt surface due to a limit on
allowable axle loads.

Another method of excavation is the use of scrapers.
Scrapers are unique in that they are both the processor and

the hauling unit. However, they do require the assistance
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of a pushing resource, such as a bulldozer. Also, scrapers
are confined to unpaved hauling roads.

Scrapers tend to have the higher productivity of the
three methods due to their maneuver time, quick load times,
and quick dump times. These three items make up what 1is
called the fixed time within a cycle. The other components
are travel time and return time. A debate exists whether
scrapers should be used as hauling units versus the off-road
trucks. A scraper’s fixed time is generally less than an
off-road truék, and the fixed time has more effect on the
overall cycle time of short hauling distances. Therefore,
“Scrapers compete with trucks on a cost-per-year basis on
hauls up to 5,000 ft”°. Once the hauling distance becomes
relatively large, then the fixed time has less impact and
the off-road truck is clearly a better hauling unit.

Another method the contractor may use is the tractor-
pan. The tractor-pan method is the combination of a tractor
pulling a dirt pan. A dirt pan is the containment part of a
scraper. The tractor-pan method is similar to the scrapers
except they wusually do not require any assistance in
loading. The tractor-pan method tends to have less
productivity than scrapers because a tractor can not produce

speeds as fast as the scraper.

12



A relatively new resource for pulling a dirt pan is the

Challenger. The Challenger has features similar to both a
tractor and a bulldozer. One positive note about the
Challenger is that it has speed comparable to that of the
scraper. However, the Challenger is still not in wide use
but it 1is another method available to the contractor.
Although some methods are better than others, the ultimate
decision 1is based on the available resources to the
contractor, the condition of the job site, and constraints

on where the soil is located.
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Chapter 3

Data Analysis

3.1 STATISTICAL MODELING

In order to determine the productivity of a
construction process, the appropriate method of analysis
must be decided. Excavators and front end loaders were
analyzed differently from the scrapers and tractor-pans.
The differences occur when determining the maximum and
predicted productivity. The differences in productivity
are discussed later.

The first step in analyzing the data was to determine
the appropriate statistical distribution. Previous research
has shown that most construction operations can be
considered to be either normal or lognormal distribution®.
The Kolmogorov-Smirnov (K-S) (Table 1)test was performed on
each set of data obtained in this research. In order to
perform the “K-S” test, the data must first be arranged in
ascending order and the count, mean, and standard deviation
must be computed.

The K-S test is a statistical analysis tool to
determine if a data set conforms to a particular statistical

distribution. For this research project, the data were

14



Table 1. K-S test on contract 4849-1, End to Arrival.

County Claiborne TRAVEL Road & Drainage

mean = 8.60 stand. dev:1.49 # samples= 48 zeta= lambda=

(min.) (min. ) 0.17197 2.13685

nondelay lognormal Normal

order Time (min.) cum. freq. cum. prob. deviation cum. prob. deviation
1 6.68 0.02083 0.08387 0.06304 0.09925 0.07842
2 7.00 0.04167 0.13344 0.09177 0.14158 0.09991
3 7.10 0.06250 0.15202 0.08952 0.15717 0.09467
4 7.13 0.08333 0.15851 0.07518 0.16261 0.07928
5 7.30 0.10417 0.19317 0.08900 0.19163 0.08747
6 7.32 0.12500 0.19682 0.07182 0.18470 0.06870
7 7.47 0.14583 0.23116 0.08533 0.22362 0.07779
8 7.50 0.16667 0.23913 0.07246 0.23036 0.06370
9 7.50 0.18750 0.23913 0.05163 0.23036 0.04286
10 7.58 0.20833 0.25951 0.05117 0.24771 0.03938
11 7.62 0.22917 0.26784 0.03867 0.25484 0.02567
12 7.72 0.25000 0.29339 0.04339 0.27685 0.02685
13 7.72 0.27083 0.29339 0.02255 0.27685 0.00602
14 7.73 0.29167 0.29772 0.00605 0.28061 0.01106
15 7.73 0.31250 0.29772 0.01478 0.28061 0.03189
16 7.77 0.33333 0.30644 0.02689 0.28820 0.04514
17 7.82 0.35417 0.31966 0.03451 0.29976 0.05441
18 7.85 0.37500 0.32856 0.04644 0.30758 0.06742
19 7.90 0.39583 0.34201 0.05382 0.31948 0.07636
20 7.97 0.41667 0.36013 0.05654 0.33563 0.08103
21 7.98 0.43750C 0.36468 0.07282 0.33972 0.09778
22 8.03 0.45833 0.37841 0.07992 0.35210 0.10624
23 §.07 0.47917 0.38760 0.09157 0.36044 0.11873
24 8.18 0.50000 0.41992 0.08008 0.39013 0.10987
25 8.18 0.52083 0.41992 0.10091 0.39013 0.13070
26 8.25 0.54167 0.43845 0.10322 0.40740 0.13426
27 8.32 0.56250 0.45695 0.10555 0.42486 0.13764
28 8.47 0.58333 0.49834 0.08500 0.46462 0.11871
29 8.50 0.60417 0.50745 0.09671 0.47352 0.13065
30 8.58 0.62500 0.53006 0.09494 0.49582 0.12918
31 8.65 0.64583 0.54792 0.08792 0.51367 0.13217
32 8.70 0.66667 0.56116 0.10550 0.52704 0.13963
33 8.83 0.68750 0.58575 0.098175 0.56250 0.12500
34 8.97 0.70833 0.62910 0.07923 0.59747 0.11086
35 9.03 0.72917 0.64526 0.08391 0.61469 0.11448
36 9.05 0.75000 0.64924 0.10076 0.6189%6 0.13104
37 9.07 0.77083 0.65319 0.11764 0.62322 0.14762
38 9.12 0.79167 0.66492 0.12674 0.63589 0.15577
39 9.18 0.81250 0.68022 0.13228 0.65256 0.15994
40 9.32 0.83333 0.70957 0.12376 0.68501 0.14833
41 9.50 0.85417 0.74711 0.10705 0.72735 0.12682
42 9.55 0.87500 0.75677 0.11823 0.73838 0.13662
43 10.32 0.89583 0.87389 0.02194 0.87554 0.02029
44 10.33 0.91667 0.87582 0.04084 0.87782 0.03885
45 11.12 0.93750 0.94286 0.00536 0.95448 0.01698
46 11.73 0.95833 0.97083 0.01250 0.98231 0.02397
47 13.25 0.97817 0.99534 0.01617 0.99910 0.01993
48 14.07 1.00000 0.99840 0.00160 0.99988 0.00012

maximum deviation 0.13228 0.159%4
allowable D{95%) for N =48 0.19400

15



compared to the normal and lognormal distributions. The

deviation was determined by the absolute value of the
difference between the cumulative frequency and the
cumulative probabilities. After the deviations were
calculated for all the data, a maximum deviation was found
for both the normal and lognormal distributions. For
example in contract 4849-1, the maximum deviation is 0.13228
for 1lognormal and 0.15994 for normal. This maximum
deviation was then compared to the allowable deviation which
is based on a 95% confidence level (Table 2). The values for

allowable deviation with a 95% confidence is located in the
column of a equals to 0.05. In order to pass the K-S test,

the maximum deviation must be lower than the allowable
deviation.

Table 2. Critical values for Kolmogorov-Smirnov tests.®

n\ « 0.20 0.10 0.05 0.01
5 0.45 0.51 0.56 0.67
10 0.32 0.37 0.41 0.49
15 0.27 0.30 0.34 0.40
20 0.23 0.26 0.29 0.36
25 0.21 0.24 0.27 0.32
30 0.19 0.22 0.24 0.29
35 0.18 0.20 0.23 0.27
40 0.17 0.19 0.21 0.25
45 0.16 0.18 0.20 0.24
50 0.15 0.17 0.19 0.23

> 50 1.07 /n 1.22 /n 1.36 /Vn 1.63 /n

where, n = number of data points

16



If the data fail the test, then the mean plus one
standard deviation was used as a cut off point in order to
separate the delay cycles from non-delay cycles. The data
which were above the cut off point were considered the delay
cycles. However, i1f the K-S test passes, the data were
concluded to have no significant delays.

The K-S test was performed for road & drainage and

borrow, and the results are in Tables 3 and 4. In these

tables, plus 1o denotes that the data contained significant

delays and failed the K-S test and, plus 20 means the data
failed the K-S test wusing the mean plus one standard
deviation. The mean and standard deviation of the second
failed test are then used to determine a new cut off point
for delays. A few selected K-S tests are presented in
Appendices C and D. Although some of the data conformed to
a normal distribution better than a longnormal distribution,
not all data passed the K-S test for normal distribution.
Since all the data passed the K-S test for the lognormal
distribution, the data were analyzed using the lognormal

distribution. The lognormal distribution is as follows:

17



Lognormal Probability Density Function:

L%W?JT}

_ 1
fux)= ———\/Z; I e

where: Aand are the statistical parameters.

The parameter equations are as follows:

{ = \/ln[iz + ch (3.2)

X

A= InX-(05*) (3.3)

where, X = mean
c standard deviation

The headings of Tables 3 and 4, End to Arrival, simply
denote that the times were the cycle times of the hauling
unit. The K-S test was performed on two other times. These
two times are the loading time of the processor and the
reposition time of the hauling unit. The results for
reposition and load times are presented as Tables B1-B4.
The loading time and reposition time were only applicable
for operations pertaining to excavators and front end

loaders.
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As mentioned before, the productivity calculation
differs for excavators and front end loaders. The reason
for the difference 1is that the maximum and minimum
productivity is based on the processor. Therefore, when
calculating the appropriate cycle time, the processor is of
primary concern. The cycle time for excavators and front
end loaders was determined to be the load time plus the
reposition time. The reason for including the reposition
time in the cycle time is that the loader is unable to
perform during the reposition. This allows for a more
realistic value for the processor cycle time. However, the
scrapers and tractor-pans are the processors and the end to

arrival time will be utilized in determining productivity.

3.2 PREDICTED PRODUCTIVITY (Tgs)

In order to determine a predicted productivity, an
appropriate cycle time must be calculated. The cycle time
associated with the predicted productivity is noted as Tgs.
Tgs is the weighted summation of the lognormal delay and
lognormal non-delay cycle times for a set of data. Both
the delay and non-delay cycle times have their own unique
lognormal distributions. The formula and figure 1

illustrate this procedure.
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nd = non-delay
d = delay

where T is cycle time that represents 95% of the lognormal
distribution.

X « 5%

cycles times IT

Figure 1. Lognormal Distribution Graph.

Once Tgs 1is calculated, the respective productivity
can be determined. Since an ao of 0.05 4is wused in

calculating the T¢s productivity, there is a 95% confidence
that at any given time the productivity of an operation is

equal to or above the predicted(Tss) productivity.
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3.3 PRODUCTIVITY CALCULATIONS

Three production rates considered in the productivity
analysis are the theoretical maximum, predicted, and
observed. The observed productivity was determined by the
amount of material moved during the site visit divided by
the total observed time. The total observed time was the
actual time that the equipment worked. The following
formulas were used to calculate theoretical maximum and Tos

production rates.

Excavators and Front End Loaders

Production rate = 60min/hr * C ( cy/hr) (3.5)
t

where; C capacity of hauling unit (cy)

t = mean load + mean reposition time
(Theoretical max.) (min.)

or

t = Tgs load + reposition(Tgs production) (min.)

23



Scrapers and Tractor-Pans

Production rate = 60min/hr * C * N ( cy/hr) (3.6)
t

where; C = capacity of hauling unit (cy)
N = equivalent number of units(Ng) (Te¢s production)
N = opzimal number of units (Ng) {Theoretical max.)
t = Tys mean overall cycle time(Tys production) (min.)
t = megg overall cycle time (Theoretical max.) (min.)
The capacities for processors and hauling units were based
on struck capacities of resources located in the Caterpillar

Performance Handbook!®. A summary of all the productivity

calculations are presented in Tables 5 and 6.

3.4 DATA SUMMARY

In order to 1illustrate graphically the production
rates, productivity curves were calculated. An example of
the observed, theoretical maximum, and Tg¢s productivity
curves are illustrated in Figure 2. The theoretical maximum
curve provides an upper bound and the Tgs curve provides a
lower bound for the observed production curve. Once the
productivity curves were calculated for a task, all the data
were assembled in their respective size groups(Table 7)

based on the total quantity of the job(Figure B5-B6).
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Table 7. Job Size Breakdown for Road & Drainage and Borrow

Excavation.
Road & Drainage
Size Range (cy)
Small 0 - 500,000
Medium 500,000 | - 1,000,000
Large 1,000,000 | - up
Borrow
Size Range (cy)
Small 0 - 100,000
Large 100,000 | - up

After each set of data were inserted into its
respective job size, a weighted average productivity curve
was calculated(Figure Al-A5). The weighted average
productivity curves represent excavators, front end loaders,
scrapers, and tractor-pans. The weighted averages were
based on the total observed production during the one-day
site visit and represents an eight hour working day. The
curves also portray a single operation for a single site for

an eight hour day.
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Chapter 4

Data Comparison

4.1 COST ESTIMATES

In order to demonstrate the reliability of the data,

productivity

measured task and an average for each region was calculated.
The cost estimates are based on the resources
force present during the data collection.

individual contract cost estimate is in Table 8.

Table 8.

Item # 203-01
Road&Drainage Excavation
Contract # 4948-1

cost

estimate!!

was calculated for

Cost Estimate for Contract 4948-1.

An example of an

County: Claiborne
Region: I
Equipment:
Operation Total
Rate/Month Rate/Hour Cost/Hour | Cost/Hour
Model Quantity ($) ($) ($) ($)
Komatsu PC400LC Excavator 1 11,500 65.34 16.25 81.59
Volvo A35 Haul Trucks 3 12,000 68.18 21.64 269.45
Cat D6E Dozer 1 6,800 38.64 8.21 46.85
Grizzly Shaker Roller 1 6,900 39.20 10.43 49.63
Labor:
Rate/Hour Crew Hour Total Cost | Crew Rate
Classification Quantity ($/hr) Worked/Hour ($/hr) ($/hr)
Foreman 1 12.80 0.25 3.20
Class A Operator 1 11.80 1.0 11.80
Class B Operator 2 10.04 2.0 20.08
Truck Driver 3 8.89 3.0
6.25
Observed
Total Production
Cost/Hour Rate Unit Cost
($) (cy/hr) ($/cy)
533.98 284 T

29
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The equipment costs were based on manufacturers’ suggested
rental rates, and the labor costs were determined using the
appropriate state wage rates. A 40% burden was added to the
labor cost to account for FICA, Workmen’s Compensation,
unemployment insurance, and other non-direct costs. Once a
total cost per hour was determined, a unit cost was
calculated by dividing the total cost per hour by the
observed production rate. The following equation
illustrates this procedure.

Unit Cost($/cy) = Total Cost ($/hr) (4.1)
Production Rate (cy/hr)

After a cost estimate was calculated for each contract, a
weighted average unit cost Dbased on production was
calculated for each region. The summary of cost estimates
are located in Tables 9 and 10.

The calculated weighted average for road and drainage is
$1.81/cy compared to the TDOT average of $2.31/cy. The
likely difference is that profit was not included in the
calculation of the observed unit cost. Profit was also
excluded in the calculation of a unit cost for borrow
excavation. The unit costs for borrow excavation are
$1.97/cy for observed and $3.16/cy for TDOT. The larger

margin between observed and TDOT unit costs for borrow
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excavation 1is that cost of material is not included in the
calculation of the observed unit cost. Although profit and
material costs are absent in the calculation of unit cost,
it is apparent that the observed unit cost adequately

correlates with TDOT’s average unit cost.

4.2 PRODUCTIVITY

The Tennessee Department of Transportation has
published productivity rates'? which have been used to
schedule project durations. TDOT’s rates are shown in Table
12 along with productivity rates developed within this
research. TDOT determines job size based on the cost of the
total contract. TDOT’'s job size breakdown is located in

Table 11.

Table 11. Job Size Breakdown for TDOT.

Road & Drainage and Borrow excavation

Size Range ($)

Small 0 - 500,000
Medium 500, 000 - 2,500,000
Large 2,500,000 - up
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TDOT estimated their productivity rates by consulting
general contractors and TDOT personnel. TDOT’s productivity
rates represent a single operation for an eight hour day.

After the productivity rates were calculated, they
were compared to productivity rates presently employed by
TDOT and TDOT field book data. When the field book data
were analyzed, the allocation of working days was found to
be inconsistent. A historical examination of contract 3564
proved that not all working days were recorded. For
example, one working day was charged in the month of January
and 87,000 cubic yards of material ware processed.
Therefore, the inconsistent allocation of working days
prevented a comparison of this thesis’s scheduling technique
to historical data.

