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ABSTRACT

Highway Routine Maintenance Cost
Estimation for Nevada
by

Monika Hagood

Hualiang (Harry) Teng, Ph.D., Examination Committee Chair
Associate Professor of Civil and Environmental Engineering

University of Nevada, Las Vegas

State highway agencies are obligated to maintain existing roads for the highway
systems to work efficiently and with greater longevity. Every year NDOT is responsible
for approximately 13,150 lane miles of existing infrastructure. With that in mind,
resources need to be provided to maintain the highway system.

The purpose of this research was to estimate annual routine maintenance cost for
several typical treatment methods of highways. Five prioritization categories of highways
used by NDOT were considered. Linear regression models were developed that present
the relationship between costs including total maintenance cost and five maintenance cost
components: labor, equipment, materials, manpower and stockpile, and the influencing
factors: traffic load, road geometry, pavement structure, and climate. It was expected that
the cost model depends on various roadway factors including elevation, number of lanes,

age of the pavement, last year of pavement construction work, average daily traffic



(ADT), number of trucks, single axial load (ESAL), district work done, and weather
conditions.

This research undertook the following steps: data review, data correlation check,
and ordinary least square regression analysis. Data used for the analysis was extracted
from NDOT pavement management system. Five NDOT prioritization categories were
used for data processing and the analysis. The regression models incorporated the same
parameters used in the NDOT pavement management system; therefore they can be
simply combined with the existing database.

The analysis conducted in this study indicates that road age is a noteworthy factor
for a number of life cycle segments and several maintenance cost activities. The life cycle
segments varied with each prioritization category including routine maintenance
activities and their schedule. For segments where the roadway age does not appear to be
significant, the routine maintenance cost estimate stays constant. Routine maintenance
activities may be scheduled at the times that are close to the time when a preventive
maintenance or reconstruction is scheduled. This practice is reflected in the cost model
that the annual maintenance cost may decline with time and suddenly increase at the end
of their life cycle stages.

Lastly, recommendations have been made to provide fundamentals for future
study needs. Several research needs in the cost estimation model are apparent from this
assessment. These include additional information regarding cost model development
using various statistical tools, periodical data update, use of a larger sample size, and
different approaches for constructing prioritization categories life cycle. Also, historical

data should be updated constantly due to changes in the material and construction



technology. Further, the construction technology might require more or less steps with
certain treatments like chip seal or flush seal. Thus, it is recommended to update the data

as major construction or material technology is implemented in the routine maintenance

work.
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CHAPTER 1

INTRODUCTION

1.1 Problem Statement

There is an overwhelming amount of highway routine maintenance work to be
done; however, the budget available to obtain a higher standard of infrastructure facilities
is limited. In this situation, agencies in many states have had to take dramatic cost cutting
actions effectively to be more resourceful maintaining roadway works. For instance,
Nevada Department of Transportation (NDOT) has introduced reduction plans to their
employees and limited the use of private contractors. Likewise, the Florida department
of Transportation (FDOT) offered new plans for maintenance cost reduction (Panthi,
2009). The use of private contractors by FDOT was decreased to seventy four percent in
2003. The managers have reevaluated the cost for certain work between private firms and
their in-house workforce. They noticed that the use of private firms is sometimes less
expensive than the use of their own workers (Panthi, 2009). Thus, prediction of
maintenance cost is very crucial to maintain budgets effectively. The intention of this
study was to focus on highway routine maintenance cost estimation which should help
agencies like NDOT to forecast their financial plan.

According to Parkman (2003), pavement modeling such as deterioration models is
a good basis for reliably managing pavement performance. However, many of the models
do not consider uncertainty associated with the selection of independent factors in their
analysis. Furthermore, some of the variables are being omitted when used in the analysis

or limitation occurs (Volovski, 2011).



Most infrastructure organizations have a need for yearly investigation of
maintenance budget requirements. In highway routine maintenance, to achieve driver’s
level of comfort is directly related to maintenance cost. Therefore, it is essential to
develop a model that can take into account routine maintenance activities over the life
cycle of pavements. Modeling for highway routine maintenance cost requires a great
understanding of pavement conditions and its lifetime, as well as prioritization of the
routine maintenance work to be done. Furthermore, the knowledge of expenditure and
maintenance activities is crucial for model development. For these reasons, further in-
depth analysis of routing maintenance data should be conducted by using methodologies
that have not been considered previously. This research study is designed to calibrate
models to estimate the costs of highway routine maintenance. The ordinary least square
analysis was performed to identify the significant factors (weather, elevation, district, age
of pavement, etc.) influencing the routine maintenance cost. The results from the analysis

are expected to be implemented by NDOT.

1.2 Background

The first bituminous roads were built in 1906 and followed by the Portland
Cement Concrete roads in 1909 located in Wayne County, Michigan. From the beginning
to the middle of nineteenth century, many researches worked on pavement improvement
and design for various agencies such as the Highway Research Board and AASHTO.

The year 1966 was the breakthrough in technology and the pavement as a field
was initiated. In 1968, the system approach was proposed for pavement management

(Hudson 1968, Hutchinson 1968, Wilkins 1968). In late 1960 and beginning of 1970,



definitions for pavement management systems were developed and the full range of
pavement activities began to be associated with pavement management (Haas 1970).
After that, many state and local agencies found interest in pavement management and
started to implement this concept in infrastructure projects. Over the years, extensive
studies were conducted and they were included in the two North American Management
Conferences in 1985 and 1987 (NA Conf. 1985, 1987) and later in the ASTM
Symposium (Hudson 1992).

According to Hudson, Haas and Zaniewski (1994), the function of the pavement
varies with the specific user in modern highway facilities. It was stated that the purpose
of the pavement is to serve traffic safely, comfortably, and efficiently, at a minimum or
reasonable cost. Having large investments, especially with new technology implemented,
even small improvements might be cost effective. It is crucial to protect road
infrastructure by properly maintaining roads and not allowing for high deterioration of
the roadway, thus allowing for safety of the drivers.

Maintenance cost model development is one of the most challenging tasks that
many agencies deal with. The prediction of costs was studied and developed extensively
in the past which resulted in various techniques and approaches adopted by states and
organizations. The topic of maintenance cost estimation became popular in 90’s, where
more roadways were developed, thus creating more maintenance needs. Further, a higher
cost of maintenance had to be spent by the agencies, creating a need for a more economic
approach. In 1990, Gibby et al. introduced a new statistical analysis approach
implementing regression analysis to develop models allowing for better spending

expectation in highway maintenance. In their study, highway geometric and



environmental factors were considered for maintenance cost forecasting. In the late 90’s,
a study (Sebaaly et al., 2000; Hand, 1995) was conducted for the state agency NDOT
pertaining to cost estimation of maintenance by introducing four techniques. These four
techniques introduced do not include various roadway characteristics such as traffic load
and road functional classification. However, it is reasonable to use roadway
characteristics since it can provide an objective basis for identifying current needs and
estimating future needs. In 1994, Hudson, Haas, Zaniewski proposed their modern
pavement management; however, their research did not include regression analysis. In
recent years, Annani (2008) focused also on cost model development by presenting five
approaches: PMS direct approach, ‘simple roughness’ approach, econometric approach,
cost allocation approach, and ‘perpetual overlay’ indirect approach. In Annani (2008),
environmental and geometric factors of the roadway were incorporated. Some of the
approaches use regression analysis to model maintenance cost.

There were not many studies conducted on routine maintenance cost estimation.
Most of the studies are on the preventive or rehabilitation maintenance cost model. Thus,
there is a need for a study on developing models on estimating routine maintenance costs.
These models will aid agencies in forecasting and better management of the routine

maintenance budget.

1.3 Research Objectives and Expectation

The objective of this study was to develop highway routine maintenance models

that can aid highway agencies to estimate the cost of pavement maintenance.



The scope of this study covers development of routine maintenance cost
estimation models. Nevada Department of Transportation provided the pavement
condition data used for model development. The raw data was extracted and used for
analysis. The samples of roads were selected and time-space diagrams were generated to
find the road sections being homogenous. From those sections, road characteristics data
was collected and used in analysis.

This research consists of six chapters. The first chapter is an introduction to the
maintenance cost development that reflects research goals and discusses the need for
model development. The second chapter reviews existing literature on cost model
development. It examines how the literature is related to the cost model development and
leads to generating the methodology that addresses issues associated with cost estimation.
The third chapter describes the methodology for developing linear regression models.
Chapter four is focused on data development and processes including life cycle pavement
development and discussion of prioritization categories. It presents performance data
recorded and kept by the state highway agency. Chapter five includes detailed
descriptions of data analysis using obtained models. This chapter is divided into five
sections associated with prioritization categories. Chapter six concludes all the findings
presented in this study based on the performed analysis. In addition, this chapter covers

future study needs and recommendations that were drawn from this study.



CHAPTER 2

LITERATURE REVIEW

2.1 Maintenance Management Process

Maintenance management process ensures the success of maintenance in an
organization, and determines the effectiveness of the subsequent implementation of the
maintenance plans, schedules, controls and improvements. Maintenance plans include
philosophy, maintenance workload forecast, capacity and scheduling while maintenance
organization involves work design, standards, work measurements, and project
administration. Maintenance control includes works, materials, inventories, costs, and
quality oriented management (McKiernan, 2012).

The process of maintenance management has its beginnings in early 1960’s and
was established based on the DeLeuw and Roy Jorgensen model. “It is an activity-based
work planning and budgeting approach that plans, schedules, assigns, performs and
evaluates work. It builds work cost and performance standards and identifies resources
needed to do the work (McKiernan, 2012).”

The maintenance management is an organized method that controls what work
needs to be done, determines the timeframe of the work, labor, equipment, and material
resources, and projects the cost of the work to be done. According to McKieran (2012),
maintenance management helps agencies meet directives and accountability
requirements, explains resource and economic needs. Proper maintenance management

can reduce costs up to 20% per year. In general, maintenance management consists of



four stages: planning, organizing, directing, and controlling. All those stages are

presented in detail in Figure 2.1.

Figure 2.1 Maintenance Management Model

According to Transportation Research Circular (2012), pavement maintenance
decisions need to consider the following factors: selection of alternative treatments,
present serviceability of the pavement, likely performance of alternative treatments,
required life of pavement, costs, traffic flow, effects on road user, and availability of
resources. All those variables are crucial for effective development of pavement
maintenance strategies.

According to the Ontario Ministry of Transportation, maintenance is divided into

maintenance rehabilitation, routine maintenance, and major maintenance.