Many contracts containing excavation operations have
been extended either by not allocating working days or by
extending calendar day deadlines. TDOT extends these
contracts in order to avoid claims which in most cases cost
the state not only time extension but addition financial
compensation. The allocated time for many contracts is too
short because the productivity rates used for scheduling are
too high. Since the state’s productivity rates are not
calculated from any specific method, TDOT does not have a

means for defending claims for time extension.
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The productivity rates developed in this research are
calculated from field data collection and statistical
analysis techniques. The Tg¢s productivity rates reflect
productivities with a 95% confidence level. The research
productivity rates provide a means for predicting a schedule
that will permit the Department of Transportation a method
of scheduling task duration with a high degree of confidence
and at the same time provide reasonable time objectives for

highway contractors.
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Chapter 5

Conclusions

The inconsistent scheduling of highway construction
operations has concerned contractors and TDOT personnel for
many years. In order to alleviate scheduling dilemmas, this
research has developed a methodology for calculating a
predicted productivity for highway construction operations.
This thesis analyzed borrow and road and drainage excavation
operations and developed productivity rates for various job
sizes which are used for determining task durations.

In order to decrease schedule duration conflicts for
highway excavation operations, a statistical technique for
determining predicted productivity rates has been developed
in this thesis. The calculated productivity rates provide
for scheduling task times with a high degree of confidence.
This thesis not only supplies TDOT with a better scheduling
technique but also provides a means of defending the
productivity rates used for scheduling.

Through the course of this research, one recommendation
for future excavation studies was developed. Highway
construction operations containing large amounts of

excavation tend to have concurrent earthmoving processes.
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The recommendation for future studies is to analyze these
concurrent  processes and determine their effect on

productivity and scheduling.

38



List of References

39



LIST OF REFERENCES

Halpin, D.W., Riggs, L.S. Planning and Analysis of Construction

Operations. John Wiley & Sons, INC. New York, -41-96.1992

. Abdulghafour, A.B. “Modeling Highway Construction Tasks to Determine

Project Duration.” Ph.D. dissertation. University of Tennessee,

Knoxville.1998

Brown, Eric R. “Factors Affecting Productivity of Highway
Construction Operations.” University of Tennessee, Knoxville. In

process of completing thesis for submittal in May of 1999.

Handa, V.K. and Barcia, R.M. “Construction Production Planning,” J.

Construction Engineering and Management (ASCE), 112(2), 163-177. 1986

Griffis, Jr., F.H., “Optimizing Haul Fleet Size Using Queuing
Theroy,” in Reading Costs in Engineering, Veol. 1, ASCE, pp. 531-544.

1979

Tavakoli, A. ,”Productivity Analysis of Construction Operations,” J.

Construction Engineering and Management (ASCE), 111(1), 31-39. 1985

Tavakoli, A.,“Transient Response Analysis of a Dual Cycle System,” J.
Construction Engineering and Management (ASCE), 112(3), pp. 403-410.

1986

. Ang, A. and Tang, W. Probability Concepts in Engineering Planning and

Design: Volume I-Basic Principles. New York: John Wiley & Sons. 1975

40



9. Better Roads , “Should you haul with a truck or a scraper,” October

1993,pp. 35-36.

10. Caterpillar Performance Handbook . Peoria, Illinois. 1994

11. Deatherage, H. Construction Estimating Course Notes(Spring).
University of Tennessee, Knoxville, Civil Engineering Department.

1997

12. Tennessee Department of Transportation (TDOT), Letter from Carl M.
Wood, Jr. to Dennis C. Cook, subject “Determination of Contract

Time”. date: October 5, 1993.

41



Appendices

42



Appendix A

Summary Figures

43



087

* (ebeutexqg peoy) suorzeaadp

(T0O-€02) uoTjeaerdoxy obeurteaqg ® peoy
‘SA uorT3onpoag

s3oexjuo) 3abxeT

uotjexadp a1buTts

SWTT

ebaeT 103 soaan) XA3TaTjonpoad IV oanbrtg
(se3nuTtw) Swry
0Zv 09¢ 00¢ 0vc 08T oct 09 0
Y%‘ °
ey v 000T
A\ 4
Iy/ho gcy v\Q\O\Q\O\O\A MR v?Y \
a3jey ‘poig " ev 'Y _—
- vv?Y P 000¢
18\?8\?&1 vv?Y
k\o\’io\O\.A yyvY M \
¢ yvY" — 000¢
<A<<“<
v
Gy T 000%
v
™
\ (Ao) uoTjionpoag peaissqo ¥ r 000§
] (AD) UOT3IONPOId GOL =t 1
\ (AO) UuOT1ONPOIg WNWTXER TeOTIDI0OU] e 0009
| | | | 000L

(A>) uoT3onpoag

44



- (ebeuteazg prOY) suotieaadp
UNTPAN IO0JF S9AIND AJTAT3IONPOag :7v¥ =2anbTdg

(se3anuTtw) SwTT

08% 0cv 09¢ 00€ 0vc 081 0c¢t 09 0
T - 0
s -»l?L\Q\THL\QJMNWUHNUH“W7|
~. et ¢ 0“*1 v v v v v \
po—- > — v? 000¢
X TV vvY - 000¢
<A<<Aq<
vv? v 000¥
Y \ (Kko) uoTjonpoid peaissqp ¥
— 000§
\ (£D) UOTIONPOIT GEL wemipmm
\ (AD) UOTIONPOIJ WNWTXER TBOTIDIOO] e
= 0009
000L

S310®'I3UO0) UMTPSW
uotjevaadp oTburs
(T0O-£02) uoTleAROXY SDbrUTERIQ 3 PROY
SUIT], °'SA UOT3ONpPOoIdg

(Xo) uoT3onpoxg

45



087

* (sbeutexqg peoy) suortieaado

TTeWwS I03F saaxn) AJTATIOonpoxd :g¥ 2anbrtag
(se3nutw) LSuWT],
0cv 09¢ 00¢€ 0vc 081 0ZT 09
ay/ho zez
231ed "pPodad

\‘

. NHUﬂL1¢ vv?Y
vV
< MEAD

\‘

y v °

d

\

\\

~

(Ao)

uoTjionpoxd psaxasqo V¥

(AD) UOTIONPOId GHL e

(AD) UOTIONPOIJ WNUWIXE[ TEOTIDIOOUL e

S30eIjUO) TTRWS
uotieaadp o1buTts

surty,

(T0O-£02) uoTjearOXE SbHeutexq 3 peoy
*SA uoTjlonpoxd

-0

00§

000T
00ST
000¢
00Ss¢
000¢
00G¢
0007
00sv

(KAo) uoT3onpoxag

46



* (moxxog) suotazeaadp
obxer 103 ssaan) XA3TAaTionpoag :py oaInbrg

(seanutw) Swry

08¥ 0ZP 09¢€ 00¢€ 0vc 08T 0ctT 09 0
f -0
- 00§
1y/ko —— 0001
rapko Teer eV —
poid ‘ — 00ST
\
vy ——— 0002
1 vy vy Y \ (KAo) uoTionpoag psaissqo ¥
I A \\ : 0052
A
- (AD) UOTIONPOId GEJ wtpmem 000€
\ (AD) UOTIONPOIJ WNWIXERN TEOTIOIOO] e
00G¢€E
0007

sj3oeIjuo) =baeTg
uotjexado aTburs

(TO-€0°€0¢Z) uoTjeABOXE MOIIOH
QWIT] °“SA uoT3onpoxd

(Ao) uorjonpoxg
47



* (moxxog) suotjeaadp
TTewWS XO0F soaan) A3TaT3ionpoxd :GY o2anbtg

(sejnutw) SwWTL

08% 0zh 09¢ 00¢€ 0vz 08T 0z1 09 0
%w °
au/ko zgT 1.111*1\ 005
91ey 'poid Z \

| \\\\\\\\\\ 000T
\ (Ao) uoTionpoig peaissqo ¥
\ (AD) UOTIONPOI GOl wmtpun

000c¢

\\ (AD) uOTIONPOIJ UNWTXE TEOTIOIOOYL emmmemm

006GT

006¢

S30®'IjUO) TT®RWS
uotieaadp a1buts
(TO-€0°€0C) uoTjlEBAROXH MOIIOH
SWTL °‘'SA uoT3lonpoxd

(Ko) uorjzonpoag
48



Appendix B

Summary Tables

49




o7 snld

0z snid
o1 sutd

TewzoN €16T°0 S60T°0) TVPLT"O Ly 0 86°0 19 Aotxeapm 988%¥ 14 9¢
TeuwzouboT €€60°0 06CT°0}| 0GS1°0 8Z°0 G970 08 Ko1xyeapm LELY 4 5¢
Teuzoubor LSLO"0 8LB8T0]| 26ST°0 6C°0 9% "0 €L s1394ed 9697V |4 Ve
Teuzouboy 269170 60€C°0| €26T°0 AR re"0 9L Koy eom CLSY |4 £C
Teuxoubo £€rr0°0 922170 88€T1°0 9% "0 06°0 16 UOsIopUSH G16¢€ b (A4
Tewzoubot 89TT"0 2621°0] OS¥PT"0 LY 0 660 Z8 uosptraeq 266V € 1X4
TewzouboT| 1£850°0 |OEPT 0] €96T°0 €€°0 LS50 8y Azswobiuop L98Y 3 02

TewIoN QLET"O 2660°0| LCLT"O 620 S9°0 Z9 -1933e Ae1d 0v0S Z 61
Tewzoubog TLZT°0 TP02°0] 09€T"0 SE'0 0L 0 00T ‘uzow Ae1d 0v0S Z 81
TeuxouboT| 9660°0 6L02°0}] 26G1°0 Ge°1 16°1 €L 93TUM ({1844 [4 LT
TeuxzouboT 6£L0°0 08LT"0| VLET"O 9¢€°0 09°0 86 UUTWNOW P8ED 4 91
Tewzoubog L9TT"0 £€882°0| Cv¥1°0 9% "0 v 0 Z6 eayy 9Z6¢ Z GT
Teuzoubor QECT’0 696T°0] I8ET' 0 0G°0 16°0 143 uosispuy Z-p1ZS T A8
Temxzouboy 6EET 0 Zk81°0| 9¢¥1°0 ZE€"0 £€9°0 76 ‘1933 UOSILpUY T-%1¢S T £l
Teuzoubol 68C1°0 €EBT"0]| PLET"O 82°0 FS°0 00T ‘uIour UosSIspuy 1-%12S T T
Teuxoubog 6L0T°0 TI9TT°0| €0FT°0 96°0 LL"O L8 xouy 1€18 T Tt

TewIoN SOLT O FLET 0| 08TC°0 GG 0 66°0 6¢ auxoqretd £-8hob 1 0T
TewzouboT €2S81°0 0562°0| 0PTC°0 19°1 420" 6€ auxoqiet) Z-8b6¥ 1 6
Teuzoubot €€60°0 PETZ°0| OV6T°0 66°0 el 8V auxoqreTd 1-8v6V T 8
Tewzoubot 2880°0 TCET"0} 0EST"0 9670 66°0 8L usTquey 1°5%14 T L
Teuxoubo G80T1°0 F8LT"0] PEVPTO 2€°0 88°0 L8 auloqrIetrd Z-GS19¥F 1 9

TewIoN TLIT O LZTIT°0| 6F9T°0 80°0 ¥9°0 Z8 [uxoqreid T-G19¥ T S
TeuzouboT L860°0 8LTZ"0| 88E€ET"0 £€6°0 ov'1 00T xouw €CTh T |4
Teuzoubort 2060°0 86GT°0| L9FT"O 9% "0 660 98 }ooduey LTIV T €
Teuxoubot 1801°0 v00Z2°0] €09T1T°0 T1€°0 29°0 cL asbutean ¢-F96¢ T [4
Teuxoubot F201°0 9L1C°0] 00TC°0 18°0 LZ" T ob aebutean 1-%95¢€ ! 1
313 3seg | Tewaouborq |TewzoN | ($66) 4| "ASQ PIS (SWTIL ~©AY saT0okD) 3O # Kjuno) # 3oeajuo) |uotbed | &

- (ebeuteaqg pue peoy)uoriTsodsy I03F s3Tnsad S-M 19 STdelL

50



OT snfd

TewiouboT| 6Z0T'0 |VEET 0| THLI'O 9670 96°1 19 Aoyeapy 988¥ {4 9¢
Teuwzoubor| 6780°0 |[IVOT 0| €6%T°0 12°0 Ly 1T 08 AaTyeop LELY v T4
Tewzoubor| 0960°0 [LLTT 0| 26ST°0 LE"O 02°1 €L 23384keg 969V |4 Ve
TewzouborT| OTT1°0 |1621°0| 09G51°0 01°0 L0 T 9L AsTyeay ZLSY b €2
TewxouboT] €H0T°0 [909T 0| 88E1°0 1€°0 G0 1 16 UOS I3pUsH S16€E b 144
TemzouboT| ZLF0°0 |¥860°0[ OGHI‘O ¥S°0 80°¢ Z8 uosptaeq 4134 ) 134
TewzouboT| 8G8T°0 |L29Z2°0[ €961°0 9€£°0 G8°0 8¥ A1suobruon L98Y € 0¢
Temzouborr| GL9T°0 [00TZ°0Of LZLT'O 6b°0 LL'T z9 “1933e Aerd 0v0S 4 61
Tewzoubor| ,1zZ1°0 |€0FPT 0 09€T'0 PE'0 9°1 001 ‘uzow Aetrd 0% 0s 4 81
TemzouboT| SG0T7°0 [T€8T°0f z6S1°0 66°0 XA €L 91TYM 0Tv¥ 4 LT
TewxouboT| 0.90°0 |[TL60°0| vEVT O Z1°0 65°0 86 UUTHOR yBEV 4 91
Tewxoubor| 9£90°0 |509T 0| 88€1°0 211 01°¢ 26 eayy 9Z6€ Z GT
TemzouboT| 7880°0 |[T0€T 0| 18€T°0 99°0 69°2 v6 uosispuy Z-v12S T v
Temzoubot| ZZ,L0°0 {8980°0| 8TPI'0 210 6570 v6 'I97Je uosIapuy 1-%126 1 £1
TemzouboT| 9990°0 {T180°0) 09€T1'0 p1°0 19°0 001 *uIoul UOSIBPUY 1-v125 1 ZT
TewzouboT| €.€1°0 |€0PT 0] v00Z°0 62°1 S9°¢ L8 xouy T1ETS 1 11

TewIoN ZIET"0 |0€ZT°0| 08120 Z29°0 £1°¢ 6€ auiroqrerd £€-8v6F 1 01
TemzouboT| €660°0 |[I8FT°0f OvIz'O vS°T vLE 6¢€ suroqTerd Z-8b60 1 6
Temxouborr| 8T1L0°0 {6£80°0{ 0F6T°0 07" 0 96°¢C 8t duIoqreTd 1-8b6V 1 8
TewzouboT| 6690°0 |99TT'0| 0EST 0 L8°0 GE°€ 8L usTquey GEBF T L
Tewroubor| T€E€1°'0 |80GT 0| PEVI'O L0 8V ¢ L8 suxoqteTd Z-S19% 1 9
TemzouboT| L180°0 |¥860°0| SLVTI"O Zz 0 01°¢ Z8 auioqreTd T-GT9¥ 1 S
TewzouboT| 9560°0 |L8S0°0| 09€ET"0 0v°0 GE"T 00T xouy £2T¥ 1 |4
TemzouboT| H$60°0 |TI9PT 0| €OVTI‘O 0Z2°0 VL0 98 yDoduey LTTV 1 £
TemzouboT| 96.L0°0 [5080°0f €091°0 ¥Z'0 821 ZL asbutean Z-b9SE 1 4
TemzouboT| 1980°0 [0€£Z1°0| 00TZ'0 66T LE'OT 112 1abuteay T1-9S€E 1 1
3Td 3Iseqg |rvewmxoubor|Tewxon| (%56) al aeq pas OWTy, ‘©AY|s9T0L) Jo # KX3uno) # 3oeajzuo) |uorboy| #

* (d9beuteaqg pue peoy)burpeoT I0F s3Tnsed $-M ‘'z OSTqRL

51



o1
o1

o1

o1

o1

sntd
snt{d

sn1d

sn1d

snid

TewIoN SE9T°0 ZZET°0| LB9T O 0T"0 SP'0 €8 utoqo 6LLY (7 ST
Teuzoubor 8680°0 SE60°0 | OGPT O £€2°0 L9°0 6 Aa1eom LELY 17 A8
Teuxoubog 9€Z21°0 1862°0 | 00LT" O ARt 4 09 ueuepICy 969V (4 €1
Teuzoubo 0FST°0 962270 L8910 8v°0 8F°0 oL uToqo Z-8L9Y (% 1
Teuzoubo 60ST°0 SPZZ°0( €6FT°0 0S50 oL°0 €8 uroqo 1-8L9% |% T
Tewzcubor 0060°0 0TE€EL 0| TOBT"O 90°0 LS°0 €6 Aqrays £€~L99¥ b 01
Tewxoubor T080°0 8G680°0 | 0¢61°0 IT°1 96°¢ 184 Aqraus Z-L99% 17 6
Teuxoubog 66L0°0 6180°0| 18ST°0 60°0 9¢€°0 56 Aqrays T-L99%V 17 8
Teuxoubog 088070 8ILT 0| #LO9T°0 €L°0 IL°0 0S CRBECYS K| XAA b L
TewrouboT | 6%90°0 |T60T°0| L9¥PT"0 v 0 85°0 18 AITENOR 2-£98¢ 4 9
Teuxoubo TLPT O 88GT°0 | €TILT 0 Lv:0 L°0 SS AITeNOn T-£98¢ 172 S
Teuwxoubog 682170 PEZZ 0] €TLT"O €9°0 86°0 65 TT0xIRD 206¢ 7 17
Tewzoubot F8L0°0 6660°0 | 20CT°0 LZ'0 99°0 €€T uos3I3qoy €CLY € €
Tewroubo £660°0 GGZT°0| 086T°0 SE°0 66°0 8V UuospTARQ LTOP € Z
Tewxoubot €LZT O €LTZ°0| OFPTI2°0 96°0 16°0 LE UOTIeN 998¢ Z T
3174 Ised | Temaoubor [ TewaoN | (356) al "aea ‘pas |ewry -eav|seroks zo # Kqunop # 3oexjuod |4 uotbey | §

* (moxxog)uorjiTsodsy x03 s3Tnssy S-M €9 OTqelL

52



O1T snid

o1 snig

O7T sufd

TewzouboT | 8990°0 [zZ00T°0| OGkT 0O vE"0 G9° T €8 uToqo 6LLY b ST
TewrouboT | 89€0°0 |T090°0( €OPT 0O 0€°0 961 16 AsTxeapm LELY 4 v
TewIouboT | 8060°0 {STZT°0) L8OST'O TL°0 60°2 09 uewspIey 969¥ 4 €1
Tewzoubor | 9160°0 |8IcT°0| 00LT 0O 2z'0 €0°1 oL uToqo Z-8L9V 4 Z1
TewzouboI| 1680°0 [EPIT 0| €6¥T1°0 0€°0 ov'1 €8 utToqo T-8L9% v Tt
Tewxoubor| $690°0 [9680°0| LzZLT' 0 €2°0 9¢Z°1 €5 Aqreus £€-L99V 4 0T
TewrouboT | G8ET'0 (219T°0) 0Z61°0 SZ°0 0L°0 1 Aqreuys Z-199% 4 6
TewzouboT| HLv0°0 |pvs0°0| 09€T 0 81°0 0V T S6 Aqreys T-L99F% 4 8
tewzoubor | €260°0 |sti1°0)| €10 L1°0 66°0 0S @139/heq veew 4 L
TewaouboT | £280°0 |¥L60°0) L9pT 0 910 99°1 18 AxTenonw Z-£98¢ 14 9
TewrouboT | Z6€T°0 [89s1°0| TLLT 0 I1°0 2z 1 e AITeNORn 1-£98¢ 4 G
TewIoubor| 6190°0 |{GSL0°0| £89T1°0 620 G8°1 66 TT0IIRD Z0GE v 4
Tewxoubor | 0560°0 |[2sz1°0| SpitT-O LS°0 €6°2 €€ uos3I9qoy £TLY € €
temxoubor | T1150°0 [25L0°0| 026T°0 GZ°0 L0 2 8v uospraeq LTOV € Z
fewzouboT | Z.90°0 [€LTIT°0) 08610 Ly°0 G8°1 LE UOTIRRN 998¢€ Z T
3Td 3sed | Temxoubors | TewzoN | (8G6) Al ‘aea -pas euWT], "oAVY |seTokD jo §# K3unop # 3IoeajUOD |# uotboy | #

* (Moxxog) butpeoT I03 s3Tnssy §-M

‘veE SIqeld

33



Table BS.

Job Size Breakdown for Road and Drainage Excavation.

ROAD & DRAINAGE EXCAVATION

Contract Region County TDOT Engineer Quantity (cy)
SMALL
4123 I Knox Harry Carr 370,417.00
5131 I Knox Harry Carr 183,634.00
5214 I Anderson Bobby Parks 308,340.73
4867 IIT Montgomery Patrick Murry 441,381.00
4952 I1I Davidson Jerry Hatcher 238,210.00
4572 v Weakley Richard Adkisson 294,801.00
4737 v Weakley James Moore 111,494.00
4886 Iv Weakley Richard Adkisson 248,325.00
MEDIUM
4835 I Hamblem Lawrence Dodson 978,026.25
3926 Iz Rhea Melvin Webb 861,855.00
5040 TI Clay Frank Campbell 720,555.00
3915 v Henderson Chuck Rychen 528,457.00
4696 Iv Fayette Scott Taylor 577,615.00
LARGE
3564 I Grainger Lawrence Dodson 1,867,469.00
4117 I Hancock Chad McCurray 1,691,312.00
4615 I Claiborne Bobby Parks 1,398,406.00
4948 I Claiborne Bobby Parks 3,240,756.00
4384 II McMinn Bill Webkb Jr. 1,104,507.00
4410 IT White J. C. Weaver 1,242,040.00
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Table B6.

Job Size Breakdown for Borrow Excavation

BORROW EXCAVATION

Contract Region County TDOT Engineer Quantity (cy)
SMALL
3866 I1 Marion Russell Layne 24,500.00
4723 III Robertson Ronnie Wooten 4,381.00
4696 Iv Fayette Scott Taylor 80,000.00
4737 IV Weakley Jim Moore 11,822.00
4779 Iv Obion John Steele 88,805.00
LARGE
4017 IIT Davidson Ken Colbert 130, 986.00
3502 v Carroll Chuck Rychen 366,014.00
3863 Iv McNairy  Mark Harwell 260,000.00
4224 Iv Fayette Scott Taylor 308,882.00
4667 Iv Shelby Les Hayes 117,938.00
4678 IV Obion John Steele 341,399.00
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Appendix C

Sample K-S Tests for
Road & Drainage Excavation
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County
Contract
mean =

order

OO ~NOO DA WN-

Rhea

3926

10.46

Time

4.13
4.42
4.62
4.93
6.50
6.67
7.13
7.82
7.97
8.87
8.92
9.02
9.15
9.28
9.33
9.35
945
9.48
9.57
9.62
9.65
9.68
9.75
9.75
9.78
9.82
0.87
9.98
10.00
10.02
10.07
10.15
10.18
10.18
10.22
10.23
10.27
10.27
10.28
10.33
10.40
10.47
10.55
10.65

nondelay lognormal

cum. freq. cum. prob.

0.01235
0.02469
0.03704
0.04938
0.06173
0.07407
0.08642
0.09877
0.11111
0.12346
0.13580
0.14815
0.16049
0.17284
0.18519
0.19753
0.20988
0.22222
0.23457
0.24691
0.25926
0.27160
0.28395
0.29630
0.30864
0.32099
0.33333
0.34568
0.35802
0.37037
0.38272
0.39506
0.40741
0.41975
0.43210
0.44444
0.45679
0.46914
0.48148
0.49383
0.50617
0.51852
0.53086
0.54321

0.00000
0.00002
0.00005
0.00018
0.01316
0.01796
0.03856
0.09323
0.10966
0.24012
0.24874
0.26631
0.29035
0.31499
0.32436
0.32750
0.34646
0.35282
0.36881
0.37845
0.38489
0.39134
0.40426
0.40426
0.41072
0.41719
0.42689
0.44951
0.45273
0.45595
0.46560
0.48162
0.48800
0.48800
0.49436
0.49754
0.50387
0.50387
0.50703
0.51647
0.52897
0.54136
0.55669
0.57481

57

End To Arrival

stand. dev= 2.17

0.01234
0.02467
0.03699
0.04920
0.04857
0.05612
0.04786
0.00554
0.00146
0.11666
0.11294
0.11816
0.12985
0.14215
0.13918
0.12997
0.13658
0.13060
0.13424
0.13153
0.12563
0.11973
0.12031
0.10796
0.10208
0.09620
0.09356
0.10383
0.09471
0.08558
0.08289
0.08656
0.08059
0.06825
0.06226
0.05309
0.04708
0.03473
0.02555
0.02264
0.02280
0.02285
0.02583
0.03160

Road & Drainage

# samples 81

Normal

0.00174
0.00262
0.00348
0.00534
0.03365
0.03983
0.06211
0.11088
0.12454
0.23051
0.23759
0.25209
0.27214
0.29294
0.30083
0.30361
0.31993
0.32546
0.33943
0.34792
0.35362
0.35936
0.37093
0.37093
0.37676
0.38261
0.39145
0.41228
0.41528
0.41828
0.42731
0.44245
0.44853
0.44853
0.45463
0.45768
0.46379
0.46379
0.46684
0.47603
0.48829
0.50057
0.51591
0.53429

deviation cum. prob. deviation

0.01061
0.02207
0.03356
0.04404
0.02808
0.03425
0.02431
0.01212
0.01342
0.10706
0.10179
0.10395
0.11164
0.12010
0.11574
0.10608
0.11006
0.10323
0.10486
0.10100
0.09436
0.08775
0.08698
0.07463
0.06811
0.06163
0.05812
0.06660
0.05725
0.04791
0.04460
0.04739
0.04113
0.02878
0.02253
0.01323
0.00700
0.00535
0.01464
0.01780
0.01788
0.01795
0.01495
0.00892

11/24/98

zi= lambda=
0.20487 2.32692




45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

10.65
10.70
10.78
10.80
10.87
10.87
10.92
11.05
11.10
11.13
11.18
11.20
11.27
11.35
11.43
11.48
11.85
11.57
11.70
11.77
11.83
11.97
12.03
12.32
12.35
12.68
13.00
13.32
13.40
13.68
13.80
13.88
13.80
14.10
14.13
14.15
14.87

0.55556
0.56790
0.58025
0.59259
0.60494
0.61728
0.62963
0.64198
0.65432
0.66667
0.67901
0.69136
0.70370
0.71605
0.72840
0.74074
0.75309
0.76543
0.77778
0.79012
0.80247
0.81481
0.82716
0.83951
0.85185
0.86420
0.87654
0.88889
0.90123
0.91358
0.92593
0.93827
0.95062
0.96296
0.97531
0.98765
1.00000

0.57481
0.58375
0.59846
0.60137
0.61292
0.61292
0.62147
0.64379
0.65197
0.65736
0.66537
0.66801
0.67846
0.69124
0.70370
0.71102
0.72060
0.72296
0.74138
0.75027
0.75895
0.77566
0.78370
0.81550
0.81899
0.85118
0.87736
0.89962
0.90487
0.92102
0.92694
0.93094
0.93171
0.94043
0.94178
0.94245
0.96538

maximum deviation
D(95%) for N =81

0.01925
0.01585
0.01821
0.00878
0.00798
0.00436
0.00816
0.00181
0.00235
0.00930
0.01365
0.02335
0.02525
0.02481
0.02470
0.02972
0.03249
0.04247
0.03640
0.03985
0.04352
0.03916
0.04347
0.02401
0.03286
0.01301
0.00082
0.01073
0.00364
0.00744
0.00102
0.00734
0.01891
0.02253
0.03353
0.04521
0.03462

0.14215
0.15111
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0.53429
0.54345
0.55867
0.56171
0.57381
0.57381
0.58283
0.60669
0.61554
0.62140
0.63015
0.63305
0.64458
0.65880
0.67280
0.68108
0.69199
0.69469
0.71591
0.72625
0.73640
0.75611
0.76566
0.80384
0.80807
0.84724
0.87917
0.90608
0.91237
0.93140
0.93824
0.94279
0.94366
0.956339
0.95487
0.95559
0.97895

0.02127
0.02445
0.02158
0.03089
0.03113
0.04348
0.04679
0.03529
0.03878
0.04526
0.04886
0.05831
0.05913
0.05725
0.05560
0.05966
0.06109
0.07074
0.06186
0.06387
0.06607
0.05870
0.06150
0.03567
0.04378
0.01696
0.00263
0.01720
0.01113
0.01782
0.01231
0.00451
0.00695
0.00958
0.02044
0.03206
0.02105

0.12010



County Rhea

Contact 3926
mean= 2.10
order Time
1 0.58
2 0.67
3 0.67
4 0.68
5 0.73
6 0.78
7 0.82
8 0.90
9 0.95
10 0.97
11 0.98
12 1.00
13 1.02
14 1.03
15 1.03
16 1.05
17 1.08
18 1.13
19 1.15
20 1.17
21 1.18
22 1.30
23 1.35
24 1.37
25 1.37
26 1.38
27 1.38
28 1.42
29 1.43
30 1.45
31 1.47
32 1.50
33 1.50
34 1.62
35 1.53
36 1.53
37 1.55
38 1.57
39 1.57
40 1.57
41 1.60
42 1.67
43 1.67
44 1.75
45 1.77
46 1.82
47 1.82

nondelay
cum. freq.

0.01042
0.02083
0.03125
0.04167
0.05208
0.06250
0.07292
0.08333
0.09375
0.10417
0.11458
0.12500
0.13542
0.14583
0.15625
0.16667
0.17708
0.18750
0.19792
0.20833
0.21875
0.22017
0.23958
0.25000
0.26042
0.27083
0.28125
0.29167
0.30208
0.31250
0.32292
0.33333
0.34375
0.35417
0.36458
0.37500
0.38542
0.39583
0.40625
0.41667
0.42708
0.43750
0.44792
0.45833
0.46875
0.47917
0.48958

LOAD
stand. dev=

lognormal
cum. prob.

0.01003
0.01983
0.01983
0.02233
0.03102
0.04149
0.04947
0.07284
0.08908
0.09484
0.10076
0.10685
0.11308
0.11947
0.11947
0.12599
0.13945
0.16054
0.16779
0.17514
0.18258
0.23674
0.26073
0.26880
0.26880
0.27688
0.27688
0.29311
0.30123
0.30936
0.31750
0.33374
0.33374
0.34185
0.34994
0.34994
0.35801
0.36606
0.36606
0.36606
0.38207
0.41367
0.41367
0.45217
0.45971
0.48200
0.48200

1.12

Road & Drainage

# samples 96

Normal

deviation cum. prob. deviation

0.00039
0.00101
0.01142
0.01933
0.02106
0.02101
0.02344
0.01049
0.00467
0.00933
0.01382
0.01815
0.02233
0.02637
0.03678
0.04067
0.03764
0.02696
0.03013
0.03320
0.03617
0.00757
0.02115
0.01880
0.00838
0.00605
0.00437
0.00144
0.00085
0.00314
0.00542
0.00041
0.01001
0.01232
0.01464
0.02506
0.02741
0.02978
0.040189
0.05061
0.04502
0.02383
0.03425
0.00616
0.00904
0.00283
0.00758
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0.08667
0.09906
0.09906
0.10168
0.10987
0.11852
0.12454
0.14053
0.15077
0.15428
0.15786
0.16148
0.16517
0.16890
0.16890
0.17269
0.18043
0.19244
0.19655
0.20071
0.20492
0.23587
0.24988
0.25464
0.25464
0.25946
0.25946
0.26922
0.27417
0.27917
0.28421
0.29442
0.29442
0.29958
0.30479
0.30479
0.31004
0.31532
0.31532
0.315632
0.32601
0.34781
0.34781
0.37577
0.38145
0.39863
0.39863

0.07625
0.07822
0.06781
0.06002
0.05779
0.05602
0.05162
0.05720
0.05702
0.05012
0.04327
0.03648
0.02975
0.02307
0.01265
0.00602
0.00335
0.00494
0.00137
0.00762
0.01383
0.00670
0.01029
0.00464
0.00577
0.01138
0.02179
0.02244
0.02791
0.03333
0.03871
0.03892
0.04933
0.05458
0.056979
0.07021
0.07538
0.08051
0.09093
0.10134
0.10107
0.08969
0.10011
0.08256
0.08730
0.08053
0.09095