Table 2.1 Rehabilitation and Maintenance Division used in Ontario

Flexible

Rigid

Rehabilitation

Hot-Mix Resurfacing

Partial Depth Removal & Resurfacing
Inplace Recycling

Full Depth Removal & Resurfacing

Cold-Mix with Sealing Course

Surface Treatments
Pulverization, Rombcing &

Resurfacing

Unbonded Concrete Overlays
Bonded Concrete Overlays
Subsealing

Slab Jacking

Surface Texturization
Cracking and Sealing (with

Resurfacing)

Widening and Shoulder Retrofits

Routine

Maintenance

Potholes

Roadside Maintenance
Drainage Maintenance
Localized Spray Patching
Localized Distortion Repair

Minor Crack Sealing

Potholes

Spail Repairs

Blow Ups

Localized Distortion Repair

Minor Ckrack and Joint Sealing

Major

Maintenance

Rout and Seal Cracks
Hot-Mix Patching
Surface Sealing

Asphalt Strip Repairs

Distortion Corrections
Drainage Improvements
Frost Treatments

Roadside Slopes and Erosion Control

Full Depth Joint Repairs

Full Depth Stress Relief Joints
Resealing Joints and Resealing Cracks
Full Depth Slab Repair

Milling of Stepped Joints and

Distortion




Table 2.1 illustrates the distribution of maintenance work and activities for flexible and
rigid pavements.

The Nevada Department of Transportation (NDOT, 2011) has defined highway
maintenance as “the preservation of roadway facilities in a safe and useable condition.”
It divided maintenance into the following categories:

1. Routine maintenance — maintenance done daily to the highway infrastructure and

any activities to keep vehicles moving in a safe and efficient manner.

2. Capital improvements — any work that will postpone deteriorations or extend the

life of the highway system.

3. Emergency activities — work done due to accidents and natural disasters to

stabilize and restore traffic.

The Federal Highway Administration defines routine maintenance as any
maintenance activity that includes any planned and routine work to keep the condition of
the highway infrastructure in a good condition and to keep the level of service suitable.
The purpose of routine maintenance is not to increase capacity, increase strength, or
reduce aging, but to reestablish serviceability. Typical routine maintenance activities are

presented in Table 2.2.



Table 2.2 FHWA Routine Maintenance Categories

Increase Increase Reduce Restore

Type of Activity Capacity Strength Aging | Serviceability

New Construction X X X X

Reconstruction X X X X

Major (Heavy)

Rehabilitation X X X

Structural Overlay X X X

Minor (Light)

Rehabilitation X X
Preventive
Maintenance X X
Routine Maintenance X
Corrective
Maintenance X

Catastrophic

Maintenance X

2.2 Pavement Management System (PMS)

Pavement management system (PMS) is used in pavement management. It is a

tool for collecting, analyzing, maintaining, and reporting pavement data to help agencies

10



develop the best possible strategy to maintain pavements with longevity and cost
efficiency. This tool provides possible outcomes of alternative decisions (the
Transportation Research Circular, 2012). PMS mainly contains models used to predict
pavement performance in the selection of the optimum maintenance and rehabilitation
strategy. It includes models to produce expected pavement deterioration which is usually
developed based on the historical data for pavement condition. PMS is also defined by
the U.S. Department of Transportation (2005) as “a system that provides information for
use in implementing cost-effective reconstruction, rehabilitation, and preventive
maintenance programs and results in pavement design to accommodate current and

forecasted traffic in a safe, durable, and a cost-effective manner”.

2.3 Maintenance Prioritization Categories

According to Venukanthan, et al (2001), NDOT has developed network
optimization software (NOS) which was to prioritize various rehabilitation and
maintenance techniques. Based on the prioritization recommendations, maintenance cost
model was developed. Since new software was created, the old models introduced in
1991 had to be replaced with new models. In the past, those models were developed
based on the function of the roadway performance criteria only. Factors such as
materials, maintenance total hours or equipment were not included in modeling.

In NDOT, PMS was created in 1980, to improve various aspects of data collection
and characteristics of procedures. It is expected that this system should advance with
experience as technology develops. Management of NDOT maintenance prefers the use

of mill and thin HMA overlays in various road categories over major rehabilitation or

11



reconstruction. The agency has developed five maintenance prioritization categories,
each with different maintenance strategies over different life cycles. Table 2.3 lists the

characteristics of these categories.

Table 2.3 NDOT Highway Roadway Prioritization Categories

Road Total Percent of Annual Rate
Prioritization Two Directional Lanes Road Life-Cycle | of Deterioration
Category ADT and ESAL Miles Network in Years in Lane Miles

Controlled Access

1 2,469 19 8 258

ESAL>540 or

2 ADT>10,000 2,519 19 10 252

540>=ESAL>405 or
1600<ADT<=10,000

3 +NHS 2,800 21 12 233

405>=ESAL>270 or

4 400<ADT<=1,600 1,921 15 15 128
5 ADT<=400 3,387 26 20 170
TOTAL 13,096 100 1,041

It can be seen from Table 2.3 that Category 1 has the shortest pavement life cycle and has
to be reconstructed after 8 years. Category 4 accounts for 15 percent of total roadway
infrastructure. Category 2 and 3 life cycle is 10 and 12 respectively. Category 3 covers

more road network than Category 2. Category 5 covers the most of road network

12



resulting in 3,387 lane miles and at the same time has the longest pavement life cycle of
20 years. Because each category holds different longevity of roadway surface, it is crucial

for NDOT to develop prioritization categories for pavement management.

2.4 Maintenance Cost Model

Maintenance cost model development is a difficult task. The prediction of cost varies
by states and organizations. Numerous tools were used in maintenance cost development
and different results were proposed. The Ministry of Ontario developed cost models
based on the pavement service life and deterioration models (MTO, 1990). The cost of
the actual work is calculated based on unit costs plus volume, mass or area involved.
Many agencies like Ontario ministry of Transportation (MTO) or the Asphalt Institute
have developed manuals with necessary calculations and detailed examples (Haas et al.,
1994). The cost of actual work is calculated using present cost:

Present Cost = Future Cost x PWF
where:
PWF = present worth factor (2.2)
n = number of years to the rehabilitation implementation
i = discount rate (usually 8%)
The vehicle operating cost is calculated using data from Table 2.4. The data is based on

the average daily traffic, years of deferral, and differences in PSI.

13



Table 2.4 Vehicle Operation Cost per Mile

Years of | Difference in PSI | AADT Annual Extra Accum. Extra Veh.
Deferral Vehicle Operating Cost
Operating Cost (P.W. Basis $1,000)
$1,000
1 -1.5 5,000 27 26
2 -1.8 5,000 47 66
3 2.1 5,000 66 118
4 -2.4 5,000 89 184
1 -1.5 10,000 55 o1
2 -1.8 10,000 95 132
3 2.1 10,000 131 236
4 -2.4 10,000 179 368

The user delay cost model was developed based on queuing theory, traffic handling
methods, and variables such as: type of facility, traffic volume, length, and time of the
day. In many agencies, this cost was incorporated directly into pavement management
system as an option since it was not a part of the agency’s budget. The Table 2.5isa

representation of user delay cost for maintenance.
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Table 2.5 Vehicle Operation Cost per Mile

USER DELAY COST
AADT $/DAY
<10000 Insignificant
10,000-15,000 125
16,000-20,000 350
21,000-23,000 600
24,000-25,000 1,100
26,000 1,950
27,000 3,300
28,000 5,950
29,000 10,650
30,000 19,500
31,000 34,800
32,000 57,000
33,000 88,150
34,000 130,850
35,000 180,150
36,000 238,125
37,000 307,650
38,000 388,000
39,000 483,500
40,000 609,500
>40,000 700,000
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The calculation of maintenance cost included in cost estimation is described by Haas et
al. (1994) as cost-effectiveness (CE). The CE is based on the net area under performance

or deterioration curve and it is presented in the following equation:

Effectiveness =
PQIg=PQly REHABygars
> (PQl, —PQl,,) —( > (PQl,, —PQI, )J [ADT]- [LENGTH gecrion ]
REHABgar PQIN=PQly
(2.2)
where

PQI ;= Pavement Quality Index (PQI) after rehabilitation and for each year until
PQI,, is reached,
PQI,, = minimum acceptable level of PQI, and

PQI, = yearly PQI from the needs year to the implementation year.

Chong (1989) has introduced another approach in development of maintenance

cost which includes two calculations:

Unit Cost = Cost of (Total hours + Equipment + Materials)/Accomplishment or
Production per Day (2.3)
and

Average Annual Cost = Unit Cost/ Expected Life (Years) of the Treatment

Alternative. (2.4)
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The treatment alternative with the lowest average annual cost would represent the desired
result (Chong, 89).

According to Anani (2008), the maintenance cost is established for any
maintenance activities by restoring original pavement condition from its critical state.
For instance, highway roads are heavily occupied by light or heavy vehicles, which lead
to pavement deterioration. Extreme weather or other environmental conditions add to the
roadway corrosion as well. Thus, the highway infrastructure should be rebuilt
continuously using roadway maintenance techniques. In general, the maintenance cost is
mainly based on the costs resulting from an additional unit of traffic loading. Anani
(2008) classifies the maintenance costs models into five approaches: PMS direct
approach, ‘simple roughness’ approach, econometric approach, cost allocation approach,
and ‘perpetual overlay’ indirect approach. Only two of them were considered for this
study; PMS and econometric approaches. The other two approaches were considered to
be theoretical and have not been tested yet. The PMS approach includes historical data
for the roadway system, pavement performance model, and traffic usage. The second
approach involves developing functions that connect total routine maintenance cost with
variables reflecting traffic load, road geometry, pavement structure or climate.

In Gibby et al. (1990), regression analysis was introduced in highway
maintenance cost development. With this approach, impact of heavy trucks on
maintenance cost was studied. More than 1,100 mile sections of highway were randomly
sampled which illustrate a wide range of the sample size. The collected data was first
collected and pulled together. The variables included in the study are: annual average

daily traffic (AADT) of heavy trucks and passenger cars, labor and material costs, age of
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pavement, presence or absence of a shoulder, temperature, location maintenance,
existence of bridges, functional classification, and the districts where a pavement section

was located. The model developed in Gibby et al. (1990) is:

TotalCost = S, (HT _ AADT)” (P & L _ AADT)”* (AGE)”* (AATEMP)”* (SHOULDER)"*...