11/24/98

zi= lambda=
0.49819 0.61949




48
48
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

1.85
1.85
1.88
1.92
1.92
1.93
1.97
1.98
1.98
2.02
2.02
2.03
2.03
2.03
2.10
2.15
2.23
2.23
2.32
2.40
245
2.50
2.55
263
263
2.68
2.68
2.70
273
2.92
2.98
3.07
3.08
3.28
3.33
3.33
3.42
3.48
3.58
3.70
4.05
4.07
4.08
4.43
4.80
4.88
4.98
5.28
5.33

0.50000
0.51042
0.52083
0.53125
0.54167
0.55208
0.56250
0.57282
0.58333
0.59375
0.60417
0.61458
0.62500
0.63542
0.64583
0.65625
0.66667
0.67708
0.68750
0.69792
0.70833
0.71875
0.72917
0.73958
0.75000
0.76042
0.77083
0.78125
0.79167
0.80208
0.81250
0.82292
0.83333
0.84375
0.85417
0.86458
0.87500
0.88542
0.89583
0.90625
0.91667
0.92708
0.93750
0.94792
0.95833
0.96875
0.97917
0.98958
1.00000

0.49655
0.49655
0.51085
0.52489
0.52489
0.53180
0.54543
0.55213
0.55213
0.56533
0.56533
0.57183
0.57183
0.57183
0.59707
0.61524
0.64406
0.64406
0.67107
0.69631
0.71062
0.72433
0.73745
0.75805
0.75805
0.76968
0.76968
0.77344
0.78079
0.81731
0.82908
0.84275
0.84535
0.87345
0.87964
0.87964
0.88929
0.89645
0.90631
0.91662
0.94110
0.94206
0.94301
0.95956
0.97162
0.97379
0.97617
0.98203
0.98285

maximum deviation
D(95%) for N =96

0.00345
0.01386
0.00998
0.00636
0.01678
0.02028
0.01707
0.02078
0.03120
0.02842
0.03883
0.04276
0.05317
0.06359
0.04876
0.04101
0.02260
0.03302
0.01643
0.00161
0.00229
0.00558
0.00828
0.01847
0.00805
0.00927
0.00115
0.00781
0.01088
0.01523
0.01658
0.01984
0.01202
0.02970
0.02548
0.01506
0.01429
0.01103
0.01048
0.01037
0.02444
0.01498
0.00551
0.01165
0.01329
0.00504
0.00300
0.00755
0.01715

0.06359
0.13880
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0.41020
0.41020
0.42184
0.43356
0.43356
0.43944
0.45124
0.45715
0.45715
0.46901
0.46901
0.47495
0.47495
0.47495
0.49876
0.51662
0.54630
0.54630
0.57572
0.60473
0.62186
0.63877
0.65540
0.68246
0.68246
0.69825
0.69825
0.70344
0.71368
0.76681
0.78468
0.80586
0.80993
0.85470
0.86468
0.86468
0.88025
0.89176
0.20750
0.92364
0.95938
0.96066
0.96191
0.98155
0.99214
0.99361
0.99505
0.99780
0.99809

0.08980
0.10022
0.09899
0.09769
0.10811
0.11264
0.11126
0.11576
0.12618
0.12474
0.13515
0.13963
0.15005
0.16046
0.14707
0.13963
0.12037
0.13078
0.11178
0.09319
0.08647
0.07998
0.07376
0.05712
0.06754
0.06217
0.07258
0.07781
0.07799
0.03528
0.02782
0.01706
0.02340
0.01095
0.01051
0.00009
0.00525
0.00634
0.01166
0.01739
0.04271
0.03358
0.02441
0.03363
0.03380
0.02486
0.01589
0.00822
0.00191

0.16046



County

Contract
mean =

order
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Rhea

3926

0.42

Time

0.04
0.05
0.05
0.07
0.08
0.08
0.08
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.12
0.12
0.12
0.13
0.13
0.13
0.13
0.13
0.13
0.15
0.15
0.17
0.17
0.17
0.20
0.20
0.22
0.23
0.23
0.25
0.25
0.27
0.27
0.27
0.27
0.28
0.28
0.30
0.30

Reposition

stand. dev= 0.46

nondelay lognormal
cum. freq. cum. prob. deviation cum. prob. deviation

0.01124
0.02247
0.03371
0.04494
0.05618
0.06742
0.07865
0.08989
0.10112
0.11236
0.12360
0.13483
0.14607
0.16730
0.16854
0.17978
0.19101
0.20225
0.21348
0.22472
0.23596
0.24719
0.25843
0.26966
0.28090
0.29213
0.30337
0.31461
0.32584
0.33708
0.34831
0.35955
0.37079
0.38202
0.39326
0.40449
0.41573
0.42697
0.43820
0.44944
0.46067
0.47191
0.48315
0.49438

0.01577 0.00453
0.02857 0.00610
0.02857 0.00514
0.05676 0.01181
0.09100 0.03482
0.09100 0.02359
0.09100 0.01235
0.12882 0.03893
0.12882 0.02769
0.12882 0.01646
0.12882 0.00522
0.12882 0.00601
0.12882 0.01725
0.12882 0.02849
0.12882 0.03972
0.16835 0.01142
0.16835 0.02266
0.16835 0.03389
0.20831 0.00517
0.20831 0.01641
0.20831 0.02765
0.20831 0.03888
0.20831 0.05012
0.20831 0.06135
0.24781 0.03309
0.24781 0.04433
0.28627 0.01710
0.28627 0.02834
0.28627 0.03958
0.35878 0.02170
0.35878 0.01047
0.39252 0.03297
0.42449 0.05371
0.42449 0.04247
0.45472 0.06146
0.45472 0.05023
0.48324 0.06751
0.48324 0.05628
0.48324 0.04504
0.48324 0.03380
0.51011 0.04944
0.51011 0.03820
0.53541 0.05226
0.53541 0.04103

61

Road & Drainage

# samples 89

Normal

0.20922
0.21548
0.21548
0.22615
0.23710
0.23710
0.23710
0.24834
0.24834
0.24834
0.24834
0.24834
0.24834
0.24834
0.24834
0.25986
0.25986
0.25986
0.27165
0.27165
0.27165
0.27165
0.27165
0.27165
0.28370
0.28370
0.29600
0.29600
0.29600
0.32131
0.32131
0.33429
0.34747
0.34747
0.36084
0.36084
0.37438
0.37438
0.37438
0.37438
0.38808
0.38808
0.40192
0.40192

0.19799
0.18301
0.18177
0.18120
0.18092
0.16969
0.16845
0.15846
0.14722
0.13598
0.12475
0.11351
0.10228
0.09104
0.07980
0.08009
0.06885
0.05762
0.05817
0.04693
0.03570
0.02446
0.01322
0.00199
0.00280
0.00843
0.00737
0.01861
0.02984
0.01577
0.02701
0.02526
0.02332
0.03455
0.03242
0.04365
0.04135
0.05258
0.06382
0.07506
0.07259
0.08383
0.08123
0.09246

11/24/98

Zi= lambda=
0.89986 -1.28394



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

85
86
87
88
89

0.30
0.30
0.30
0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.35
0.35
0.35
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.38
0.40
0.40
0.40
0.40
0.42
0.43
0.45
0.47
0.53
0.63
0.65
0.67
0.72
0.98
1.00
1.07
1.10
1.10
1.27
1.48
1.77
1.92
1.93
267

0.50562
0.51685
0.52809
0.63933
0.55056
0.56180
0.57303
0.58427
0.59551
0.60674
0.61798
0.62921
0.64045
0.65169
0.66292
0.67416
0.68539
0.69663
0.70787
0.71910
0.73034
0.74157
0.75281
0.76404
0.77528
0.78652
0.79775
0.80899
0.82022
0.83146
0.84270
0.85393
0.86517
0.87640
0.88764
0.89888
0.91011
0.92135
0.93258
0.94382
0.95506
0.96629
0.97753
0.98876
1.00000

0.53541
0.53541
0.53541
0.55921
0.55921
0.55921
0.55921
0.55921
0.55921
0.55921
0.60264
0.60264
0.60264
0.62243
0.62243
0.62243
0.62243
0.62243
0.62243
0.62243
0.64105
0.65857
0.65857
0.65857
0.65857
0.67506
0.69059
0.70521
0.71900
0.76677
0.82101
0.82846
0.83553
0.85465
0.92046
0.92319
0.93300
0.93733
0.93733
0.95444
0.96891
0.98027
0.98422
0.98459
0.99408

maximum deviation
D(95%) for N =89
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0.02979
0.01855
0.00732
0.01988
0.00864
0.00259
0.01383
0.02506
0.03630
0.04754
0.01534
0.02658
0.03781
0.02925
0.04049
0.05173
0.06296
0.07420
0.08543
0.09667
0.08929
0.08300
0.09424
0.10547
0.11671
0.11146
0.10716
0.10377
0.10122
0.06469
0.02168
0.02547
0.02964
0.02175
0.03282
0.02431
0.02289
0.01598
0.00475
0.01062
0.01385
0.01397
0.00669
0.00417
0.00592

0.11671
0.14416

0.40192
0.40192
0.40192
0.41588
0.41588
0.41588
0.41588
0.41588
0.41588
0.41588
0.44411
0.44411
0.44411
0.45835
0.45835
0.45835
0.45835
0.45835
0.45835
0.45835
0.47263
0.48695
0.48695
0.48695
0.48695
0.50129
0.51562
0.52994
0.54422
0.60058
0.68100
0.69373
0.70623
0.74223
0.88978
0.89640
0.92000
0.93016
0.93016
0.96685
0.98938
0.99822
0.99940
0.99947
1.00000

0.10370
0.11493
0.12617
0.12344
0.13468
0.14591
0.15715
0.16839
0.17962
0.19086
0.17386
0.18510
0.19634
0.19334
0.20458
0.21581
0.22705
0.23828
0.24952
0.26076
0.25771
0.25462
0.26586
0.27709
0.28833
0.28523
0.28213
0.27905
0.27601
0.23088
0.16169
0.16020
0.15894
0.13418
0.00214
0.00248
0.00989
0.00881
0.00243
0.02303
0.03432
0.03183
0.02187
0.01071
0.00000

0.28833



County
Contract
mean =

order

OCoO~NOND WN

Knox

4123

43.31

Time

34.62
35.13
35.18
36.15
36.45
36.93
36.95
37.63
37.83
38.22
38.56
38.68
38.80
38.88
38.95
39.07
39.08
39.25
39.30
39.42
39.42
39.55
39.58
39.92
40.07
40.22
40.30
40.45
40.53
40.58
40.65
40.70
40.78
40.82
40.92
41.03
4112
41.20
41.22
41.42
41.43
41.57
41.70
41.83
42.12
42.27

nondelay lognormal
cum. freq. cum. prob.

0.01064
0.02128
0.03191
0.04255
0.05319
0.06383
0.07447
0.08511
0.09574
0.10638
0.11702
0.12766
0.13830
0.14894
0.16957
0.17021
0.18085
0.19149
0.20213
0.21277
0.22340
0.23404
0.24468
0.25532
0.26596
0.27660
0.28723
0.29787
0.30851
0.31915
0.32979
0.34043
0.35106
0.36170
0.37234
0.38298
0.39362
0.40426
0.41489
0.42553
0.43617
0.44681
0.45745
0.46809
0.47872
0.48936

0.03332
0.04373
0.04485
0.07106
0.08104
0.09908
0.09974
0.12962
0.13931
0.15908
0.17751
0.18520
0.19208
0.19707
0.20111
0.20828
0.20932
0.21981
0.22300
0.23055
0.23055
0.23931
0.24153
0.26417
0.27463
0.28526
0.29123
0.30209
0.30818
0.31185
0.31677
0.32048
0.32669
0.32918
0.33670
0.34552
0.35188
0.35823
0.35951
0.37491
0.37620
0.38655
0.39694
0.40737
0.42965
0.44147

End to Arrival

stand. dev= 5.14

Road & Drainage

# samples 94

Normal

deviation cum. prob. deviation

0.02268
0.02245
0.01254
0.02850
0.02785
0.03525
0.02527
0.04451
0.04357
0.05270
0.06049
0.05754
0.05378
0.04813
0.04153
0.03807
0.02847
0.02832
0.02088
0.01778
0.00714
0.00527
0.00315
0.00885
0.00868
0.00866
0.00399
0.00421
0.00033
0.00730
0.01301
0.01994
0.02437
0.03252
0.03564
0.03746
0.04176
0.04603
0.05539
0.05062
0.05997
0.06026
0.06051
0.06071
0.04908
0.04789

63

0.04549
0.05594
0.05704
0.08193
0.09112
0.10750
0.10810
0.13483
0.14344
0.16098
0.17731
0.18413
0.19023
0.19466
0.19824
0.20462
0.20554
0.21488
0.21773
0.22447
0.22447
0.23230
0.23429
0.25462
0.26407
0.27369
0.27911
0.28899
0.29455
0.29781
0.30242
0.30582
0.31152
0.31382
0.32074
0.32890
0.33478
0.34070
0.34189
0.35628
0.35748
0.36720
0.37701
0.38689
0.40813
0.41949

0.03485
0.03466
0.02513
0.03938
0.03793
0.04367
0.03364
0.04972
0.04770
0.05459
0.06029
0.05647
0.05193
0.04572
0.03867
0.03441
0.02469
0.02339
0.01560
0.01170
0.00106
0.00174
0.01039
0.00069
0.00189
0.00291
0.00813
0.00888
0.01396
0.02124
0.02737
0.03461
0.03954
0.04789
0.05160
0.05408
0.05884
0.06355
0.07300
0.06926
0.07869
0.07961
0.08044
0.08120
0.07060
0.06987

11/24/98

zZi= lambda=
0.11836 3.76143




42.30
42.42
42.52
42.52
42.68
42.70
42.73
43.07
43.17
4317
43.22
43.25
43.28
43.53
43.75
43.83
43.92
44.17
44 .50
4455
45.28
45.37
4545
45.50
4563
46.28
46.50
46.80
46.88
47.25
47.40
47.45
47.50
47.57
48.00
49.20
49.35
50.23
50.50
50.97
51.00
51.93
52.75
53.60
54.70
54.80
59.23
62.47

0.50000
0.51064
0.52128
0.53191
0.54255
0.55319
0.56383
0.57447
0.58511
0.58574
0.60638
0.61702
0.62766
0.63830
0.64894
0.65957
0.67021
0.68085
0.69149
0.70213
0.71277
0.72340
0.73404
0.74468
0.75532
0.76596
0.77660
0.78723
0.79787
0.80851
0.81915
0.82979
0.84043
0.85106
0.86170
0.87234
0.88298
0.89362
0.90426
0.91489
0.92553
0.93617
0.94681
0.95745
0.96809
0.97872
0.98936
1.00000

0.44410
0.45331
0.46120
0.46120
0.47434
0.47565
0.47828
0.50446
0.51227
0.51227
0.51617
0.51877
0.52136
0.54071
0.55732
0.56366
0.56997
0.58872
0.61324
0.61687
0.66830
0.67391
0.67948
0.68280
0.69156
0.73229
0.74512
0.76225
0.76687
0.78652
0.79423
0.79676
0.79926
0.80257
0.82315
0.87204
0.87734
0.90519
0.91252
0.92423
0.92502
0.94441
0.95771
0.96854
0.97889
0.97966
0.99658
0.99919

maximum deviation
D(95%) for N =194

0.05590
0.05733
0.06008
0.07072
0.06821
0.07754
0.08555
0.07001
0.07283
0.08347
0.09021
0.09825
0.10630
0.09758
0.09162
0.09591
0.10024
0.09213
0.07824
0.08526
0.04447
0.04949
0.05456
0.06188
0.06376
0.03367
0.03147
0.02499
0.03100
0.02199
0.02492
0.03303
0.04116
0.04849
0.03855
0.00030
0.00564
0.01157
0.00826
0.00934
0.00051
0.00824
0.01090
0.01108
0.01081
0.00094
0.00721
0.00081

0.10630
0.14027
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0.42202
0.43091
0.43856
0.43856
0.45137
0.45265
0.45522
0.48098
0.48873
0.48873
0.49260
0.49519
0.49777
0.51715
0.53392
0.54035
0.54678
0.56597
0.59131
0.59508
0.64921
0.65519
0.66114
0.66469
0.67408
0.71822
0.73227
0.75111
0.75622
0.77800
0.78658
0.78940
0.79220
0.79589
0.81892
0.87380
0.87974
0.91075
0.91883
0.93161
0.93247
0.95311
0.96672
0.97724
0.98657
0.98723
0.99902
0.99990

0.07798
0.07972
0.08271
0.09335
0.09119
0.10054
0.10861
0.09349
0.09638
0.10702
0.11378
0.12183
0.12989
0.12114
0.11502
0.11922
0.12343
0.11488
0.10018
0.10705
0.06356
0.06821
0.07290
0.07999
0.08124
0.04774
0.04433
0.03612
0.04165
0.03051
0.03256
0.04039
0.04823
0.05518
0.04278
0.00145
0.00324
0.01713
0.01457
0.01672
0.00693
0.01694
0.01991
0.01979
0.01849
0.00850
0.00965
0.00010

0.12989



County  Knox

Contract 4123
mean= 235
order Time
1 0.95
2 1.33
3 1.62
4 1.68
5 1.77
6 1.82
7 1.83
8 1.83
9 1.83
10 1.87
11 1.92
12 1.95
13 1.95
14 1.97
15 1.97
16 1.97
17 1.97
18 2.00
19 2.00
20 2.00
21 2.02
22 2.03
23 2.03
24 2.03
25 2.05
26 2.08
27 2.10
28 2.10
29 212
30 2.13
31 2.15
32 2.17
33 220
34 220
35 2.22
36 222
37 2.23
38 2.23
39 2.23
40 2.23
41 2.25
42 227
43 2.28
44 2.28
45 2.30
46 2.32
47 2.32
48 2.32

LOAD

stand. dev=

nondelay lognormal
cum. freq. cum. prob.