(e NOSHOULDER' ) By (e MOUNTAIN' )ﬁg (e BRIDGE' )ﬂg (e MNCOLLCTR' ) Pro (e DISTRICT 2" ) B (e DISTRICT1L' )ﬁlz

(2.5)

Table 2.6 Variables in a Regression Model to Estimate Total Annual Maintenance Cost

Variable Description

TOTAL_COST The department variable. Total pavement maintenance cost for one-

mile section during the three fiscal years 1984-1987, in dollars

HT_AADT AADT for “heavy” trucks, defined as trucks with at least 5 axles

P&L_AADT AADT for passenger cars and “light” trucks

AGE Pavement age, defined as the time since last major pavement work,
in years

AA_TEMP Average annual temperature, in Fahrenheit

SHOULDER Shoulder width, in feet

NO_SHOULDER’ | Dummy variable (1=no shoulder; O=shoulder)

MOUNTAIN’ Dummy variable (1=Mountain climate; 0=not Mountain climate)

BRIDGFE’ Dummy variable (1= entirely bridge section; O=at least part of the

section not a bridge)

MN_COLLCTR’ | Dummy variable (1= minor collector; 0= not minor collector)

DISTRICT2’ Dummy variable (1=Caltrans District 2; 0= not District 2)

DISTRICT11’ Dummy variable (1= Caltrans District 11; 0= not District 11)
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Table 2.6 represents the variables used in regression analysis that led to final model
development. The study revealed that the maintenance cost for carrying trucks was
significantly higher than the cost of carrying passenger vehicles. This discovery had

implications in transportation procedures and tax system.

In the late 1990s, Sebaaly et al., (2000) and Hand, (1995) conducted studies for
NDOT on estimating maintenance cost. Four techniques were considered in their studies:

1. Connecting annual maintenance costs to Present Service Index (PSI) levels.

2. Linking annual maintenance costs to the probability of their occurrence.

3. Creating an overall annual maintenance cost for each treatment.

4. Instituting a fixed period cumulative annual maintenance cost for each treatment.

In the first method, the Present Service Index (PSI) levels characterize pavement
performance. This method was introduced due to variation of maintenance nature and its
activities caused by pavement conditions. For instance, not every treatment in
maintenance activities is used each year, thus making the maintenance cost oscillate
considerably. The second method considers the probability of the occurrence of
maintenance activities. The third method is based on the life cycle of the pavement. It
calculates the yearly cost of pavement restoration after the treatment being applied.
Overall, the calculations represent average annual maintenance cost. This cost includes
the annual total maintenance cost occurring before the next maintenance treatment. The
fourth method considers the time since the last treatment. These four methods were not
based on the regression analysis. Also, these methods do not include roadway
characteristics such as traffic load and road functional classification. Those

characteristics are critical in determining the pavement conditions and maintenance costs.
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The reason for including roadway characteristics in the modeling is to provide an
objective basis for identifying current needs, estimating future needs, to provide
consistency between sections and classes of pavement, and to effectively interpret current
and future work (Haas et al., 1994).

Volovski (2011) has developed two models to aid agencies in prediction of
annual routine maintenance costs. These models are as follow: annual maintenance
expenditure (AMEX) and average annual maintenance expenditure (AveAMEX). To
develop those models econometric techniques were used. The Indiana pavement
segments were used accounting for 90% of the 11,300 centerline miles. The data used for
the analysis include location, size, surface type, rehabilitation history, traffic volumes,
functional classification, climate, and pavement condition. The response variable
included in their model is continuous and censored at zero without upper bound. Four
modeling approaches were taken in this study: Ordinary Least Squares, Tobit, 2-Stage
Discrete/Continuous and Panel data modeling. The variables included in their research
are: age of pavement, AADT, number of vehicles, average annual precipitation, urban
arterial, reconstructed road, new road, length of pavement segment, and number of lanes.
Data from year 2005 and 2006 were used and they were presented as 0 or 1 in their

analysis. The equation used in the ordinary least square (OLS) analysis was:

Vi = Lo + B+ BoXy +o+ BX, +& 1=12,---n (2.6)
Where, X is the independent variable and y, is the dependent variable. B is a vector of
parameters and y, is continuous from - « to o, and ¢; is the random error that is
typically assumed to be normally distributed. The equation incorporated in AMEX Tobit

modeling was as follow:
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Yi =X +& (2.7)

Where,
i=12,---n
y,=0if y, =0
y, =Y, if y, >0

In both statistical analyses, the dependent variable was a square root of the annual
maintenance expenditure. For AveAMEX analysis, slightly different variables were used
such as: length of pavement segment, AADT for the pavement segment, age, and percent
of commercial vehicles, rural, number of wet days, pavement replacement, new road, and
rigid pavement. It is unknown if those variables in each model were statistically
significant and to what level. Also, it is unknown if the data was normally distributed in
the analysis. In the conclusions of their study, it was stated that OLS provided too many
outcomes resulting in zero, the Tobit model produced intuitive results and good overall
fit, 2-Stage discrete/continuous model unreliable, and Panel Models is not practical for
application. AveAMEX resulted in fewer outcomes with zero which leads to better OLS
model representation. In addition, AveAMEX modeling exhibited high impact of data in

district boundaries.

2.5 Literature Review Summary

Based on the review of the literature, it can be seen that a variety of scholarly
work on pavement cost estimate modeling has been performed. Most studies focused on

the preventive or rehabilitation maintenance cost model. Some studies illustrate different
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divisions of maintenance activities. In addition, various variables in works were
incorporated in modeling or some of the models had region specific variables, which
couldn’t be fully applied in another demographic area. For instance, Volovski’s work
incorporated location, size, surface type, rehabilitation history, traffic volumes, functional
classification, climate, and pavement condition variables. Gibby included in his work the
following variables: annual average daily traffic (AADT) of heavy trucks and passenger
cars, labor and material costs, age of pavement, presence or absence of a shoulder,
temperature, location maintenance, existence of bridges, functional classification, and the

districts.
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CHAPTER 3

METHODOLOGY
The purpose of this study is to develop cost estimation models for routing
highway maintenance. To achieve this objective, the following procedure is followed:

literature review, data collection, model calibration, analysis, and conclusions.

3.1 Literature Review

The purpose of reviewing existing literature was to find any scholar work
regarding the subject matter this study was focused on. There were not many studies
conducted on the routine maintenance cost model development. Most studies focused on
the preventive or rehabilitation maintenance cost model. Some studies illustrated
different divisions of maintenance activities. For instance, NDOT grouped maintenance
in three categories: routine maintenance, capital improvements, and emergency activities.
In some studies, maintenance was classified into strategies such as: rehabilitation, routine
maintenance, and major maintenance, example of which is Ontario. Only one study was
found that the routine maintenance cost estimation was investigated using ordinary least
square (OLS) analysis. However, the variables used in that study were limited.

The literature review showed PMS has been used in pavement management, and
PMS mainly contains models used to predict pavement performance in selecting the
optimum maintenance strategy. The database in PMS has been used for cost model

development.
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The review of the literature illustrated the wide range of statistical analysis used
for the cost model development. Some works used more variables in analysis than others.
Some studies used demographic area, which make it difficult to apply their models to

other places.

3.2 Data Collection

In this study, the data collected for a previous research project conducted for
NDOT (Teng, 2011) was used. In this preceding study, the raw data from NDOT PMS
database was extracted to develop highway maintenance cost models. Several models
were developed, one model for each routing maintenance prioritization category of
roadways. The data from 2007 to 2012 were used in modeling. Each prioritization
category of roadway has different assumed pavement life cycles with different
maintenance treatment (see Figure 3.1). For the roadways in Category 1 and 2, 1"-1.5"
Cold Mill, 2"-2.5" Hot Mix Asphalt (HMA) overlay, and Open-graded Friction Course
(OGFC) are assumed to apply after eight and ten years, respectively. The maximum
thickness of the overlay is considered in the analysis. In addition, shoulder seal treatment
will be performed for Category 1 after 4 years and for Category 2 after 5 years. In
general, the stated treatment will be performed for both categories of roadways midway
through their life cycle. Unlike Categories 1 and 2, the roadways in Category 3 are
provided with more treatments in the assumed lifecycle of the pavement such as: flush
seal one time, chip seal twice, finishing with 2" HMA overlay and OGFC. The roadway
in this category is assumed to have a life of 12 years. The roadways in Category 4 are

assumed to be similar to Category 3 with respect to the treatment having chip seal
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repeated after four years and a longer life cycle of 15 years. Moreover, in Category 4, the
final treatment has the option of OGFC or chip seal to be executed. Exceptionally, the
roadways in Category 5 have the longest service life of 20 years and having all surface

treatment applied as necessary. They are finished with 2" HMA overlay and chip seal.

e} 1 2 a 4 & & T 8 - 10 1 12 13 14 15 18 7 18 19 20
Galegary 1 {= 1 | | |
B Year Cycle l
Shouldar Seal 1.07 to 1.8" Cold Mill. Shouider Seal 1.0% 115 1.57 Cold Mill. Shoulder Seal
2.0" ta 2.5" "HMA Overlay, and “0GFC 2.0" 16 25" "HMA Overay, ant "OGFC
Category 2 | |
10 Yaar Cycle 1
Shoulder Saal 1.0" to 1.5 Cold Mill, Shoulder Saal 1.0 to §.5" Cold Ml
2.0%1e 2,57 "HMA Ovariay, snd OGFC 2.07 o .57 "HMA Qveriay. and QGFC
Category 3
12 Year Cycle | | J | | !
v i
Flush Seal Chip Seal | 20" "HMA Ovarlny Flush Sual Chip Seal
and “0GFC
Category 4
15 Year Cycle
v
Flush Seal Chip Seal Chip Saal 2.0" "HMA Dverlay Flush Saal
and “OGFC or Chip Seal
“Caregurys
20 Year Cycle I
2.0" "HMA Ovorlay and Chip Seal
a 1 2 3 4 T 8 . 10 " 2 13 14 15 16 17 18 18 0

Time in Years

* Ceitegory b roads are maintaingd by applying preventive maintenance surface treatments and applications
lhroughout the pavement service life as necessary,

¥ HMA Ovestay = Hot Mix Asphatl Oweray
Coaro= Open-gmded Fricllon Course

Figure 3.1 Prioritization Category Life Cycles.

It can be seen that the life cycle for the roadway in Category 3 has been divided into three
stages: After reconstruction, After Flush Seal, and After Chip Seal. Likewise, four life

cycle stages were included for the roadways in Category 4: After Reconstruction, After
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Flush Seal, After First Chip Seal, and After the Second Chip Seal. The roadways in
Category 5 have the same stage as Category 3 but for simplicity they were renamed as
5.1,5.2, and 5.3. In addition, a 16 year service life has been chosen for Category 5 due to
having its treatment applied whenever required. These life cycle and stages have been
used in data collection.

In extracting data for modeling, the first step was to select a sample road from the
road inventory and then generate a timeline diagram with history of maintenance
activities. The second step was to find the road sections having homogeneous
characteristics by employing the time-space diagrams. The road sections should have the
same time series of maintenance treatments. It was assumed that each of these sections
used the same maintenance treatment, having unchanged road characteristics and uniform
traffic load over the entire road sections. In the third step, homogenous sections were
selected. From those sections, road characteristics data was collected and used in

analysis.

3.3 Data Analysis

Econometric models were used to estimate routine maintenance cost. According
to Edward E. Leamer (2008), econometrics uses observational data to study economic
hypothesis rather than experiment data. Econometric methodology allows estimating
models and investigating their observed results without directly manipulating the system.
The fundamental tool presented in econometric analysis is Ordinary Least Square (OLS)

that is described in detail later in this chapter.
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It is hypothesized that the routine maintenance cost is dependent on various
roadway factors such as: elevation, number of lanes, age of the pavement, last year
pavement construction work, average daily traffic (ADT), number of trucks, single axial
load (ESAL).

Linear regression models were developed for each life cycle stage of five different
maintenance prioritization categories classified by NDOT. The ordinary least squares

(OLS) models can be written as:

Y, =5 + X + L%y ++ B X +&, (1=12,.,n) (3.2

E(ei)=0, Var (gi)=€?, V i
E(ei, g)=0, Vi#]
cov(Xi, &)=0 for all i and j
&i is normally distributed, V i
where f's are unknown parameters to be estimated and ; is the unobserved error term

with certain properties (Hayashi, 2000). The X’s are deterministic. The variables for X’s
are as follow: elevation, number of lanes, age of the pavement, last year pavement
construction work, average daily traffic (ADT), number of trucks, single axial load
(ESAL), while the variables for y’s are stockpile, labor cost, total hour cost, equipment
cost, material cost and total cost.

The statistical software package STATA was used in performing the analysis of
this study. All multivariate regression analyses were performed using the STATA
programming language. The software used for the regression analysis was STATA 12.1

(64-bit version) which was developed to perform statistical analyses of data and complex
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data management. The purpose of using this program was to avoid the error-prone
computations. Further, the software contains complex statistical tools that enormously

aided this research.
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CHAPTER 4

DATA COLLECTION

4.1 Data Sample and Development

Each year state agencies collect data pertaining to roadway conditions and update
their pavement management system (PMS). The major function of PMS is to develop
pavement management alternatives based on the condition of the pavement. The purpose
of data collection was to extract maintenance cost, pavement and traffic data to develop
routine maintenance cost models.

Data used for analysis in this study was collected in a research project sponsored
by NDOT. Five steps were followed in data collection presented in Figure 4.1.1 (Teng,

2011).

Selec a sample mad saction fom
Road Inveniory

Contrac: data from PME Mainienanca
data fram MMS

Generate timeline dagram +

L 4

Seienl uniform raad sadlion maruslly

Malrlenancs coms {labor, meteriale Foad saclion charactenstics datn
squipment, stockpis) from BAS

L k 4

mnteranie costs Master File
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Figure 4.1.1 Procedure for Data Collection.

The collected data includes maintenance cost for labor, materials, total hours,
equipment, stockpile, total cost per mile, road segment characteristics, and traffic flow
data. According to Teng (2011), the first step was to select a sample road. Figure 4.1.2
demonstrates the record of roads maintained by NDOT in 2007, broken down into the

five prioritization categories.

Figure 4.1.2 Road Inventory for Churchill County from PMS 2007 Data.

One road could be divided into multiple sections, each with different maintenance

prioritization. For instance, SR115 had two segments, one in Category 4 and the other in
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Category 5. From road sample segments, the timeline diagram was generated where
history of maintenance activities were present.

The second step was to employ the time-space diagrams to find the road sections
that have the same set of maintenance treatments over the years and to extract the data
correspondingly. Figure 4.1.3 represents the time space diagram for US50 in Churchill

County.

Figure 4.1.3 Time Space Diagram for US 50 in Churchill County.

This data includes base and surface repair, hand patching, machine patching,
maintenance overlay, roadway capital improvements, sand, fog/flush, chip, scrub/slurry,

crack filling, and cold milling. The time space diagrams for Prioritization Categories 3, 4
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and 5 have minor differences from those for Categories 1 and 2. The diagram has color
coding developed as follow: yellow, purple, and orange. The yellow columns designate
rehabilitation and reconstruction projects that were documented in the PMS database.
Purple columns indicate maintenance works performed under a flexible pavement
program. Orange strips were marked on the time space diagrams to distinguish the
preventive maintenance tasks, for instance fog/flush, chip, sand seal, and etc. The time
space diagrams were constructed using macros in the Microsoft Excel program. Figure
4.1.4 embodies the time space diagram for 1-80 in Churchill County. The horizontal lines

denote homogenous segments.
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Figure 4.1.4 Time Space Diagram for 1-80 of Category 1 from 0.00 to 27.71 (zoomed in).
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The third step was to implement the time-space diagrams to recognize anticipated
segments of the road. Figure 4.1.5 includes years in which the specific treatments were
applied, shown on the right side. The left column indicate the prioritization category the
treatment was performed. It was assumed that each of these sections used the same
maintenance activities having the same roadway influencing factors. Moreover, it was
predicted that the traffic weight would be constant throughout each roadway section. The
time-space diagrams illustrate segments of the road that have homogenous maintenance

treatments in the past.
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Figure 4.1.5 Identified Road Segments for Roads in Churchill County.
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It is identified that homogenous segments in Categories 1 and 2 have no
rehabilitation applied on any segment of the road. However, homogenous segments in
other categories do not include preventive or rehabilitation completed between
rehabilitation and any preventive maintenance time period. Figure 4.1.5 represents four
segments of 1-80 in Churchill County stretched between 0.00 and 27.71. The following
segments were recognized throughout the mentioned stretched of the road: 0.00-2.27,
2.27-12.83, 12.83-22.46, and 22.46-27.27. Each of the sections has time period beginning
and ending with rehabilitation.

In the fourth step, the averaging mile-by-mile of the traffic flow data is extracted.
First, the average of the ADT for one year is calculated for a road characteristic data. The
same technique is applied to calculate the other years. Once the data is obtained, it is
transferred to the cost data sheet. Figure 4.1.6 illustrates the filtered data for the road

segment East US 50 from 43.71 to 59.96 in Churchill.
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Figure 4.1.6 Road Characteristics Data from NDOT PMS Data.
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Figure 4.1.7 Maintenance Costs and Road Characteristics in the Cost Data Master File

In the fifth step, homogenous sections were selected and road features were extracted
respectively (Teng, 2011). Figure 4.1.7 shows the data obtained from all these steps,
which are used in the analysis.

In this study, inventory data has been extracted from PMS. This data includes
treatment methods, years of maintenance, total cost per mile, total hours, equipment,
materials, stockpile, labor, pavement age, district, number of lanes, midpoint elevation,
weather, urban, AADT, number of trucks, and ESAL. Figure 4.1.8 indicates the outcome

of the extraction of the data from the NDOT inventory.
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Figure 4.1.8 Cost Data Master File

4.2 Prioritization

In NDOT, roadways are classified into five prioritization categories for
maintenance work. Maintenance policy has been established for different categories of
the roadways: life cycle length, maintenance treatments and their application time during

their life cycle. Figure 4.2.1 represents five prioritization categories.
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Figure 4.2.1 Cost Data Master File.

For the roadway in Categories 1 and 2, the same maintenance treatments are applied
which are 1"-1.5" Cold Mill, 2"-2.5" Hot Mix Asphalt (HMA) overlay, and Open-graded
Friction Course (OGFC). According to Teng (2011), the life cycle is divided into the
following stages:

Life cycle stage in Category 1: Cat 1 After Reconstruction.

Life cycle stage in Category 2: Cat 2 After Reconstruction.

Life cycle stage in Category 3:

Cat 3 After Reconstruction,

Cat 3 After Flush Seal,
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Cat 3 After Chip Seal.

Life cycle stages in Category 4:

Cat 4 After Construction,
Cat 4 After Flush Seal,
Cat 4 After 1% Chip Seal,
Cat 4 After 2nd Chip Seal.

Life cycle stages in Category 5:

Cat 5 After Reconstruction,
Cat 5 Middle After Flush, Cat Middle After Chip, and

Cat 5 Last After Chip, Cat 5 Last After Flush.

These stages were created based on the roadway life cycle of pavement infrastructure as
shown in Figure 4. From Figure 4.7 it can be seen that Categories 1 and 2 have only one
life cycle. In Category 1, the lifecycle starts from reconstruction and ends at the next
reconstruction stage. In Category 2, the lifecycle starts and ends with coldmill and PBS
with Open Graded. There are three life cycle stages for Categories 3 and 5, and four life
cycle stages in Category 4. Unlike Categories 1 and 2, the roadways in Category 3 are
provided with more treatments in the assumed life cycle of the pavement such as: flush
seal one time, chip seal twice, finishing with 2" HMA overlay and OGFC. The roadways
in Category 4 are assumed to be similar to category 3 with respect to the treatment having
chip seal repeated after four years. Moreover, in Category 4, the final treatment has
options of OGFC or chip seal to be executed. Remarkably, the roadways in Category 5
have the longest service life and having all surface treatment applied as necessary. The

Category 5 prioritization is completed with 2" HMA overlay and chip seal.
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Time-space diagrams represent maintenance activities applied to the pavement

during maintenance work. The maintenance activities consist of the following tasks:

1. Base & Surface Repair

2. Hand Patching

3. Machine Patching

4. Maintenance Overlay, Inlay (Scheduled Betterment)

5. Roadway Capital Improvements (Scheduled Betterment)

6. Sand

7. Fog/Flush

8. Chip

9. Scrub/Slurry

10. Crack Filling

11. Cold Milling

12. Snow Removal
The roadway sections having the same maintenance activities were selected for analysis.
The time-space diagrams vary slightly among the prioritization categories. Categories 3,
4, and 5 differ from categories 1 and 2. The time-space diagrams were created based on a
macro programming routine using Microsoft Excel as a tool. According to Teng (2011),
the procedure in Figure 4.2.2 was used to create time-space diagram. The variables for
maintenance cost analysis were identified using filtering function in Excel. Thus, all the
maintenance activities associated with the road section were included and only roads with

the same maintenance treatment were selected for further study.
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Data file AllData:
1. Loop through each segment

a) Find the year

b) Find mileage points

c) If the current “Contract Repair Strat” is different from previous one
in this year column, or the corresponding cells are colored already,
insert a year column

d) Put “Contract” and “Contract Repair Strat” in the cells and color

2. Merge any contiguous cells with the same color and same text, turn text

up.