0.01000
0.02000
0.03000
0.04000
0.05000
0.06000
0.07000
0.08000
0.09000
0.10000
0.11000
0.12000
0.13000
0.14000
0.15000
0.16000
0.17000
0.18000
0.19000
0.20000
0.21000
0.22000
0.23000
0.24000
0.25000
0.26000
0.27000
0.28000
0.28000
0.30000
0.31000
0.32000
0.33000
0.34000
0.35000
0.36000
0.37000
0.38000
0.39000
0.40000
0.41000
0.42000
0.43000
0.44000
0.45000
0.46000
0.47000
0.48000

0.00000
0.00064
0.01816
0.03166
0.05771
0.07912
0.08730
0.08730
0.08730
0.10526
0.13621
0.15948
0.15948
0.17186
0.17186
0.17186
0.17186
0.19808
0.19808
0.19808
0.21187
0.22609
0.22609
0.22609
0.24071
0.27104
0.28670
0.28670
0.30265
0.31885
0.33528
0.35190
0.38557
0.38557
0.40256
0.40256
0.41961
0.41961
0.41961
0.41961
0.43668
0.45374
0.47076
0.47076
0.48771
0.50456
0.50456
0.50456

0.40

Road & Drainage

# samples 100

Normal

deviation cum. prob. deviation

0.01000
0.01936
0.01184
0.00834
0.00771
0.01912
0.01730
0.00730
0.00270
0.00526
0.02621
0.03948
0.02948
0.03186
0.02186
0.01186
0.00186
0.01808
0.00808
0.00192
0.00187
0.00609
0.00391
0.01391
0.00929
0.01104
0.01670
0.00670
0.01265
0.01885
0.02528
0.03190
0.05557
0.04557
0.05256
0.04256
0.04961
0.03961
0.02961
0.01961
0.02668
0.03374
0.04076
0.03076
0.03771
0.04456
0.03456
0.02456
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0.00027
0.00608
0.03547
0.05042
0.07571
0.09497
0.10213
0.10213
0.10213
0.11762
0.14384
0.16337
0.16337
0.17375
0.17375
0.17375
0.17375
0.19574
0.19574
0.19574
0.20735
0.21934
0.21934
0.21934
0.23173
0.25764
0.27114
0.27114
0.28498
0.29914
0.31362
0.32840
0.35874
0.35874
0.37427
0.37427
0.39000
0.39000
0.39000
0.39000
0.40592
0.42199
0.43820
0.43820
0.45451
0.47089
0.47089
0.47089

0.00973
0.01392
0.00547
0.01042
0.02571
0.03497
0.03213
0.02213
0.01213
0.01762
0.03384
0.04337
0.03337
0.03375
0.02375
0.01375
0.00375
0.01574
0.00574
0.00426
0.00265
0.00066
0.01066
0.02066
0.01827
0.00236
0.00114
0.00886
0.00502
0.00086
0.00362
0.00840
0.02874
0.01874
0.02427
0.01427
0.02000
0.01000
0.00000
0.01000
0.00408
0.00199
0.00820
0.00180
0.00451
0.01089
0.00089
0.00911

11/24/98

Zi= lambda=
0.17092 0.83818



49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
o1
92
93
94
95
96
97
98
99
100

2.33
2.33
2.33
2.35
2.38
2.38
242
2.42
243
2.43
245
2.47
2.47
2.47
2.47
2.47
2.47
2.50
2.52
2.53
2.55
2.55
2.55
2.55
257
2.57
2.57
2.57
2.60
2.62
2.63
263
2.65
2.67
2.67
2.67
2.68
2.70
2.72
2.75
275
275
2.87
2.88
2.90
2.92
293
2.98
3.02
3.20
3.22
3.80

0.49000
0.50000
0.51000
0.52000
0.53000
0.54000
0.55000
0.56000
0.57000
0.58000
0.59000
0.60000
0.61000
0.62000
0.63000
0.64000
0.65000
0.66000
0.67000
0.68000
0.69000
0.70000
0.71000
0.72000
0.73000
0.74000
0.75000
0.76000
0.77000
0.78000
0.79000
0.80000
0.81000
0.82000
0.83000
0.84000
0.85000
0.86000
0.87000
0.88000
0.89000
0.90000
0.91000
0.92000
0.93000
0.94000
0.85000
0.96000
0.97000
0.98000
0.99000
1.00000

0.52128
0.52128
0.52128
0.53785
0.57041
0.57041
0.60206
0.60206
061748
0.61749
0.63263
0.64747
0.64747
0.64747
0.64747
0.64747
0.64747
0.67617
0.68001
0.70351
0.71664
0.71664
0.71664
0.71664
0.72940
0.72940
0.72840
0.72940
0.75380
0.76543
0.77667
0.77667
0.78754
0.79803
0.79803
0.79803
0.80814
0.81787
0.82723
0.84486
0.84486
0.84486
0.89575
0.90176
0.90747
0.91291
0.91807
0.93203
0.94016
0.97137
0.87330
0.99817

maximum deviation
D(95%) for N =100

0.03128
0.02128
0.01128
0.01785
0.04041
0.03041
0.05206
0.04206
0.04749
0.03749
0.04263
0.04747
0.03747
0.02747
0.01747
0.00747
0.00253
0.01617
0.02001
0.02351
0.02664
0.01664
0.00664
0.00336
0.00060
0.01060
0.02060
0.03060
0.01620
0.01457
0.01333
0.02333
0.02246
0.02197
0.03197
0.04197
0.04186
0.04213
0.04277
0.03514
0.04514
0.05514
0.01425
0.01824
0.02253
0.02709
0.03193
0.02797
0.02984
0.00863
0.01670
0.00183

0.05557
0.13600
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0.48733
0.48733
0.48733
0.50379
0.53665
0.53665
0.56927
0.56927
0.58542
0.58542
0.60142
0.61726
0.61726
0.61726
0.61726
0.61726
0.61726
0.64833
0.66351
0.67843
0.69307
0.69307
0.69307
0.69307
0.70741
0.70741
0.70741
0.70741
0.73511
0.74845
0.76142
0.76142
0.77401
0.78622
0.78622
0.78622
0.79804
0.80946
0.82047
0.84127
0.84127
0.84127
0.90121
0.90820
0.91481
0.92106
0.92696
0.94264
0.95152
0.98273
0.98442
0.99984

0.00267
0.01267
0.02267
0.01621
0.00665
0.00335
0.01927
0.00927
0.01542
0.00542
0.01142
0.01726
0.00726
0.00274
0.01274
0.02274
0.03274
0.01167
0.00649
0.00157
0.00307
0.00693
0.01693
0.02693
0.02259
0.03259
0.04259
0.05259
0.03489
0.03155
0.02858
0.03858
0.03599
0.03378
0.04378
0.05378
0.05196
0.05054
0.04953
0.03873
0.04873
0.05873
0.00879
0.01180
0.01519
0.01894
0.02304
0.01736
0.01848
0.00273
0.00558
0.00016

0.05873




County

Contract
mean =

order

DA DBABADRADAEWWWWRWWRWWRNNRNNMNNMNNRNREDS & & 3o
NOOROGRNDSDOOOIDNROINAOORTIDARDON A OOO TN RPN DOV RWON -

Knox

4123

1.40

Time

0.33
0.42
0.47
0.50
0.52
0.57
0.58
0.58
0.62
0.63
0.65
0.67
0.70
0.70
0.70
0.70
0.70
0.70
0.72
0.72
0.75
0.77
0.77
0.78
0.82
0.82
0.82
0.83
0.83
0.85
0.87
0.88
0.88
0.90
0.95
0.97
0.98
1.00
1.00
1.00
1.00
1.00
1.02
1.02
1.07
1.07
1.08

Reposition

stand. dev=

nondelay lognormal
cum. freq. cum. prob.

0.01042
0.02083
0.03125
0.04167
0.05208
0.06250
0.07292
0.08333
0.09375
0.10417
0.11458
0.12500
0.13542
0.14583
0.15625
0.16667
0.17708
0.18750
0.19792
0.20833
0.21875
0.22917
0.23958
0.25000
0.26042
0.27083
0.28125
0.29167
0.30208
0.31250
0.32292
0.33333
0.34375
0.35417
0.36458
0.37500
0.38542
0.39583
0.40625
0.41667
0.42708
0.43750
0.44792
0.45833
0.46875
0.47917
0.48958

0.01956
0.04507
0.06582
0.08169
0.09018
0.11758
0.12728
0.12728
0.14741
0.16778
0.16834
0.17906
0.20080
0.20090
0.20090
0.20090
0.20090
0.20090
0.21198
0.21198
0.23436
0.24564
0.24564
0.25695
0.27961
0.27961
0.27961
0.29094
0.29094
0.30224
0.31351
0.32474
0.32474
0.33592
0.36904
0.37992
0.39071
0.40140
0.40140
0.40140
0.40140
0.40140
0.41198
0.41198
0.44306
0.44306
0.45318

0.93

Road & Drainage

# samples 96

Normal

deviation cum. prob. deviation

0.00914
0.02423
0.03457
0.04003
0.03810
0.05508
0.05436
0.04395
0.05366
0.05362
0.05376
0.05406
0.06548
0.05506
0.04465
0.03423
0.02381
0.01340
0.01406
0.00364
0.01561
0.01647
0.00606
0.00695
0.01919
0.00878
0.00164
0.00073
0.01115
0.01026
0.00941
0.00859
0.01901
0.01825
0.00446
0.00492
0.00529
0.00556
0.00485
0.01527
0.02569
0.03610
0.03594
0.04635
0.02569
0.03611
0.03640
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0.12643
0.14596
0.15860
0.16742
0.17195
0.18598
0.19082
0.19082
0.20071
0.20577
0.21091
0.21612
0.22676
0.22676
0.22676
0.22676
0.22676
0.22676
0.23219
0.23219
0.24326
0.24891
0.24891
0.25462
0.26624
0.26624
0.26624
0.27215
0.27215
0.27813
0.28417
0.29027
0.29027
0.29643
0.31526
0.32165
0.32809
0.33459
0.33459
0.33459
0.33459
0.33459
0.34113
0.34113
0.36105
0.36105
0.36777

0.11601
0.12512
0.12735
0.12575
0.11986
0.12348
0.11790
0.10748
0.10696
0.10161
0.09633
0.08112
0.09134
0.08093
0.07051
0.06009
0.04968
0.03926
0.03427
0.02386
0.02451
0.01974
0.00832
0.00462
0.00582
0.00459
0.01501
0.01952
0.02993
0.03437
0.03875
0.04307
0.05348
0.05774
0.04932
0.05335
0.05732
0.06124
0.07166
0.08208
0.09249
0.10291
0.10678
0.11720
0.10770
0.11812
0.12181

11/24/98

zZi= lambda=
0.60588 0.15131



48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96

P G L i Qi (T G Gy
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1.28
1.30
1.32
1.32
1.37
1.37
1.38
1.38
1.38
1.40
1.40
1.45
1.47
1.48
1.50
1.58
1.75
1.77
1.83
1.88
1.95
2.00
2.03
217
2.20
247
2.62
2.82
2.87
2.98
3.07
3.68
3.77
3.83
3.97
4.03
4,25
4.35

0.50000
0.51042
0.52083
0.53125
0.54167
0.55208
0.56250
0.57292
0.58333
0.59375
0.60417
0.61458
0.62500
0.63542
0.64583
0.65625
0.66667
0.67708
0.68750
0.69792
0.70833
0.71875
0.72917
0.73958
0.75000
0.76042
0.77083
0.78125
0.79167
0.80208
0.81250
0.82282
0.83333
0.84375
0.85417
0.86458
0.87500
0.88542
0.89583
0.90625
0.91667
0.92708
0.93750
0.94792
0.95833
0.96875
0.97917
0.98958
1.00000

0.46318
0.46318
0.46318
0.47305
0.48279
0.49240
0.49240
0.50187
0.50187
0.51121
0.55584
0.56434
0.57272
0.58095
0.58095
0.60482
0.60482
0.61250
0.61250
0.61250
0.62005
0.62005
0.64189
0.64891
0.65580
0.66257
0.69452
0.74981
0.75476
0.77358
0.78672
0.80303
0.81442
0.82162
0.84765
0.85351
0.89259
0.90953
0.92778
0.93169
0.83994
0.94518
0.97143
0.97376
0.97547
0.97854
0.97992
0.98376
0.98525

maximum deviation
D(95%) for N =96

0.03682
0.04724
0.05765
0.05820
0.05888
0.05969
0.07010
0.07105
0.08146
0.08254
0.04833
0.05024
0.05228
0.05447
0.06489
0.05143
0.06185
0.06458
0.07500
0.08542
0.08829
0.09870
0.08727
0.09067
0.09420
0.09785
0.07631
0.03144
0.03691
0.02851
0.02578
0.01988
0.01892
0.02213
0.00652
0.01108
0.01758
0.02411
0.03194
0.02544
0.02328
0.01808
0.03393
0.02584
0.01714
0.00979
0.00075
0.00583
0.01475

0.09870
0.13880
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0.37454
0.37454
0.37454
0.38135
0.38819
0.39507
0.39507
0.40198
0.40198
0.40892
0.44401
0.45109
0.45819
0.46530
0.46530
0.48668
0.48668
0.49382
0.49382
0.49382
0.50097
0.50097
0.52238
0.52951
0.53663
0.54374
0.57901
0.64744
0.65407
0.68008
0.69904
0.72350
0.74118
0.75263
0.79560
0.80561
0.87458
0.90481
0.93628
0.94272
0.95575
0.96350
0.99296
0.99453
0.99556
0.99711
0.99768
0.99891
0.99924

0.12546
0.13588
0.14629
0.14990
0.15348
0.15702
0.16743
0.17094
0.18136
0.18483
0.16016
0.16349
0.16681
0.17012
0.18054
0.16957
0.17998
0.18326
0.19368
0.20409
0.20737
0.21778
0.20678
0.21007
0.21337
0.21668
0.19182
0.13381
0.13760
0.12200
0.11346
0.09942
0.09216
0.09112
0.05856
0.05897
0.00042
0.01939
0.04045
0.03647
0.03908
0.03642
0.05546
0.04662
0.03722
0.02836
0.01852
0.00932
0.00076

0.21778



County
Contract
mean =

order

O©oO~NOONNKWN -

Claiborne
4615-1
6.55

Time

4.85
5.35
5.565
5.60
5.68
5.77
5.78
5.78
5.82
5.92
5.98
6.02
6.02
6.03
6.13
6.18
6.18
6.22
6.22
6.25
6.25
6.30
6.30
6.32
6.32
6.37
6.38
6.40
6.42
6.43
6.45
6.45
6.45
6.48
6.50
6.50
6.50
6.53
6.53
6.53
6.55
6.60
6.63
6.72

nondelay
cum. freq.