Figure 4.2.2 Procedures for Time-Space Diagrams Using Macro

Traffic flow varied over the year, thus the annual average was used in analysis.
Similarly, for long stretches of roads, the midpoint elevations were averaged. Other
roadway factors such as constant traffic flow or midpoint elevations did not change with
the length of the road segment; therefore a different procedure was implemented. This
procedure did not involve taking an average of the numerical data over the segment of
road. Since the data for the same segment of road varied over the years, the range of time
period was adjusted as well. Based on the procedure and Microsoft Spreadsheet program
created by Teng (2011), the maintenance cost data was put together. This cost data was

developed for total cost, total hours, equipment, materials, stockpile, and labor.
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CHAPTER 5

ROUTINE MAINTENANCE COST MODEL DEVELOPMENT

5.1 Routine Maintenance Cost for Roads in Priority Category 1

Routine maintenance costs for the roads in Prioritization Category 1 were
analyzed based on the eight year pavement life cycle using linear regression models. The
results of the models are listed in Table 5.1 and 5.1A (Appendix). Figure 5.1.1 illustrates

life cycle for the road in Category 1.

Cat 1 Svipmg sad resmping dong by convac

Figure 5.1.1 Life Cycle for Priority Category 1 Roads.

The results from the regression model for the total cost indicate that the variables
that are significant are: age, pavement type, number of trucks, elevation, and weather
conditions. The coefficient of the age is positive indicating that the total cost of the
maintenance increases every year which is illustrated in Table 5.1. Similarly, the
coefficient of concrete asphalt (in Table 5.1 called "Pavement™) is positive, suggesting
that the roads with concrete surfaces require higher maintenance costs than rigid concrete
pavement. Comparable with age and pavement type, elevation of the road segment also

plays an important role in the determination of maintenance costs. The coefficient for the
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factor “Elevation’ is negative implying that the roads at low elevation are more
maintained, however, roads at higher elevations require less maintenance. It is because
the data samples were taken from the Las VVegas area, where the highways I-15 and US
95 outside of the metropolitan area are at low elevation demanding more maintenance.
Maintenance activities differ with the conditions of infrastructure that depends on the
amount of daily traffic passing through. The positive coefficient for number of trucks
indicate that greater number of trucks traveling each day on the roads results in greater
deterioration, which triggers more maintenance activities, thus higher maintenance cost.
Weather is another very important factor that the maintenance cost depends on. The
variable for weather is positive demonstrating that weather conditions are influential to
the total maintenance cost. It indicates that the Category 1 roads require additional
maintenance activities due to the work during extreme weather, such as snow removal.
The coefficient of length is negative, suggesting that some part of the roads require less
or no maintenance. Some parts of the road might have not been affected by other factors,
for instance weathering or traffic volume, which would leave the road in good
condition.These observations also can be found in other maintenance cost components,
including labor cost, equipment cost, stockpile, and materials cost that are illustrated in
Table 5.1. Age and elevation is the most significant variables used for cost estimates
since they are included in all other cost components. Weather, number of trucks and
pavement factors are contained within labor, equipment, total hours, and materials which
indicate that is one of the factors affecting maintenance cost. ESAL is the only variable
incorporated in stockpile cost. Also, only labor costs have rural or urban variables

included.
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Table 5.1 Regression Models for Roads in Priority Category 1.

Towt Cost |Coathciont Standaid | Bienificance Tostal Hottes | Costicient Standaid | Bienificance
Error P> Error ot
Age 00262 00103 0.012 Age 003 00102 0.004
Pavement (.800 01634 0 Lengsth 0233 (0108 0429
o Tmeks| 000 L 0 Pavement 0680 01417 0
Elevation 00006 00002 0 Elevation “0.0006 0.0002 0
Weather 14975 02591 0 Weather 13035 02591 1
Constant 3 130 | gens fotmds ] 00K : 2
Constant 00085 12753 0895
Labor Cost Matenals
Age 0.02% 0.0007 00 Age 00385 0016 0017
Pavement 07905 (1533 0 Pavement 08378 02497 0
Elevation -3.0006 L ] Elevation -0.0003 (002 0.038
Weather 148 02454 0 Weather 15069 0416 0
Urban -0 261 1218 0.033 No trucks 00004 00001 o
Mo Trucks 0 ({H¥3 0 0 _ _
= Constant 03333 240328 0.793
Constant 2588 12087 0.034
Equipment Stockpdle
Age 0054 no113 0.004 Ape 00346 0.06 0038
Pavement 095 0184 0 Elevahon 0 (Hpa3 000 L.o02
Elevation 0.0007 (32 0 ESAL o001l G003 0.0
Weather 15099 02804 0
Wo Tmcks| 00004 (30001 1 Constant 33235 o4 0
Constant 132 14733 0303
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The variable is negative indicating the labor is cheaper in urban areas than in rural. It
might be caused by shorter laborer travel time or distance to the work area. Length is
another variable shown in total hour’s component. Since the length is negative it
designates less roadway needs maintenance.

Figure 5.1.2 illustrates routine maintenance cost with an average elevation of
2,405 feet and an average AADT of 26,708 has been grown with time. This indicates the
maintenance cost gets more expensive every year. The cost for the first year is $4507 and

for the last year is $4573, resulting in total difference of $66.

Category 1 Routine Maintenance Cost

$4,580 -
$4,560 //
$4,540 -+

iy
8
8 /
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+ 54,520
(=]
3 ./l’
B s4,500
o]
|_
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54,460

1 2 3 4 5 6 7 8
Years

Figure 5.1.2 Total Routine Maintenance Costs for Category 1 Roads.
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Total Cost vs Age in Category 1
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Figure 5.1.3 Total Routine Maintenance Costs vs Age - Category 1.

5.2 Routine Maintenance Cost for Roads in Priority Category 2

Prioritization Category 2 routine maintenance costs were analyzed based on the
10 year pavement life-cycle using linear regression models. The results of the models are
listed in Table 5.2 and 5.2A (Appendix) and are shown at the end of this section. Figure
5.2.1 illustrates life cycle for priority Category 2 roads that was developed based on the

data collected from NDOT's management system.
'S :I-‘gﬂ’:f & | | | | | ! |
N cycie 1 ! ] ' [ l . | : l _

Tt 2 Swiping seid rosiipang dane by confisc

Figure 5.2.1 Life Cycle for Priority Category 2 Roads.
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From Table 5.2 it can be seen that the total maintenance cost changed with time
each year. The coefficient of the age is negative indicating that the cost of the
maintenance decreases every year. Based on the results, the routine maintenance cost is
the most expensive the first year the treatment is applied and each year after less
treatment is needed. The coefficient of length is also negative, suggesting that some part
of the roads require less or no maintenance. Some parts of the road might have not been
affected by other factors, for instance weathering or traffic volume, which would leave
the road in good condition. The road would not get deteriorated and would require less or
no maintenance. The samples collected for Category 2 were from areas across the State
of Nevada, unlike the case for Category 1, where the samples were taken from Clark
County only. District was the only one positive variable concluding that the maintenance
cost varied among the three districts in the state of Nevada.

The cost variation is reasonable since different districts may adopt different
maintenance practices in terms of materials and equipment used in their districts. These
observations also can be found in other maintenance cost components, including labor
cost, stockpile cost, equipment cost, and materials cost. Length is the most significant

variable shown in all cost components.
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Table 5.2 Regression Models for Roads in Priority Category 2.

Standard | Significance
Total Cost | Coefficient | Error P>|t|
Length -0.0585 0.0180 | 0.002
District 1 0.7573 0.1856 | 0.000
Age 0.0448 0.0190 |0.021
Constant 6.9242 0.3447 | 0.000
Labor Cost
Length -0.1063 0.0278 | 0.000
District 1 -2.2368 0.6558 | 0.001
Elevation | 0.0012 0.0003 | 0.000
Lanes -0.4190 0.1893 | 0.029
Constant 7.4234 0.7876 | 0.000
Equipment
Last Year |-0.7672 0.2057 | 0.000
Length -0.0956 0.0179 | 0.000
Elevation | 0.0003 0.0001 | 0.000
Urban -0.6520 0.1543 | 0.000
Constant 5.5586 0.3350 | 0.000
Total Standard | Significance
Hours Coefficient | Error P>t
Length -0.0719 0.0142 | 0.000
District 1 -1.9400 0.6555 | 0.004
Elevation | 0.0013 0.0003 | 0.000
Constant 2.5483 0.2756 | 0.000
Materials
Last Year |-0.7672 0.2057 | 0.000
Length -0.0956 0.0179 | 0.000
Elevation | 0.0003 0.0001 | 0.000
Urban -0.6520 0.1543 | 0.000
Constant 5.5586 0.3350 | 0.000
Stockpile
Age 0.6033 0.1050 | 0.000
Length 0.2293 0.0351 | 0.000
Elevation | 0.0062 0.0010 | 0.000
ESAL 0.0023 0.0007 | 0.006
Constant -31.0700 | 5.3204 | 0.000
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The coefficient of length is negative; however, in stockpile the length is positive.
It is caused by the longer distance to deliver the materials to the maintenance work site.
Elevation factor is contained within labor, equipment, total hours, materials, and
stockpile components affecting maintenance cost. The variable is positive meaning in
higher elevations maintenance cost get more expensive. Similar to Category 1, ESAL is
the only variable incorporated in stockpile cost.

Materials and equipment costs have rural or urban variables included. The
variable is negative indicating the urban areas are cheaper than rural. Variable age is
significant only to total cost and stockpile. The coefficient of the age is positive in
stockpile indicating that the cost of the maintenance increases every year.

Figure 5.2.2 below illustrates that the routine maintenance cost with an average
elevation of 3,987 feet and an average AADT of 11,787, has grown with time, thus
indicating that the maintenance cost gets more expensive every year. The cost for the first
year is $1,020 and for the last year is $1,082, resulting in total difference of $62;
therefore, the difference in price between first and last year is also minuscule. Those
results are based on the average elevation and average AADT. Comparing with the
numbers in Figure 5.1.2, the difference between Category 1 and Category 2 in total
maintenance cost is quite visible resulting in total amount of $ 3,553 for the first year and

$3,425 for the last year.

48



Total Cost (Dollars)
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Figure 5.2.2 Total Routine Maintenance Costs for Category 2 Roads.
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Figure 5.2.3 Total Routine Maintenance Costs vs Age - Category 2.
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5.3 Routine Maintenance Cost for Roads in Priority Category 3

Prioritization Category 3 routine maintenance costs were analyzed based on the 12 year
pavement life-cycle using linear regression models. The results of the models are listed in
Tables 5.3.1, 5.3.2,5.3.3 and in Tables 5.3.1A, 5.3.2A, 5.3.3A (Appendix). The
comparison of the models is shown at the end of this section. Figure 5.3.1 illustrates life
cycle for priority Category 3 roads that was developed based on the data collected from

NDOT's management system.
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Figure 5.3.1 Life Cycle for Roads in Priority Category 3.

After Construction

The variables that become significant in the “After Construction” segment are last
year, elevation, and number of trucks. All the factors have the same coefficients signs
except the last year variable. It implies the last year maintenance was cheaper because
some routine maintenance activities were saved considering that flush seal is applied in

the last year. This result can be found in other maintenance cost components as well.
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Table 5.3.1 Regression Models for Roads in Priority Category 3: After Construction.