0.01333
0.02667
0.04000
0.05333
0.06667
0.08000
0.09333
0.10667
0.12000
0.13333
0.14667
0.16000
0.17333
0.18667
0.20000
0.21333
0.22667
0.24000
0.25333
0.26667
0.28000
0.29333
0.30667
0.32000
0.33333
0.34667
0.36000
0.37333
0.38667
0.40000
0.41333
0.42667
0.44000
0.45333
0.46667
0.48000
0.49333
0.50667
0.52000
0.53333
0.54667
0.56000
0.57333
0.58667

End to Arrival
stand. dev= 0.56

lognormal

Road & Drainage

# samples 75

Normal

cum. prob. deviation cum. prob. deviation

0.00026 0.01307
0.01001 0.01666
0.02885 0.01115
0.03646 0.01687
0.05251 0.01416
0.07336 0.00664
0.07816 0.01517
0.07816 0.02851
0.08842 0.03158
0.12473 0.00861
0.15363 0.00697
0.16949 0.00949
0.16949 0.00384
0.17777 0.00890
0.23204 0.03204
0.26192 0.04859
0.26192 0.03525
0.28274 0.04274
0.28274 0.02941
0.30421 0.03754
0.30421 0.02421
0.33746 0.04413
0.33746 0.03080
0.34880 0.02880
0.34880 0.01546
0.38338 0.03672
0.39508 0.03508
0.40684 0.03350
0.41865 0.03198
0.43050 0.03050
0.44239 0.02906
0.44239 0.01572
0.44239 0.00239
0.46622 0.01288
0.47814 0.01147
0.47814 0.00186
0.47814 0.01520
0.50193 0.00474
0.50193 0.01807
0.50193 0.03140
0.51378 0.03288
0.54905 0.01095
0.57222 0.00111
0.62842 0.04175
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0.00123
0.01618
0.03716
0.04496
0.06083
0.08079
0.08531
0.08531
0.09493
0.12854
0.15508
0.16961
0.16961
0.17720
0.22709
0.25475
0.25475
0.27411
0.27411
0.29418
0.29418
0.32550
0.32550
0.33623
0.33623
0.36920
0.38043
0.39176
0.40317
0.41468
0.42625
0.42625
0.42625
0.44958
0.46132
0.46132
0.46132
0.48489
0.48489
0.48489
0.49669
0.53209
0.55557
0.61324

0.01210
0.01049
0.00284
0.00838
0.00583
0.00079
0.00802
0.02135
0.02507
0.00480
0.00841
0.00961
0.00372
0.00947
0.02709
0.04141
0.02808
0.03411
0.02078
0.02752
0.01418
0.03216
0.01883
0.01623
0.00289
0.02254
0.02043
0.01842
0.01651
0.01468
0.01292
0.00042
0.01375
0.00375
0.00535
0.01868
0.03201
0.02178
0.03511
0.04845
0.04897
0.02791
0.01777
0.02657

11/24/98

zi= lambda=
0.08573 1.87650




45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75

6.72
6.72
6.72
6.78
6.78
6.80
6.82
6.87
6.87
6.87
6.88
6.92
6.93
6.93
6.95
6.97
7.00
7.02
7.07
7.13
7.15
7.18
7.22
7.23
7.38
7.38
7.45
7.50
7.68
7.68
7.75

0.60000
0.61333
0.62667
0.64000
0.65333
0.66667
0.68000
0.69333
0.70667
0.72000
0.73333
0.74667
0.76000
0.77333
0.78667
0.80000
0.81333
0.82667
0.84000
0.85333
0.86667
0.88000
0.89333
0.90667
0.92000
0.93333
0.94667
0.96000
0.97333
0.98667
1.00000

0.62842
0.62842
0.62842
0.67107
0.67107
0.68136
0.69148
0.72083
0.72083
0.72083
0.73025
0.74855
0.75741
0.75741
0.76609
0.77456
0.79093
0.79881
0.82127
0.84843
0.85474
0.86676
0.87804
0.88340
0.92387
0.92387
0.93778
0.94678
0.97103
0.97103
0.97708

maximum deviation
D(95%) for N =75

0.02842
0.01508
0.00175
0.03107
0.01774
0.01469
0.01148
0.02750
0.01416
0.00083
0.00308
0.00188
0.00259
0.01592
0.02058
0.02544
0.02241
0.02786
0.01873
0.00490
0.01193
0.01324
0.01530
0.02327
0.00387
0.00947
0.00889
0.01322
0.00230
0.01564
0.02292

0.04859
0.15704
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0.61324
0.61324
0.61324
0.65770
0.65770
0.66851
0.67918
0.71029
0.71029
0.71029
0.72034
0.73990
0.74942
0.74942
0.75874
0.76788
0.78555
0.79409
0.81846
0.84801
0.85487
0.86795
0.88020
0.88601
0.92949
0.92949
0.94413
0.95345
0.97752
0.97752
0.98314

0.01324
0.00009
0.01343
0.01770
0.00437
0.00184
0.00082
0.01696
0.00362
0.00971
0.01300
0.00676
0.01058
0.02392
0.02792
0.03212
0.02778
0.03258
0.02154
0.00532
0.01180
0.01205
0.01314
0.02066
0.00949
0.00384
0.00253
0.00655
0.00418
0.00915
0.01686

0.04997



County

mean =

order

O OONODOTEAE WN

Claiborne LOAD
Contact 4615-1
2.10 stand. dev=

nondelay lognormal
Time cum. freq. cum. prob.

1.63 0.01176 0.01060
1.70 0.02353 0.02707
1.73 0.03529 0.04076
1.73 0.04706 0.04076
1.78 0.05882 0.07042
1.80 0.07059 0.08309
1.82 0.08235 0.09726
1.82 0.09412 0.09726
1.83 0.10588 0.11298
1.83 0.11765 0.11298
1.85 0.12941 0.13026
1.85 0.14118 0.13026
1.87 0.15294 0.14911
1.87 0.16471 0.14911
1.88 0.17647 0.16951
1.90 0.18824 0.19142
1.83 0.20000 0.23947
1.95 0.21176 0.26542
1.96 0.22353 0.26542
1.95 0.23529 0.26542
1.95 0.24706 0.26542
1.97 0.25882 0.29248
1.97 0.27059 0.29248
1.97 0.28235 0.29248
1.97 0.29412 0.29248
1.97 0.30588 0.29248
2.00 0.31765 0.34937
2.02 0.32941 0.37887
2.02 0.34118 0.37887
2.02 0.35294 0.37887
2.02 0.36471 0.37887
2.02 0.37647 0.37887
2.02 0.38824 0.37887
2.02 0.40000 0.37887
2.02 0.41176 0.37887
2.02 0.42353 0.37887
2.03 0.43529 0.40885
2.03 0.44706 0.40885
2.05 0.45882 0.43911
2.05 0.47059 0.43911
2.05 0.48235 0.43911
2.05 0.49412 0.43911
2.07 0.50588 0.46949
2.07 0.51765 0.46949

0.22

Road & Drainage

# samples 85

Normal

deviation cum. prob. deviation

0.00117
0.00354
0.00547
0.00630
0.01160
0.01250
0.01491
0.00314
0.00709
0.00467
0.00085
0.01082
0.00383
0.01559
0.00686
0.00319
0.03947
0.05365
0.04189
0.03012
0.01836
0.03366
0.02189
0.01013
0.00164
0.01340
0.03172
0.04946
0.03770
0.02583
0.01417
0.00240
0.00936
0.02113
0.03289
0.04466
0.02645
0.03821
0.01971
0.03148
0.04324
0.05501
0.03639
0.04816
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0.01872
0.03749
0.05152
0.06152
0.08001
0.09178
0.10478
0.10478
0.11907
0.11807
0.13468
0.13468
0.15163
0.15163
0.16996
0.18964
0.23300
0.25659
0.25659
0.25659
0.25659
0.28137
0.28137
0.28137
0.28137
0.28137
0.33412
0.36187
0.36187
0.36187
0.36187
0.36187
0.36187
0.36187
0.36187
0.36187
0.39037
0.39037
0.41947
0.41947
0.41947
0.41947
0.44902
0.44902

0.00695
0.01396
0.01622
0.00446
0.02119
0.02119
0.02243
0.01066
0.01318
0.00142
0.00526
0.00650
0.00131
0.01307
0.00651
0.00140
0.03300
0.04482
0.03306
0.0212¢9
0.00963
0.02254
0.01078
0.00098
0.01275
0.02452
0.01647
0.03246
0.02070
0.00893
0.00283
0.01460
0.02636
0.03813
0.04989
0.06166
0.04492
0.05669
0.03935
0.05111
0.06288
0.07464
0.05686
0.06862

HHHHHE

zZi= lambda=
0.10562 0.73402



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

2.08
2.08
2.10
210
2.12
212
2.12
2.12
2.13
2.15
2.15
2.15
2.17
217
217
2.17
2.17
2.18
2.18
2.18
2.22
222
2.23
2.25
225
2.27
2.28
2.33
2.35
2.35
2.35
2.35
2.38
2.38
2.42
2.52
2.53
2.53
2.57
2.65
2.83

0.52941
0.54118
0.55294
0.56471
0.57647
0.58824
0.60000
0.61176
0.62353
0.63529
0.64706
0.65882
0.67059
0.68235
0.69412
0.70588
0.71765
0.72941
0.74118
0.75294
0.76471
0.77647
0.78824
0.80000
0.81176
0.82353
0.83529
0.84706
0.85882
0.87059
0.88235
0.89412
0.90588
0.91765
0.92941
0.94118
0.95294
0.96471
0.97647
0.98824
1.00000

0.49980
0.49980
0.562987
0.52987
0.55953
0.55953
0.55953
0.556953
0.58864
0.61704
0.61704
0.61704
0.64462
0.64462
0.64462
0.64462
0.64462
0.67126
0.67126
0.67126
0.72135
0.72135
0.74466
0.76675
0.76675
0.78758
0.80714
0.85825
0.87283
0.87283
0.87283
0.87283
0.89854
0.89854
0.91995
0.96316
0.96793
0.96793
0.97586
0.98862
0.99820

maximum deviation
D(95%) for N =85

72

0.02961
0.04138
0.02307
0.03484
0.01694
0.02870
0.04047
0.05223
0.03489
0.01825
0.03002
0.04178
0.02597
0.03773
0.04950
0.06126
0.07303
0.05815
0.06992
0.08168
0.04336
0.05512
0.04358
0.03325
0.04502
0.03595
0.02815
0.01119
0.01401
0.00225
0.00952
0.02128
0.00735
0.01911
0.00946
0.02199
0.01498
0.00322
0.00061
0.00038
0.00180

0.08168
0.14751

0.47886
0.47886
0.50881
0.50881
0.53872
0.53872
0.53872
0.53872
0.56840
0.59771
0.59771
0.59771
0.62647
0.62647
0.62647
0.62647
0.62647
0.65455
0.65455
0.65455
0.70811
0.70811
0.73335
0.75744
0.75744
0.78030
0.80186
0.85851
0.87467
0.87467
0.87467
0.87467
0.90302
0.90302
0.92636
0.97127
0.97586
0.97586
0.98321
0.99380
0.99956

0.05055
0.06232
0.04413
0.05589
0.03775
0.04952
0.06128
0.07305
0.05513
0.03759
0.04935
0.06111
0.04411
0.05588
0.06764
0.07941
0.09117
0.07486
0.08662
0.09839
0.05660
0.06836
0.05489
0.04256
0.05433
0.04323
0.03343
0.01145
0.01584
0.00408
0.00768
0.01945
0.00286
0.01463
0.00306
0.03010
0.02292
0.01116
0.00674
0.00557
0.00044

0.09839




County
Contract
mean =

order

OCOO~NOOOhAEWN-

Claiborne Reposition
4615-1
0.64 stand. dev=

nondelay lognormal
Time cum. freq. cum. prob.

0.27 0.01471 0.00000
0.52 0.02941 0.05407
0.53 0.04412 0.08831
0.53 0.05882 0.08831
0.53 0.07353 0.08831
0.55 0.08824 0.13485
0.57 0.10294 0.19390
0.57 0.11765 0.19390
0.57 0.13235 0.19390
0.58 0.14706 0.26421
0.58 0.16176 0.26421
0.58 0.17647 0.26421
0.58 0.19118 0.26421
0.58 0.20588 0.26421
0.58 0.22059 0.26421
0.58 0.23529 0.26421
0.58 0.25000 0.26421
0.58 0.26471 0.26421
0.60 0.27941 0.34317
0.60 0.29412 0.34317
0.60 0.30882 0.34317
0.60 0.32353 0.34317
0.60 0.33824 0.34317
0.60 0.35294 0.34317
0.62 0.36765 0.42723
0.62 0.38235 0.42723
0.62 0.39706 0.42723
0.62 0.41176 0.42723
0.62 0.42647 0.42723
0.62 0.44118 0.42723
0.63 0.45588 0.51240
0.63 0.47059 0.51240
0.63 0.48529 0.51240
0.63 0.50000 0.51240
0.63 0.51471 0.51240
0.63 0.52941 0.51240
0.63 0.54412 0.51240
0.65 0.55882 0.59485
0.65 0.567363 0.59485
0.65 0.58824 0.59485
0.65 0.60294 0.59485
0.65 0.61765 0.59485
0.65 0.63235 0.59485
0.65 0.64706 0.59485

0.08

Road & Drainage

# samples 68

Normal

deviation cum. prob. deviation

0.01471
0.02465
0.04419
0.02948
0.01478
0.04662
0.09096
0.07626
0.06155
0.11715
0.10244
0.08774
0.07303
0.05833
0.04362
0.02891
0.01421
0.00050
0.06376
0.04905
0.03435
0.01964
0.00494
0.00977
0.05958
0.04488
0.03017
0.01547
0.00076
0.01395
0.05652
0.04181
0.02711
0.01240
0.00231
0.01701
0.03172
0.03602
0.02132
0.00661
0.00809
0.02280
0.03751
0.05221

73

0.00000
0.06665
0.09832
0.09832
0.09832
0.13982
0.19185
0.19185
0.19185
0.25429
0.25429
0.25429
0.25429
0.25429
0.25429
0.25429
0.25429
0.25429
0.32600
0.32600
0.32600
0.32600
0.32600
0.32600
0.40480
0.40480
0.40480
0.40480
0.40480
0.40480
0.48768
0.48768
0.48768
0.48768
0.48768
0.48768
0.48768
0.57109
0.57109
0.57109
0.57109
0.57109
0.57109
0.57109

0.01470
0.03723
0.05420
0.03949
0.02479
0.05158
0.08891
0.07420
0.05950
0.10723
0.09253
0.07782
0.06312
0.04841
0.03370
0.01900
0.00429
0.01041
0.04659
0.03188
0.01717
0.00247
0.01224
0.02694
0.03715
0.02245
0.00774
0.00696
0.02167
0.03638
0.03180
0.01709
0.00238
0.01232
0.02703
0.04173
0.05644
0.01227
0.00243
0.01714
0.03185
0.04655
0.06126
0.07596

11/24/98

zi= lambda=
0.12432 -0.46062



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

0.67
0.67
0.67
0.67
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.70
0.70
0.72
0.73
0.73
0.75
0.75
0.77
0.80
0.80
0.80

0.66176
0.67647
0.69118
0.70588
0.72059
0.73529
0.75000
0.76471
0.77941
0.79412
0.80882
0.82353
0.83824
0.85294
0.86765
0.88235
0.89706
0.91176
0.92647
0.94118
0.95588
0.97059
0.98529
1.00000

0.67137
0.67137
0.67137
0.67137
0.73967
0.73967
0.73967
0.73967
0.73967
0.73967
0.73967
0.73967
0.73967
0.79847
0.79847
0.84742
0.88693
0.88693
0.91791
0.91791
0.94155
0.97195
0.97195
0.97195

maximum deviation
D(95%) for N =79

74

0.00960
0.00510
0.01981
0.03452
0.01908
0.00437
0.01033
0.02504
0.03975
0.05445
0.06916
0.08386
0.09857
0.05448
0.06918
0.03493
0.01013
0.02484
0.00856
0.02327
0.01433
0.00136
0.01334
0.02805

0.11715
0.16492

0.65144
0.65144
0.65144
0.65144
0.72550
0.72550
0.72550
0.72550
0.72550
0.72550
0.72550
0.72550
0.72550
0.79083
0.79083
0.84599
0.89054
0.89054
0.92499
0.92499
0.95048
0.98076
0.98076
0.98076

0.01032
0.02503
0.03974
0.05444
0.00491
0.00979
0.02450
0.03920
0.05391
0.06862
0.08332
0.09803
0.11273
0.06211
0.07681
0.03637
0.00652
0.02122
0.00148
0.01619
0.00540
0.01017
0.00454
0.01924

0.11273




Appendix D

Sample K-S Tests for
Borrow Excavation

75



KS TEST

Contract #:

Mean
15.72

Order

© 0 ~N OO s WN
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3502

Stand. Dev.
4.08

Time

4.45

4.83

12.17
12.33
12.73
12.92
12.98
13.00
13.15
13.25
13.27
13.28
13.30
13.37
13.38
13.40
13.58
13.63
13.70
13.73
13.75
13.80
13.88
13.90
13.97
13.97
14.40
14.63
15.07
15.53
15.57
15.85
15.92