After Construction

Standard | Significance
TOTAL COST | Coefficient | Error P>[t|
Last_Year -0.5555 0.1793 0.003
Elevation 0.0003 0.0001 0.001
No_Trucks 0.0076 0.0019 0.000
Constant 6.2757 0.4458 0.000
LABOR COST
Last Year -0.5652 0.1735 0.002
Temperature 0.3704 0.1386 0.009
No_Trucks 0.0065 0.0017 0.000
Constant 6.5539 0.2332 0.000
EQUIPMENT
Last Year -0.6686 0.2045 0.002
Elevation 0.0004 0.0001 0.000
No_Trucks 0.0060 0.0022 0.007
Constant 4.5657 0.5083 0.000

Standard | Significance
MANPOWER Coefficient | Error P>|t|
Last Year -0.3679 0.1817 0.046
No_Trucks 0.0175 0.0033 0.000
ESAL -0.0133 0.0025 0.000
Constant 3.0376 0.1766 0.000
MATERIALS
Age 0.1191 0.0617 0.057
Last_Year -0.9186 0.2709 0.001
Elevation 0.0004 0.0001 0.002
ESAL 0.0113 0.0029 0.000
Constant 4.0593 0.7043 0.000
STOCKPILE
Last_Year 0.6194 0.2179 0.006
Elevation 0.0003 0.0001 0.014
AADT -0.0012 0.0003 0.000
No_Trucks 0.0334 0.0071 0.000
ESAL -0.0210 0.0046 0.000
Constant 1.3865 0.6009 0.024
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The labor cost has two variables; elevation and AADT in which AADT is more
significant. On the other hand, the equipment model has three variables in which
elevation is the most significant and number of trucks is the least. The total hours model
has two variables; elevation and AADT where AADT is more substantial than elevation
likewise in the labor cost model. The materials model has four variables, where ESAL is
the most noteworthy and elevation is the least. The last model, stockpile has also four
variables similarly to the model for materials. The least significant variable is elevation

and the most significant is ESAL.

After Flush

Table 5.3.2 presents results for the life cycle segment “After Flush’, which ends at
a reconstruction. The coefficient of the age is not significant and thus not included in the
model implying the maintenance cost stays constant through its life cycle. The district
variable was positive indicating that the maintenance cost varied among the three districts
in the State of Nevada. The cost variation can be visible since different districts may
adopt different maintenance practices in terms of the materials and equipment used in
their districts. The length factor is significant implying maintenance cost for a highway
segment depends on the length of the roadway segment, i.e., the longer a pavement
section is the higher the cost is. Similar observations can be found in other maintenance
cost components, including labor cost, stockpile cost, total hours, equipment cost, and

materials cost.
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Table 5.3.2 Regression Models for Roads in Priority Category 3: After Flush.

After Flush Seal
Standard | Significance

TOTAL COST | Coefficient | Error P>t
Length -0.0486 0.0140 0.001
District 0.5031 0.1901 0.010
Constant 6.7900 0.4149 0.000
LABOR COST
No_Trucks 0.0042 0.0021 0.044
Constant 6.9235 0.2214 0.000
EQUIPMENT
District 0.4747 0.2037 0.023
Constant 5.6020 0.4707 0.000
MANPOWER
No_Trucks 0.0188 0.0044 0.000
ESAL -0.0141 0.0031 0.000
Constant 3.0110 0.1978 0.000
MATERIALS
Elevation 0.0004 0.0001 0.008
Temperature -0.6368 0.2045 0.003
No_Trucks 0.0065 0.0027 0.019
Constant 4.8079 0.6914 0.000
STOCKPILE
Age 0.0420 0.0307 0.176
Elevation -0.0001 0.0001 0.163
Constant 0.3069 0.2695 0.259

The labor cost model has only one influential factor, i.e., number of trucks. The
equipment model has also only one variable district. The total hours model has two
equally significant variables; number of trucks and ESAL. The materials model has
variable trucks and temperature significant. The stockpile model has two variables age

and elevation significant.
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After Chip Seal

The regression model for ‘After Chip Seal’ (see Table 5.3.3) indicate that the
coefficient for the last year maintenance activities is positive, implying that last year
maintenance was more expensive than the previous years in this life cycle stage.
Elevation is another factor that contributes to total routine maintenance cost significantly.
Its coefficient is for elevation is positive, implying that the roads at higher elevations may
have more impact of extreme weather as well as have other road features that need
additional maintenance. As stated earlier, maintenance activities differ with the
conditions of infrastructure that depends on the amount of the daily traffic passing
through. Higher number of trucks has superior impact on roads, leading to pavement
deterioration and greater need for maintenance. These observations also can be found in
other maintenance cost components, including labor cost, stockpile cost, equipment cost,
and materials cost.

The labor cost model has two significant variables: last year and number of
trucks. The equipment model has two variables significant: number of trucks and
elevation. The total hours model has three significant factors: last year, number of trucks,
and ESAL. Materials and stockpile models have four factors significant: last year,

elevation, ESAL, and number of truck.
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Table 5.3.3 Regression Models for Roads in Priority Category 3: After Chip Seal.

After Chip Seal
TOTAL Standard | Significance
COST Coefficient | Error P>|t|
Last Year 0.1441 0.0870 | 0.117
Elevation 0.0004 0.0002 | 0.042
No_Trucks 0.0102 0.0035 | 0.010
Constant 4.4756 1.1585 | 0.001
LABOR
COST
Elevation 0.0002 0.0002 |0.211
AADT 0.0006 0.0002 | 0.008
Constant 4.6850 0.8629 | 0.000
EQUIPMENT
Elevation 0.0004 0.0002 | 0.026
No_Trucks 0.0079 0.0004 | 0.048
Constant 3.6865 0.9926 | 0.002
MANPOWER
Elevation 0.0003 0.0002 | 0.100
AADT 0.0006 0.0002 | 0.012
Constant 0.8442 0.9890 | 0.405
MATERIALS
Last Year 0.3469 0.1424 | 0.027
Elevation 0.0008 0.0003 | 0.028
ESAL 0.0216 0.0070 | 0.007
Constant 0.3680 1.9973 | 0.856
STOCKPILE
Elevation -0.0009 0.0004 | 0.040
No_Trucks 0.0417 0.0127 | 0.005
ESAL -0.0535 0.0156 | 0.003
Constant 2.62967 1.9041 0.186

Based on Table 5.3.4, the After Construction stage has the most number of

variables influencing the cost model. The variable that influences many cost components
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is last year. It means that maintenance cost in the last year is significantly different from

other years in their life cycle. Other variables such as number of trucks, elevation, and

ESAL are also significant in many cost components.

Table 5.3.4 Routine Maintenance Treatment Stages in Category 3.
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The temperature variable is significant only in the labor cost component in the
After Construction stage. It means that weather influences the cost of maintenance work.
For instance, cold causes more road deterioration and needs more routine maintenance
such as snow removal and picking up tree leaves. Rainy weather needs more checks on
drainage which may need minor clearance. The AADT variable is significant only in
stockpile cost component. Since the variable is negative, the cost components in the After
Flush stage have more significant variables, in which number of trucks is the most
common factor.

This factor is positive indicating higher number of trucks has superior impact on
roads leading to pavement deterioration and greater need for maintenance. Elevation is an
influencing factor in most of the cost components as well. Among all the cost
components, only total cost is relevant to the length, which implies that there are cost
items applicable to length that cannot be taken account in the cost components, but would
be significant when all the cost components are counted together. For example,
supervisors need to inspect highway regularly, the cost of which may not be significant to
each cost component including labor. In After Chip stage, the most common variable is
elevation. Other factors influencing the costs in the After Chip stage are AADT, ESAL,
and number of trucks.

Figure 5.3.2 represents three different routine maintenance segments. Each
segment is displayed versus time defined in years. Each life cycle segment starts at the

next year with new major routine maintenance activities.
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Category 3 Routine Maintenance Cost
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Figure 5.3.2 Total Maintenance Costs for a 12-Year Life Cycle for Category 3 Roads.
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Figure 5.3.3 Total Routine Maintenance Costs vs Age - Category 3 After Construction.
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Total Cost vs Age - Category 3 After Flush
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Figure 5.3.4 Total Routine Maintenance Costs vs Age - Category 3 After Flush.
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Figure 5.3.5 Total Routine Maintenance Costs vs Age - Category 3 After Chip.
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5.4 Routine Maintenance Cost for Roads in Priority Category 4

Routine maintenance cost for the roads in Category 4 was analyzed based on the
15-year pavement life-cycle (see Figure 5.4.1). Four linear regression models were
developed, one for each life cycle segment: after construction, after flush, after chipl,
and after chip2. Each life cycle segment starts at the next year with new major routine
maintenance activities and ends when these activities are completed. The results of the
models are listed in Tables 5.4.1,5.4.2,5.4.3,5.4.4 and in Tables 5.4.1A, 5.4.2A,5.4.3A

, 5.4.4A (Appendix). The comparison of the models is shown at the end of this section.

Catd Raininating sdel and chip seal by state torces. Watarhiome ainping. annusl msinps and shoulder seaiky state fonges

Figure 5.4.1 Life Cycles for Roads in Priority Category 4.

After Construction

The variables that are significant in the “After Construction” stage are: last year,
average daily traffic and ESAL (see Table 5.4.1). The ESAL variable is negative
indicating that less damage is done during this life cycle stage, leading to lower cost of
highway maintenance. This result is counterintuitive and warrants further investigation.
Labor cost model has five significant variables. The equipment model has the same
number of noteworthy variables as the model for labor. The total hours model also has
five significant variables. The materials model has three significant variables. The model

for stockpile has eight important variables.
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Table 5.4.1 Regression Models for Roads in Priority Category 4: After Construction

After Constmction
Total Cosi |Cosfficient o Total Hows |Cosfficient RS s e
Emar [Pt Emot Fa
Last Year 0.8236] 0.1544 O|Lasi Year 0.8321 0.1537 0
AADT 0001 00003 | Elevanon (.0003 00001 0.001
ESAL 00097 00027 0001 o _Trocks DO337F (0109 0,063
ESAL 00248 0.0072 0.001
Constant TOLT] 01572 D Distrct 4782 0.1573 0,00
Canstant 1145 04962 0,023
Eabor Cost Matenals
East Year 07104 (.i343 D|Last Year Lisn Ei331 {
Elevation 0.0003]  0.0001 0001 | District 03247 0.0947 0.001
Mo Trucks 07 011 0016] AADT (0009 00003 0.001
ESAL 00212 00072 0.004
Dhstnct ES 01384 0.001|Constant 47650 02352 0
Constant 4 6775 (4033 ]
Eguipnisnt Stockpile
Last_Tear 03561 02076 0.00% Age Li1gpt 0.1312 0.003
Elevation 0.0003] 00001 0.005|Last Year 1243 03303 0.012
Mo Trucks 00344 0.0148 0020 ength L 5816 0177 0,003
ESAL 00238] 00007 0013 Elevaton 00147 0.0016 0.003
Distnot 0.3768]  0.1861 0.046) Temperature -1 883 0008 0.0i3
No_ Trucks 01724 0.0502 0041
Sbad 238l o DIESA}_ 0679 {.01549 0.042
Distact 264087 353376 0053
Constant 4123337 41073 0.002

After Flush

In the After Flush stage, the variable age is significant for the total cost and it is
negative, which implies that maintenance cost declined each year. The variable last year

is positive implying that more expenditure was incurred in the last year, the year before
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flush seal. Elevation is another factor that is significant for the total routine maintenance
cost. Its coefficient is positive suggesting that given that roads at higher elevations have
more chance of extreme weather as well as having other road features that need more
maintenance.