TRUCK CYCLE

Nondelay

BORROW

County: Carroli

# samples
53.00

Lognormal

Cumulative Cumulative
Frequency Probability

0.01887
0.03774
0.05660
0.07547
0.09434
0.11321
0.13208
0.15094
0.16981
0.18868
0.20755
0.22642
0.24528
0.26415
0.28302
0.30189
0.32075
0.33962
0.35849
0.37736
0.39623
0.41509
0.43396
0.45283
0.47170
0.49057
0.50943
0.52830
0.54717
0.56604
0.58491
0.60377
0.62264

0.00000
0.00000
0.19056
0.20538
0.24274
0.26059
0.26718
0.26884
0.28386
0.29400
0.29570
0.29740
0.29911
0.30594
0.30766
0.30937
0.32838
0.33359
0.34057
0.34407
0.34582
0.35108
0.35986
0.36162
0.36866
0.36866
0.41461
0.43930
0.48467
0.53229
0.53563
0.56359
0.57006

76

Deviation

0.01887
0.03773
0.13396
0.12991
0.14840
0.14738
0.13511
0.11789
0.11405
0.10532
0.08816
0.07099
0.05382
0.04179
0.02464
0.00749
0.00762
0.00603
0.01792
0.03329
0.05041
0.06402
0.07410
0.09121
0.10303
0.12190
0.09483
0.08901
0.06250
0.03374
0.04928
0.04018
0.05258

g
0.2553

Normal
Cumulative
Probability

0.00286
0.00380
0.19176
0.20310
0.23192
0.24585
0.25103
0.25233
0.26422
0.27230
0.27365
0.27502
0.27638
0.28187
0.28326
0.28464
0.30008
0.30435
0.31010
0.31299
0.31443
0.31880
0.32613
0.32760
0.33352
0.33352
0.37297
0.39482
0.43622
0.48159
0.48484
0.51254
0.51906

11/24/98

2.7223

Deviation

0.01600
0.03393
0.13515
0.12763
0.13758
0.13265
0.11896
0.10139
0.09441
0.08362
0.06611
0.04860
0.03110
0.01772
0.00024
0.01725
0.02068
0.03527
0.04839
0.06437
0.08179
0.09630
0.10784
0.12523
0.13818
0.15704
0.13646
0.13349
0.11095
0.08445
0.10006
0.09123
0.10358



35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

16.47
16.67
16.77
17.27
17.38
17.38
17.85
18.68
18.72
19.35
15.65
19.95
20.03
21.60
21.62
22.00
22.20
22.53
24.53
25.90

0.64151
0.66038
0.67925
0.69811
0.71698
0.73585
0.75472
0.77358
0.79245
0.81132
0.83019
0.84906
0.86792
0.88679
0.90566
0.92453
0.94340
0.96226
0.98113
1.00000

D(95%) for N =53

0.62156
0.63941
0.64814
0.68984
0.69909
0.69909
0.73420
0.78938
0.79139
0.82680
0.84180
0.85570
0.85938
0.91504
0.91551
0.92568
0.93054
0.93800
0.96935
0.98140

Best Fit :

77

0.01995
0.02097
0.03110
0.00827
0.01789
0.03676
0.02052
0.01580
0.00106
0.01548
0.01161
0.00665
0.00854
0.02825
0.00985
0.00115
0.01286
0.02427
0.01179
0.01860

Lognormal
Maximum
Deviation

0.1484

Allowable

Maximum

Deviation
0.1868

LOGNORMAL

0.57245
0.59159
0.60108
0.64755
0.65811
0.65811
0.69906
0.76607
0.76857
0.81311
0.83221
0.85001
0.85472
0.92520
0.92577
0.93810
0.94386
0.95251
0.98461
0.99370

0.06906
0.06879
0.07816
0.05056
0.05887
0.07774
0.05565
0.00751
0.02388
0.00178
0.00202
0.00095
0.01320
0.03841
0.02011
0.01357
0.00046
0.00975
0.00348
0.00630

Normal
Maximum
Deviation

0.1570



KS TEST

Contract #:

Mean
1.85

Order

O N O HhWN
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3502

Stand. Dev.
0.29

Time

1.37
1.43
1.45
1.45
1.50
1.50
1.50
1.53
1.53
1.57
1.57
1.58
1.58
1.60
1.62
1.63
1.63
1.63
1.67
1.68
1.70
1.70
1.72
1.73
1.73
1.77
1.77
1.78
1.78
1.78
1.78
1.80
1.80
1.82
1.83

PROCESSOR CYCLE

Nondelay

BORROW

County: Carroll

# samples
65.00

Lognormal

Cumulative Cumulative
Frequency Probability

0.01538
0.03077
0.04615
0.06154
0.07692
0.09231
0.10769
0.12308
0.13846
0.15385
0.16923
0.18462
0.20000
0.21538
0.23077
0.24615
0.26154
0.27692
0.29231
0.30769
0.32308
0.33846
0.35385
0.36923
0.38462
0.40000
0.41538
0.43077
0.44615
0.46154
0.47692
0.49231
0.50769
0.52308
0.53846

0.03260
0.06164
0.07110
0.07110
0.10527
0.10527
0.10527
0.13300
0.13300
0.16463
0.16463
0.18185
0.18185
0.19996
0.21891
0.23865
0.23865
0.23865
0.28021
0.30190
0.32408
0.32408
0.34669
0.36962
0.36962
0.41615
0.41615
0.43957
0.43957
0.43957
0.43957
0.46299
0.46299
0.48631
0.50947

78

Deviation

0.01721
0.03088
0.02495
0.00957
0.02835
0.01296
0.00242
0.00992
0.00546
0.01078
0.00460
0.00276
0.01815
0.01542
0.01186
0.00751
0.02289
0.03827
0.01210
0.00579
0.00101
0.01438
0.00716
0.00039
0.01499
0.01615
0.00077
0.00880
0.00658
0.02197
0.03735
0.02932
0.04470
0.03676
0.02899

5
0.1573

Normal

Cumulative
Probability

0.04959
0.07765
0.08627
0.08627
0.11638
0.11638
0.11638
0.14021
0.14021
0.16715
0.16715
0.18180
0.18180
0.19722
0.21341
0.23035
0.23035
0.23035
0.26638
0.28541
0.30506
0.30506
0.32529
0.34605
0.34605
0.38893
0.38893
0.41093
0.41093
0.41093
0.41093
0.43321
0.43321
0.45570
0.47834

11/24/98

A
0.6024

Deviation

0.03421
0.04688
0.04011
0.02473
0.03946
0.02408
0.00869
0.01713
0.00175
0.01331
0.00208
0.00282
0.01820
0.01816
0.01736
0.01580
0.03119
0.04657
0.02593
0.02228
0.01802
0.03340
0.02855
0.02318
0.03856
0.01107
0.02645
0.01984
0.03523
0.05061
0.06600
0.05910
0.07448
0.06737
0.06012



Order
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
58
60
61
62
63

65

Time
1.83
1.87
1.87
1.88
1.88
1.90
1.92
1.92
1.93
1.95
1.95
1.98
2.00
2.00
2.03
2.03
2.05
2.07
2.07
2.10
2.12
2.13
2.15
2.17
2.17
2.22
2.43
2.48
2.72
2.85

Nondelay

Cumulative Cumulative

Lognormal

Frequency Probability

0.55385
0.56923
0.58462
0.60000
0.61538
0.63077
0.64615
0.66154
0.67692
0.69231
0.70769
0.72308
0.73846
0.75385
0.76923
0.78462
0.80000
0.81538
0.83077
0.84615
0.86154
0.87692
0.89231
0.90769
0.92308
0.93846
0.95385
0.96923
0.98462
1.00000

D(95%) for N =65

0.50947
0.55500
0.55500
0.57723
0.57723
0.59903
0.62034
0.62034
0.64110
0.66129
0.66129
0.69977
0.71801
0.71801
0.75239
0.75239
0.76851
0.78390
0.78390
0.81250
0.82573
0.83825
0.85007
0.86123
0.86123
0.89082
0.96591
0.97460
0.99420
0.99766

Best Fit :

79

Deviation
0.04437
0.01423
0.02961
0.02277
0.03815
0.03174
0.02582
0.04120
0.03582
0.03102
0.04640
0.02330
0.02045
0.03583
0.01684
0.03222
0.03149
0.03149
0.04687
0.03365
0.03581
0.03868
0.04223
0.04647
0.06185
0.04764
0.01206
0.00537
0.00958
0.00234

Lognormal
Maximum
Deviation

0.0619

Allowable

Maximum

Deviation
0.1687

LOGNORMAL

Normal
Cumulative
Probability
0.47834
0.52375
0.52375
0.54638
0.54638
0.56886
0.59112
0.59112
0.61308
0.63469
0.63469
0.67660
0.69678
0.69678
0.73534
0.73534
0.75364
0.77124
0.77124
0.80423
0.81959
0.83416
0.84795
0.86096
0.86096
0.89535
0.97702
0.98487
0.99848
0.99969

Deviation
0.07551
0.04548
0.06086
0.05362
0.06900
0.06191
0.05504
0.07042
0.06384
0.05761
0.07300
0.04648
0.04168
0.05707
0.03389
0.04927
0.04636
0.04414
0.05953
0.04192
0.04195
0.04276
0.04436
0.04674
0.06212
0.04312
0.02318
0.01564
0.01387
0.00031

Normal
Maximum
Deviation

0.0755



KS TEST

Contract #:

Mean
0.98

Order
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3502

Stand. Dev.

0.63

Time

0.23
0.27
0.33
0.38
0.40
0.40
0.42
0.42
0.42
0.43
0.45
0.48
0.48
0.50
0.52
0.55
0.55
0.58
0.58
0.62
0.62
0.62
0.65
0.70
0.72
0.73
0.77
0.78
0.85
0.85
0.87
0.88
0.90
0.92

REPOSITION CYCLE

BORROW

County: Carroll

# samples
63.00

Nondelay Lognormal
Cumulative Cumulative
Frequency Probability Deviation

0.01587 0.01572 0.00015
0.03175 0.02717 0.00458
0.04762 0.06127 0.01365
0.06349 0.09574 0.03225
0.07937 0.10865 0.02928
0.09524 0.10865 0.01341
0.11111 0.12216 0.01105
0.12698 0.12216 0.00482
0.14286 0.12216 0.02069
0.15873 0.13622 0.02251
0.17460 0.15075 0.02385
0.19048 0.18101 0.00947
0.20635 0.18101 0.02534
0.22222 0.19661 0.02562
0.23810 0.21244 0.02565
0.25397 0.24462 0.00935
0.26984 0.24462 0.02522
0.28571 0.27715 0.00857
0.30159 0.27715 0.02444
0.31746 0.30969 0.00777
0.33333 0.30969 0.02364
0.34921 0.30969 0.03951
0.36508 0.34197 0.02311
0.38095 0.38939 0.00844
0.39683 0.40484 0.00801
0.41270 0.42008 0.00738
0.42857 0.44986 0.02129
0.44444 0.46439 0.01994
0.46032 0.51981 0.05949
0.47619 0.51981 0.04362
0.49206 0.53297 0.04091
0.50794 0.54585 0.03791
0.52381 0.55844 0.03463
0.53968 0.57074 0.03105

80

g
0.5873

Normal
Cumulative
Probability

0.11751
0.12828
0.15182
0.17124
0.17806
0.17806
0.18504
0.18504
0.18504
0.19219
0.19951
0.21464
0.21464
0.22245
0.23042
0.24682
0.24682
0.26383
0.26383
0.28142
0.28142
0.28142
0.29955
0.32770
0.33732
0.34704
0.36679
0.37680
0.41761
0.41761
0.42798
0.43839
0.44884
0.45933

11/24/98

A
-0.1917

Deviation

0.10164
0.09653
0.10420
0.10775
0.09869
0.08282
0.07393
0.05806
0.04219
0.03346
0.02491
0.02417
0.00829
0.00023
0.00768
0.00715
0.02302
0.02188
0.03776
0.03604
0.05191
0.06779
0.06553
0.05325
0.05951
0.06566
0.06178
0.06765
0.04270
0.05858
0.06409
0.06955
0.07497
0.08035



Order
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

Time
0.97
0.97
0.98
1.05
1.10
1.13
1.13
1.15
1.15
1.15
1.17
1.17
1.17
1.17
1.18
1.20
1.22
1.23
1.23
1.23
1.25
1.25
1.33
1.63
2.00
2.45
2.77
3.17
3.33

Nondelay

Cumulative Cumulative

Lognormal

Frequency Probability

0.55556
0.57143
0.58730
0.60317
0.61905
0.63492
0.65079
0.66667
0.68254
0.69841
0.71429
0.73016
0.74603
0.76190
0.77778
0.79365
0.80952
0.82540
0.84127
0.85714
0.87302
0.88889
0.90476
0.92063
0.93651
0.95238
0.96825
0.98413
1.00000

D(95%) for N =63

0.60591
0.60591
0.61707
0.65890
0.68747
0.70523
0.70523
0.71375
0.71375
0.71375
0.72203
0.72203
0.72203
0.72203
0.73007
0.73788
0.74548
0.75285
0.75285
0.75285
0.76001
0.76001
0.79282
0.87734
0.93404
0.96800
0.98026
0.98896
0.99126

Best Fit :

81

Deviation
0.05035
0.03448
0.02976
0.05573
0.06842
0.07031
0.05444
0.04708
0.03121
0.01534
0.00774
0.00813
0.02401
0.03988
0.04771
0.05577
0.06405
0.07255
0.08842
0.10429
0.11300
0.12888
0.11195
0.04330
0.00246
0.01562
0.01200
0.00483
0.00874

Lognormal
Maximum
Deviation

0.1289

Allowable

Maximum

Deviation
01713

LOGNORMAL

Normal
Cumulative
Probability
0.49095
0.49095
0.50151
0.54367
0.57499
0.59563
0.59563
0.60585
0.60585
0.60585
0.61600
0.61600
0.61600
0.61600
0.62607
0.63606
0.64595
0.65575
0.65575
0.65575
0.66544
0.66544
0.71217
0.84996
0.94724
0.99019
0.99772
0.99974
0.99991

Deviation
0.06461
0.08048
0.08579
0.05951
0.04406
0.03929
0.05517
0.06082
0.07669
0.09256
0.09829
0.11416
0.13003
0.14591
0.15171
0.15760
0.16357
0.16965
0.18552
0.20140
0.20758
0.22345
0.19260
0.07068
0.01073
0.03781
0.02946
0.01561
0.00009

Normal
Maximum
Deviation

0.2234



KS TEST (Non-Delay)

Contract #:

Mean
7.83

Order

20 ©®® N A WN

BB B W W W W WWWWWWNNN

4779

Stand. Dev.
0.86

Time

5.53
5.95
6.02
6.12
6.22
6.27
6.32
6.35
6.57
6.70
6.83
6.87
6.93
6.95
7.22
7.33
7.35
7.42
7.43
7.53
7.55
7.55
7.60
7.63
7.63
7.65
7.68
7.70
7.72
7.75
7.77
7.77
7.83
7.85
7.87
7.87
7.90
7.90
7.92
7.92
7.93
7.97

0.01298
0.02597
0.03896
0.05195
0.06494
0.07792
0.09091
0.10390
0.11688
0.12987
0.14286
0.15584
0.16883
0.18182
0.19481
0.20779
0.22078
0.23377
0.24675
0.25974
0.27273
0.28571
0.29870
0.31169
0.32468
0.33766
0.35065
0.36364
0.37662
0.38961
0.40260
0.41558
0.42857
0.44156
0.45455
0.46753
0.48052
0.49351
0.50649
0.51948
0.53247
0.54545

TRUCK CYCLE

BORROW
County: Obion

# sampies
77.00

Nondelay Lognormal
Cumulative Cumulative
Frequency Probability

0.00082
0.00708
0.00935
0.01388
0.02005
0.02388
0.02827
0.03152
0.06028
0.08552
0.11723
0.12621
0.14543
0.15049
0.24495
0.29321
0.30039
0.32967
0.33712
0.38274
0.39047
0.39047
0.41378
0.42842
0.42942
0.43725
0.45294
0.46079
0.46864
0.48431
0.49213
0.49213
0.52326
0.53099
0.53868
0.53868
0.55398
0.55398
0.56158
0.56158
0.56914
0.58413

82

Deviation

0.01207
0.01889
0.02961
0.03807
0.04488
0.05404
0.06264
0.07237
0.05661
0.04435
0.02562
0.02963
0.02340
0.03133
0.05014
0.08542
0.07961
0.09590
0.08037
0.12300
0.11774
0.10475
0.11508
0.11773
0.10474
0.09959
0.10229
0.09715
0.09201
0.09470
0.08954
0.07655
0.09469
0.08943
0.08414
0.07115
0.07346
0.06048
0.05509
0.04210
0.03667
0.03868

¢
0.1095

Normal

Cumutative
Probability

0.00387
0.01461
0.01772
0.02343
0.03062
0.03484
0.03954
0.04295
0.07124
0.09471
0.12345
0.131580
0.14867
0.15319
0.23757
0.28127
0.28781
0.31469
0.32157
0.36408
0.37136
0.37136
0.39344
0.40835
0.40835
0.41586
0.43097
0.43857
0.44618
0.46147
0.46914
0.46914
0.49990
0.50760
0.51529
0.51529
0.53066
0.53066
0.53833
0.53833
0.54598
0.56124

11/24/98

A
2.0520

Deviation

0.00911
0.01136
0.02124
0.02852
0.03432
0.04308
0.05137
0.06095

" 0.04564

0.03516
0.01941
0.02434
0.02016
0.02863
0.04276
0.07347
0.06703
0.08092
0.07482
0.10435
0.09863
0.08565
0.09474
0.09666
0.08368
0.07820
0.08032
0.07493
0.06956
0.07186
0.06654
0.05356
0.07133
0.06604
0.06075
0.04776
0.05014
0.03715
0.03183
0.01885
0.01351
0.01578



Order

43

45
46
47
48
49
50
§1
52
§3

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
7%
76
77

Time

8.03
8.05
8.07
8.08
8.08
8.08
8.12
8.12
8.12
8.13
8.17
8.22
8.23
8.23
8.28
8.32
8.32
8.42
8.42
8.45
8.45
8.45
8.58
8.65
8.73
8.83
8.87
8.93
9.00
9.08
9.10
9.17
9.33
9.60
9.62

Nondelay Lognormal
Cumulative Cumulative
Frequency Probability

0.55844
0.57143
0.58442
0.59740
0.61039
0.62338
0.63636
0.64935
0.66234
0.67532
0.68831
0.70130
0.71429
0.72727
0.74026
0.75325
0.76623
0.77922
0.79221
0.80519
0.81818
0.83117
0.84416
0.85714
0.87013
0.88312
0.89610
0.90808
0.92208
0.93506
0.94805
0.96104
0.97403
0.98701
1.00000

D(95%) for N=77

0.61355
0.62077
0.62794
0.63504
0.63504
0.63504
0.64908
0.64908
0.64908
0.65600
0.66964
0.68958
0.68608
0.69608
0.71514
0.72745
0.72745
0.76247
0.76247
0.77349
0.77349
0.77349
0.81417
0.83248
0.85350
0.87607
0.88297
0.89587
0.90762
0.92079
0.92323
0.9323¢9
0.95138
0.97229
0.97329

Best Fit :
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Deviation

0.05511
0.04934
0.04352
0.03764
0.02466
0.01167
0.01271
0.00027
0.01326
0.01933
0.01867
0.01172
0.01821
0.03119
0.02512
0.02579
0.03878
0.01675
0.02973
0.03171
0.04470
0.05768
0.02999
0.02466
0.01663
0.00705
0.01314
0.01322
0.01446
0.01427
0.02482
0.02865
0.02265
0.01472
0.02671

Lognormai
Maximum
Deviation

0.1230

Aliowable

Maximum

Deviation
0.1550

NORMAL

Normal
Cumulative
Probability

0.59145
0.59893
0.60637
0.61377
0.61377
0.61377
0.62845
0.62845
0.62845
0.63572
0.65012
0.67131
0.67825
0.67825
0.69871
0.71202
0.71202
0.75018
0.75018
0.76228
0.76228
0.76228
0.80730
0.82772
0.85121
0.87645
0.88415
0.89852
0.91155
0.92603
0.92869
0.93862
0.95874
0.97957
0.98050

Deviation

0.03301
0.02750
0.02195
0.01637
0.00338
0.00960
0.00791
0.02090
0.03389
0.03960
0.03819
0.02999
0.03603
0.04902
0.04155
0.04123
0.05422
0.02904
0.04203
0.04292
0.05591
0.06889
0.03685
0.02943
0.01892
0.00667
0.01195
0.01057
0.01053
0.00904
0.01936
0.02242
0.01529
0.00744
0.01950

Normal
Maximum
Deviation

0.1043



KS TEST

Contract #:

Mean
1.65

Order

W N O G b WN

SR BB BB DD AWWOWLEWW L0
SV RN 238N0 REBLEBENBRRNNRNNNGESIsarTadRN220

4779

Dev.
0.34

Time

1.05
1.15
1.15
1.17
1.47
1.18
1.22
1.23
1.27
1.27
1.32
1.33
1.33
1.33
1.35
1.35
1.35
1.37
1.37
1.38
1.40
1.40
1.42
1.43
1.43
1.43
1.43
1.45
1.48
1.48
1.48
1.48
1.82
1.52
1.83
1.53
1.53
1.55
1.55
1.85
1.57
1.60
1.62
1.62
1.63
1.63
1.65
1.65

PROCESSOR CYCLE

BORROW
County: Obion

# samples
88.00

Nondelay Lognormal
Cumuiative Cumulative
Frequency Probability

0.01136
0.02273
0.03409
0.04545
0.05682
0.06818
0.07955
0.09091
0.10227
0.11364
0.12500
0.13636
0.14773
0.15909
0.17045
0.18182
0.19318
0.20455
0.21591
0.22727
0.23864
0.25000
0.26136
0.27273
0.28409
0.28545
0.30682
0.31818
0.32955
0.34091
0.35227
0.36364
0.37500
0.38636
0.39773
0.40909
0.42045
0.43182
0.44318
0.45455
0.46591
0.47727
0.48864
0.50000
0.51136
0.52273
0.53409
0.54545

0.01768
0.04837
0.04837
0.05583
0.05583
0.06405
0.08283
0.09342
0.11701
0.11701
0.15831
0.17357
0.17357
0.17357
0.18954
0.18954
0.18954
0.20616
0.20616
0.22340
0.24121
0.24121
0.25955
0.27835
0.27835
0.27835
0.27835
0.29756
0.33699
0.33699
0.33699
0.33699
0.37737
0.37737
0.39776
0.39776
0.39776
0.41821
0.41821
0.41821
0.43866
0.47935
0.49948
0.49948
0.51941
0.51941
0.53909
0.53909

84

Deviation

0.00632
0.02564
0.01428
0.01038
0.00099
0.00413
0.00328
0.00251
0.01474
0.00337
0.03331
0.03721
0.02585
0.01448
0.01908
0.00772
0.00365
0.00161
0.00975
0.00387
0.00257
0.00879
0.00182
0.00562
0.00574
0.01711
0.02847
0.02062
0.00745
0.00392
0.01528
0.02665
0.00237
0.00900
0.00003
0.01133
0.02270
0.01361
0.02497
0.03634
0.02725
0.00208
0.01085
0.00052
0.00805
0.00331
0.00500
0.00636

g
0.2052

Normal
Cumulative
Probability

0.03955
0.07159
0.07159
0.07847
0.07847
0.08585
0.10214
0.11108
0.13062
0.13062
0.16416
0.17648
0.17648
0.17648
0.18937
0.18937
0.18937
0.20283
0.20283
0.21684
0.23140
0.23140
0.24649
0.26208
0.26208
0.26208
0.26208
0.27817
0.31172
0.31172
0.31172
0.31172
0.34692
0.34692
0.36505
0.36505
0.36505
0.38348
0.38348
0.38348
0.40218
0.44023
0.45948
0.45948
0.47883
0.47883
0.49824
0.49824

11/24/98

A
0.4806

Deviation

0.02818
0.04886
0.03750
0.03302
0.02166
0.01767
0.02260
0.02017
0.02834
0.01698
0.03916
0.04012
0.02875
0.0173%
0.01892
0.00756
0.00381
0.00171
0.01308
0.01043
0.00724
0.01860
0.01488
0.01064
0.02201
0.03337
0.04473
0.04001
0.01782
0.02918
0.04055
0.05191
0.02808
0.03945
0.03268
0.04405
0.05541
0.04834
0.05970
0.07106
0.06372
0.03704
0.02915
0.04052
0.03253
0.04389
0.03586
0.04722



Order

49
50
51
52
53

EE]
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Time

1.65
1.67
1.67
1.67
1.68
1.70
1.72
1.73
1.73
1.76
1.75
1.77
1.77
1.77
1.77
1.78
1.78
1.78
1.80
1.82
1.83
1.87
1.88
1.95
1.95
1.97
1.98
2.00
2.00
2.02
2.02
2.07
2.13
2.15
217
222
227
252
2.83
2.85

Nondelay

0.55682
0.56818
0.57955
0.59091
0.60227
0.61364
0.62500
0.63636
0.64773
0.65909
0.67045
0.68182
0.69318
0.70455
0.71591
0.72727
0.73864
0.75000
0.76136
0.77273
0.78408
0.76545
0.80682
0.81818
0.82955
0.84091
0.85227
0.86364
0.87500
0.88636
0.89773
0.90909
0.92045
0.93182
0.94318
0.95455
0.96591
0.97727
0.98864
1.00000

D(95%) for N =88

Lognormal
Cumulative Cumulative
Frequency Probability

0.53909
0.55848
0.55848
0.55848
0.57754
0.59623
0.61453
0.63240
0.63240
0.64982
0.64982
0.66678
0.66678
0.66678
0.66678
0.68324
0.68324
0.68324
0.69920
0.71465
0.72957
0.75782
0.77114
0.81914
0.81914
0.82985
0.84006
0.84977
0.84977
0.85901
0.85901
0.88400
0.91148
0.91741
0.92289
0.93781
0.95005
0.98442
0.99686
0.99712

Best Fit :

85

Deviation

0.01773
0.00970
0.02107
0.03243
0.02474
0.01741
0.01047
0.00396
0.01533
0.00927
0.02063
0.01504
0.02641
0.03777
0.04913
0.04403
0.05540
0.06676
0.06216
0.05808
0.05452
0.03764
0.03568
0.00096
0.01040
0.011086
0.01222
0.01386
0.02523
0.02735
0.03871
0.02509
0.00897
0.01441
0.02019
0.01674
0.01586
0.00715
0.00822
0.00288

Lognormal

Maximum

Deviation
0.0668

Allowable

Maximum

Deviation
0.1450

LOGNORMAL

Normal
Cumulative
Probability

0.49824
0.51764
0.51764
0.51764
0.53700
0.55628
0.57542
0.59439
0.59439
0.61314
061314
0.63162
0.63162
0.63162
0.63162
0.64981
0.64981
0.64981
0.66766
0.68514
0.70221
0.73503
0.75071
0.80822
0.80822
0.82122
0.83364
0.84550
0.84550
0.85678
0.85678
0.88723
0.92022
0.92719
0.93369
0.95051
0.96374
0.99423
0.99972
0.99977

Deviation

0.05858
0.05054
0.06191
0.07327
0.06527
0.05736
0.04958
0.04197
0.05334
0.04595
0.05732
0.05019
0.06156
0.07292
0.08428
0.07746
0.08882
0.10019
0.09370
0.08759
0.08188
0.06043
0.05610
0.00996
0.02132
0.01969
0.01863
0.01814
0.02950
0.02958
0.04094
0.02186
0.00023
0.00462
0.00949
0.00403
0.00217
0.01695
0.01108
0.00023

Normal
Maximum
Deviation

0.1002




REPOSITION CYCLE

KS TEST BORROW
Contract #: 4779 County: Obion 11/24/98
Mean  Stand. Dev. # samples € A
0.45 0.10 65.00 0.2175 -0.8182
Nondelay Lognormal Normal
Cumulative Cumulative Cumulative
Order Time Frequency Probability Deviation  Probability = Deviation
1 0.07 0.015638 0.00000 0.01538 0.00005 0.01533
2 0.27 0.03077 0.01030 0.02047 0.03132 0.00055
3 0.30 0.04615 0.03805 0.00810 0.06344 0.01729
4 0.30 0.06154 0.03805 0.02349 0.06344 0.00190
5 0.32 0.07692 0.06361 0.01331 0.08709 0.01017
6 0.33 0.09231 0.09864 0.00633 0.11677 0.02446
7 0.33 0.10769 0.09864 0.00905 0.11677 0.00908
8 0.33 0.12308 0.09864 0.02444 0.11677 0.00631

0.33 0.13846 0.09864 0.03982 0.11677 0.02169
0.33 0.15385 0.09864 0.05521 0.11677 0.03708
0.35 0.16923 0.14343 0.02580 0.15299 0.01624
0.35 0.18462 0.14343 0.04118 0.15299 0.03162
0.37 0.20000 0.19735 0.00265 0.19598 0.00402
0.37 0.21538 0.19735 0.01804 0.19598 0.01941
0.38 0.23077 0.25890 0.02813 0.24558 0.01481
0.38 0.24615 0.25890 0.01274 0.24558 0.00058
0.38 0.26154 0.25890 0.00264 0.24558 0.01596
0.38 0.27692 0.25890 0.01803 0.24558 0.03135
0.38 0.29231 0.25890 0.03341 0.24558 0.04673
0.40 0.30769 0.32597 0.01827 0.30123 0.00646
0.40 0.32308 0.32597 0.00289 0.30123 0.02185
0.40 0.33846 0.32597 0.01250 0.30123 0.03723

Nl\)l\)_x_s_x_\_n_s..n_n_‘_n(o
N =2 OO0 o0o~NOTO B WDN 2O

23 0.42 0.35385 0.39612 0.04228 0.36195 0.00810
24 0.42 0.36923 0.39612 0.02689 0.36195 0.00728
25 0.42 0.38462 0.39612 0.01151 0.36195 0.02267
26 0.42 0.40000 0.39612 0.00388 0.36195 0.03805
27 0.43 0.41538 0.46690 0.05151 0.42636 0.01097
28 0.43 0.43077 0.46690 0.03613 0.42636 0.00441
29 043 0.44615 0.46690 0.02074 0.42636 0.01980
30 043 0.46154 0.46690 0.00536 0.42636 0.03518
31 0.47 0.47692 0.60166 0.12474 0.55944 0.08252
32 0.47 0.49231 0.60166 0.10936 0.55944 0.06713
33 0.48 0.50769 0.66239 0.15470 0.62444 0.11675
34 0.48 0.52308 0.66239 0.13931 0.62444 0.10136
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35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

65

0.48
0.50
0.50
0.50
0.50
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.53
0.53
0.53
0.53
0.53
0.53
0.55
0.55
0.55
0.55
0.57
0.57
0.57
0.57
0.57
0.58
0.58
0.58

0.53846
0.55385
0.56923
0.58462
0.60000
0.61538
0.63077
0.64615
0.66154
0.67692
0.69231
0.70769
0.72308
0.73846
0.75385
0.76923
0.78462
0.80000
0.81538
0.83077
0.84615
0.86154
0.87692
0.89231
0.90769
0.92308
0.93846
0.95385
0.96923
0.98462
1.00000

D(95%) for N =88

0.66239
0.71731
0.71731
0.71731
0.71731
0.76596
0.76596
0.76596
0.76596
0.76596
0.76596
0.76596
0.76596
0.80828
0.80828
0.80828
0.80828
0.80828
0.80828
0.84449
0.84449
0.84449
0.84449
0.87499
0.87499
0.87499
0.87499
0.87499
0.90036
0.90036
0.90036

Best Fit :
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0.12393
0.16346
0.14808
0.13269
0.11731
0.15058
0.13519
0.11981
0.10443
0.08904
0.07366
0.05827
0.04289
0.06982
0.05444
0.03905
0.02367
0.00828
0.00710
0.01372
0.00167
0.01705
0.03244
0.01731
0.03270
0.04808
0.06347
0.07885
0.06887
0.08426
0.09964

Lognormal
Maximum
Deviation

0.1635

Allowable

Maximum

Deviation
0.1687

NORMAL

0.62444
0.68608
0.68608
0.68608
0.68608
0.74292
0.74292
0.74292
0.74292
0.74292
0.74292
0.74292
0.74292
0.79389
0.79389
0.79389
0.79389
0.79389
0.79389
0.83832
0.83832
0.83832
0.83832
0.87599
0.87599
0.87599
0.87599
0.87599
0.90705
0.90705
0.90705

0.08598
0.13223
0.11685
0.10146
0.08608
0.12754
0.11215
0.09677
0.08138
0.06600
0.05061
0.03523
0.01984
0.05542
0.04004
0.02466
0.00927
0.00611
0.02150
0.00755
0.00783
0.02322
0.03860
0.01631
0.03170
0.04708
0.06247
0.07785
0.06218
0.07757
0.09295

Normal
Maximum
Deviation

0.1322
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