The District variable was negative implying that the maintenance cost District 1 has the
lowest routine maintenance cost every year among the three districts in the State of

Nevada.

Table 5.4.2 Regression Models for Roads in Priority Category 4: After Flush.

Standard | Sienificance Standard  |Sienificancs
Totol Cost |Coefficient Total Hour| Coefficient

Ermor 2] Emor P=E
Age A23647 006495 0.001)Last Year 1.3774 0.1611 0
Last Year 21447 02024 OLensth 0045 0.0142 0006
District | 03211 01066 0] District | 03706 0.1 ]
Elsvation 0:0004 0:0001 0.003) Elevation 0:0003 0:0001 0
Temperaioy 4724 0.1343 (.001) Temperaiy 06164 01294 0
Constant 6815 0.7602 0] Constant 26661 03811 o
LaborCost Nimrenals
Aze 0156 0.0633 1ol6) A= 05008 01017 0.003
Last Year 152 0.1971 0|Last_Year 5.1022 0.5406 2
Lensth 0.0401 0.0181 015 Distnee | 04582 0.1680 0005
District | -0.3519 0.0063 (.001) Temperaty) -0.3587 0.1769 0026
Elsvation 0.00435 0:0001 0
Temperaty 04786 01379 (.01 Constant B.1076 0.6313 0
Constant 653688 07483 0
LaborCost Nimrenals
Aze -0.2049 00742 0 A== 0.8153 0.1483
Last Year 16331 D252 0] District | 1.8223 0293
Dhstnee | 07111 01372 0 Temperann 038312 02606 0006
Elevation 0.0065 0.0082 0
Tempetatuy 075376 0.1634 0
No_Tmcks 00207 0.0073 (.0046) Constant -1.4572 09774 016
ESAL 00138 00064 0034
Constant 64783 1.006% 0
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The coefficient for temperature is negative suggesting that lower temperature areas
require more maintenance due to weather such as snow removal. Similar observations
also can be found in maintenance cost components, including labor cost, stockpile cost,

equipment cost, and manpower cost, which can be found in Table 5.4.2.

After Chipl

In the second segment in Category 4, the variable age is statistically significant
(see Table 5.4.3) which indicates maintenance cost rises each year. Even though this
variable is statistically significant, the absolute value of this coefficient is very small,
resulting in total difference in cost that is minor. The ESAL variable is negative
indicating that less damage is done to pavement with higher ESAL, which is
counterintuitive. More investigation should be conducted based on this observation.

The Labor cost model has three significant variables. The equipment model has
three significant variables as well: age, number of trucks and ESAL. The Total hours
model has only two significant variables: age and elevation. The materials model has
only one factor temperature. The last model stockpile, has number trucks and ESAL

significant.
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Table 5.4.3 Regression Models for Roads in Priority Category 4: After Chip 1.

After Chip 1
Standard | Significance

TOTAL COST | Coefficient | Error P>|t|
Age 0.098469 | 0.04507 | 0.032
ESAL -0.0211 0.0055 0.000
Constant 7.4097 0.2376 0.000
LABOR COST
Age 0.1613 0.0444 0.000
No_Trucks 0.0486 0.0155 0.002
ESAL -0.0660 0.0152 0.000
Constant 6.3817 0.2283 0.000
EQUIPMENT
Age 0.1677 0.0531 0.002
No_Trucks 0.0492 0.0185 0.009
ESAL -0.0707 0.0182 0.000
Constant 5.9642 0.2729 0.000
TOTAL
HOURS
Elevation 0.0002 0.0001 0.007
Age 0.0960 0.0468 0.043
Constant 1.6877 0.3695 0.000
MATERIALS
Temperature -0.3907 0.1044 0.000
Constant 6.2028 0.2514 0.000
STOCKPILE
No_Trucks 0.0514 0.0190 0.008
ESAL -0.0379 0.0186 0.045
Constant -0.1219 0.2457 0.621

After Chip2

The variables significant for the total cost in *After Chip 2’ stage are age and
ESAL (see Table 5.4.4). The labor cost model has three variables significant: age,

number of trucks and ESAL. The equipment model has three significant variables. The
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most essential factor is elevation and the least essential is district. The total hours model
has two significant variables: elevation and age. The materials model has only one
significant variable which is temperature. The stockpile model has two significant
variables: number of truck and ESAL. From Table 5.4.4 and Table 5.4.5 it can be seen
that the costs in the After Construction and After Chip 2 stages have the more influencing
factors. The most repetitive factors are district, appearing in each of the cost components.
Temperature is another variable that appeared in each cost component in the After
Construction stage. It means that weather significantly influences routine maintenance
work. The age factor appears in each cost component. Other variables such as number of
trucks, elevation, and ESAL were noticed in many cost components. The After Flush
stage has many influencing variables where district is the most common factor.

Length is another factor being repetitive in total cost, materials, and
stockpile cost components. Equipment and stockpile costs are relevant to number of
trucks. Since the variable is positive, it designates the higher number of trucks has more
impact on roads leading to pavement deterioration and greater need for maintenance.
Other variables such as elevation and ESAL were observed in several cost components.
The After Chip 2 stage has the least number of variables influencing maintenance cost.
Only age, ESAL, number of trucks, elevation, and temperature are observed in various
cost components. The Materials cost component has only one significant variable
temperature. Variable age appears in total cost, labor cost, equipment, and total hours.
Since the age is positive it indicates every year the maintenance cost increases. Other

factors influencing After Chip2 stage are: elevation, ESAL, and number of trucks.
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Table 5.4.4 Regression Models for Roads in Priority Category 4: After Chip 2.

After Chip 2
Standard | Significance

TOTAL COST | Coefficient | Error P>|t|
Age 0.098469 0.04507 | 0.032
ESAL -0.0211 0.0055 0.000
Constant 7.4097 0.2376 0.000
LABOR COST
Age 0.1613 0.0444 0.000
No_Trucks 0.0486 0.0155 0.002
ESAL -0.0660 0.0152 0.000
Constant 6.3817 0.2283 0.000
EQUIPMENT
Age 0.1677 0.0531 0.002
No_Trucks 0.0492 0.0185 0.009
ESAL -0.0707 0.0182 0.000
Constant 5.9642 0.2729 0.000
TOTAL
HOURS
Elevation 0.0002 0.0001 0.007
Age 0.0960 0.0468 0.043
Constant 1.6877 0.3695 0.000
MATERIALS
Temperature -0.3907 0.1044 0.000
Constant 6.2028 0.2514 0.000
STOCKPILE
No_Trucks 0.0514 0.0190 0.008
ESAL -0.0379 0.0186 0.045
Constant -0.1219 0.2457 0.621
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Table 5.4.5 Routine Maintenance Treatment Stages in Category 4.

Ather Donstruction Atter Flush $eal Abter Chip 1 Ather Chip 2
Stmdaid | Fignificmcs Standord |- Fignifizanss B Zandaed | Sigoificonce Etandard [ Fanifizancs
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A 2647 | 006433 0.0 Lozt Year L8358 iS5 2000 Age 008546 004507 0032 Lzt Tear (LER5E URELES 0.300
Lask_¥eat 2447 zn2d 0.000 Length 0.0433 0.7154 LGNS EZAl 0,021 0.005F 0.000 AMDT 0.0000; | 0.0003 0,800
Dlistrick -00331 0A006 0.0an Elyatian o.onnz o.oan .a03 1= Gnstant TADAT 02376 0,000 EZal =0L0057 00021 0.601
Eleyation opogd Qo0 0003 Temperatore 0E2E3 02054 Q.01 Consiant T.ome 035 000
Tamparstars -0 4724 04345 ugsla)] District 11216 046TS .a00
Canstant TEET 07652 0.000 Donskant .07 04781 0300
LABORCOET LABOR DO5T ) LABOR COET LABORGEET
Augi 04560 ADEST 0aie Last_¥ear L2dsa 8 N 0.000 Ag 0461 0.04da 0000 Lazt_ T aTind DARLE 0.000
Last_ Tear 15420 0137 Q.000 #40T Q.0012 20005 .00 Mo_Trucks 0.0456 0.0155 2002 Elgvition Q0003 0.0001 .00
Length 00410 00181 0015 DiicErick 04157 01455 0.005 ESAL -00ERD 0.0152 OG0 Mis_Trucks 00270 010 A6
Dliztrick -0L3E1E OLOEEE [Lelal} Constant B.E440 22004 0,000 (RS hzkant B.3E1T 02283 0,000 EZaAL ~rogie 0.a07e [ERs LS
Elevation 00005 £.0001 0.000 Diztrick 04507 01554 0.001
Tammparskars -0 4786 0AZTa [ielai] Canstank 45225 NAIEE Qoo
Canstant 5.3655 07453 0.000
EGUIFMENT, EBUIFMENT ESUIFMENT EQUJIRMENT
At 023 fores 0.000 Last_ear aEhE2 02076 0,803 Agt DA77 0.0531 02.002 Las_ Tgar 5561 02076 0,803
Laask_Tear 16351 02520 0.0an Elayatian 0.000E o.oan .a03 Ma_Trucks 00432 00185 0.a0s Elquition [ER i 0.a0a1 [ERETI
Diiztrict Rl 01z 0.000 MNe_Trucks 0.0544 Q.04 0022 EZAl -0.0707 g2 0.000 Me_Trucks 0oz | 00HE n.zd
Elevation 0.0006 0.0002 Q.0a0 EZ&L 00245 20037 0.3 Gonztant saR42 narea 0,000 EZal 00245 | 0.00ar 0.013
Tempersture -QTETE 0654 0.000 Diickrick B.5TEE L1561 0.045 Diictrick BL5TEE 0561 0045
Mo Trocks 00207 00073 0006 Eonstant STann LETOS 0o00 Conatank Fa0n QLETOS uNeiele)
EZAL Q033E Apogd 0054
Sanstarnt 64753 1,0063 Q.000
TOTALHOLES TOT AL HOURE TOTALHOURE TETALHOUES]
Last Tear 13774 Q81 Q.aa0 Last Year 13403 0873 @000 Elevitian .gna2 0.0001 207 Lart_Vear 0321 DARET .a00
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At 05095, DT 0.00% Last_Vear 2ARRE 02547 0300 Temperature -oE2aT 01044 0.000 Lazh_Tdar ALk R 0,800
Lasi Tear FA022 05406 Q000 Length 00475 0.0215 005 Ganztant 6.2025 0.2514 0,000 Diztrict 03247 Q0357 0.001
Diizkrict -0 4ESE 03853 0.005 Diickrick -ETIO 00854 0.001 A&8DT DLO0GEs 0.000% 0.001
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ETRAGEPILE ETOCKPILE STREKPILE STROEKEPILE
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The last stage in Category 4 After Chip2 has the variable last year in each of the
cost components. Elevation is a common variable observed in all components besides
total cost and materials. ESAL is a common variable observed in all cost components
besides materials cost. AADT can be found only in total cost and materials cost
components. Since the variable is positive, it means more traffic occurs on certain
segments of the road leading to more deterioration of the road, thus more maintenance is
needed. Stockpile components have many variables: age, last year, length, elevation,
temperature, number of trucks, ESAL, and district. The summary of all stages is
presented in the Table 5.4.5. The Figure 5.4.2 represents cost for four treatment stages.
From the graph After Flush is the most expensive treatment stage and after construction
is the least costly. After Chip 2 stage is more costly to perform than After Chipl and

After Construction stages.

Category 4 Maintenance Cost
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Figure 5.4.2 Total Maintenance Costs for a 15 Year Life Cycle for Category 4 Roads.
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Total Cost vs Age - Category 4 After Construction
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Figure 5.4.3 Total Routine Maintenance Costs vs Age - Category 4 After Construction.

Total Cost vs Age - Category 4 After Flush
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Figure 5.4.4 Total Routine Maintenance Costs vs Age - Category 4 After Flush.
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Total Cost vs Age - Category 4 After Chip 1
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Figure 5.4.5 Total Routine Maintenance Costs vs Age - Category 4 After Chip 1.

Total Cost vs Age - Category 4 After Chip 2
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Figure 5.4.6 Total Routine Maintenance Costs vs Age - Category 4 After Chip 2.
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5.5 Routine Maintenance Cost for Roads in Priority Category 5

Prioritization Category 5 routine maintenance costs were analyzed based on the
20 year pavement life-cycle using linear regression models. The results of the models are
listed in Tables 5.5.1, 5.5.2, 5.5.3 and in Tables 5.5.1A, 5.5.2A, 5.5.3A (Appendix). The
comparison of the models is shown at the end of this section. Figure 5.5.1 illustrates life
cycle for priority Category 5 roads that was developed based on the data collected from

NDOT's management system.

e cyclo ot 5 Mantenance will mumntain mads i thes category (Gee renabilrating guidicdes )

Figure 5.5.1 Life Cycles for Roads in Priority Category 5.

There is no clear definition on the life cycle stages for the roads in Priority
Category 5, as illustrated in Figure 5.5.1. In this study, three life cycle segments were
created and they are: maintenance after reconstruction, maintenance after flush seal, and
maintenance after chip seal. For simplicity these three life cycle stages are called: first
(5-1), second (5-2), and third (5-3). Each life cycle stage starts at the next year with new
major routine maintenance activities. The first stage starts with a reconstruction having
2” PBS with OG. The second stage starts when a flush or chip seal is performed and ends
before another flush or chip seal is performed. The third stage starts when a flush or a
chip seal is performed and ends before a reconstruction. The second segment can be

repetitive which is derived from the life cycle segments in Category 4.
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Segment 5-1

From Table 5.5.1 it can be seen that four variables are significant in the total cost
component: age, last year, elevation, and number of trucks. The age coefficient proved to
be relevant implying maintenance cost between the reconstruction and flush seal
increased every year. It is a natural expectation that total maintenance cost increases with
year. The coefficient for the last year maintenance activities is positive, which may imply
more preparation for flush seal needs to be performed next year. Elevation is significant
and its coefficient is positive, which indicates that road at higher elevations has more of a
chance of extreme weather as well as having other road features that need maintenance.
The negative coefficient for number of trucks indicated the trucks traveling generate less
maintenance cost, which is counterintuitive and worth future study.

These observations also can be found in other maintenance cost components,
including labor cost, stockpile cost, equipment cost, total hours, and materials cost. The
Labor cost model has five significant variables: last year, elevation, AADT, number of
trucks and ESAL. The age coefficient proved to be relevant implying maintenance cost
between the reconstruction and flush seal increased every year. It is a natural expectation
that total maintenance cost increases with year. The coefficient for the last year
maintenance activities is positive, which may imply more preparation for flush seal needs
to be performed next year. Elevation is significant and its coefficient is positive, which
indicates that roads at higher elevations have more chance of extreme weather as well as
have other road features that need maintenance. Traffic flow AADT shows a positive
impact since the variable is positive. Equipment model has three variables last year,

elevation, and number of trucks.
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Table 5.5.1 Regression Models for Roads in Priority Category 5: Stage 1.

Stage 1
TOTAL COST | Coefficient | Standard Error | Significance P>|t|
Age 0.1160 0.0437 0.009
Last_Year 0.8923 0.1680 0.000
Elevation 0.0043 0.0001 0.000
No_Trucks -0.0122 0.0036 0.001
Constant 4.8363 0.4583 0.000
LABOR COST
Last Year 0.7657 0.1486 0.000
Elevation 0.0003 0.0001 0.000
AADT 0.0049 0.0022 0.027
No_Trucks -0.0535 0.0184 0.004
ESAL 0.0232 0.0117 0.048
Constant 4.4674 0.4229 0.000
EQUIPMENT
Last Year 0.8864 0.1750 0.000
Elevation 0.0007 0.0001 0.000
No_Trucks -0.0146 0.0041 0.000
Constant 2.5413 0.4832 0.000
TOTAL
HOURS
Last Year 0.8835 0.1494 0.000
Length -0.0480 0.0183 0.009
Elevation 0.0004 0.0001 0.000
AADT 0.0067 0.0017 0.000
No_Trucks -0.0311 0.0059 0.000
Constant 1.0589 0.4213 0.013
MATERIALS
Age 0.2318 0.0746 0.002
Last Year 1.3370 0.2877 0.000
Elevation 0.0005 0.0002 0.001
No_Trucks -0.1064 0.0186 0.000
ESAL 0.0722 0.0155 0.000
Constant 2.9159 0.8084 0.000
STOCKPILE
Length -0.0532 0.0110 0.000
Elevation -0.0006 0.0001 0.000
AADT 0.0581 0.0026 0.000
No_Trucks -0.3766 0.0212 0.000
ESAL 0.2051 0.0098 0.000
Constant 3.7831 0.2864 0.000
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Total hours model has four variables: last year, length, elevation, AADT, and
number of trucks. Traffic flow AADT shows a positive impact since the variable is
positive. The Materials model has five significant variables: age, last year, elevation,
number of trucks and ESAL. The last cost component in this stage is stockpile. The
model for stockpile cost also has five significant variables: length, elevation, AADT,

number of trucks, and ESAL.

Segment 5-2

From Table 5.5.2, it can be seen that total maintenance cost has six variables last
year, district, elevation, temperature, AADT, and number of trucks. The Last year
variable is positive suggesting last year maintenance was more expensive than the actual
year and more maintenance is needed as roads age. The District variable was positive
indicating that the total routine maintenance cost in District 1 is higher than other
districts. Elevation is significant. Its sign is positive, implying that the roads with higher
elevation incurred higher maintenance costs. The variable for temperature is significant
and is positive, which is counterintuitive and needs to have more investigation. Traffic
flow AADT shows a positive impact. Maintenance activities differ with the conditions of
infrastructure that depends on the amount of the daily traffic passing through. Greater
numbers of trucks traveling each day on the roads results in greater deterioration, which
triggers more maintenance activities, and therefore higher maintenance cost. The Number
of trucks variable is negative implying some of the highway segments have a lesser
amount of trucks. The Labor cost component has five significant variables: last year,

elevation, temperature, AADT, and number of trucks that are already included in total
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cost. The Equipment cost component has six crucial factors: age, last year, length,

elevation, AADT, and number of trucks. The age factor is negative suggesting each year

routine maintenance cost in this stage becomes more costly. The length variable is

significant implying that maintenance cost for a highway segment depends on the length

of the roadway segment, i.e., the longer a pavement section is the higher the cost is.

Table 5.5.2 Regression Models for Roads in Priority Category 5: Stage 2.

Stage 2
Fosl Gast |CostRaent] T I[P | oo (Coatant|® T r | SERECASE
Error F=t Errar F=t

Last Year 14071 01082 OlLast Year 0.9210 0.0932 0
Distnrt 02572 0112 0,033 Distnct 02665 0.0862 0.006
Elsvation 0.0002 0.00:01 | Elevation 00002 0 0
Temperann| 01624 D.OF1R 37| Temperamire 01735 00704 e
AADT 0.0033 0.001 O|WNo Trucks -0.0083 0.0072 0
Mo Trucks 00107 0.0023 0| AADT 0.0038 0.0008 0
Constant 4 2445 03733 0| Constant 0.5532 3213 0.086
Laber Cost Materials
Last Vear 08527 0.0219 O|Last Year 24604 01867 0
Elevation 0.0002 0 0| Lenzth 0.0377 0.0169 0.026
Temperatuy 0.1071 0.0479 0.026| AADT 0.1 0.0017 0
AADT 0.0043 0.0008 0| e Trucks -0.0163 0.0043 0
No Tmcks 00075 0.0021 0

— Constant 4.0000 02441 L
Constamt 44156 02133 0
Lebet Cast Matenals
Awgg -0:0989 00303 0.001| Aze 01595 00375 0
Last Year L0755 01308 O|Last Year 04274 01666 0.01%
Lenzth 0.0509 0.0112 0,006 Distoct 1032 2032 o
Elevation Q0002 0.0001 0| Temperaturs 04193 01188 0.0
AADT 00052 0.0011 0| WNe Trucks 0.100 0.0206 0
Mo Tmcks -0.00897 0.00328 D0D1|ESAT 01075 0.02063 0
Constamt 3.09437 03056 0| Constant 1.0343 07029 0144
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The manpower cost component has six variables having the same variables as total cost
component. Material cost component has four variables last year, length, AADT, and
number of trucks. The stockpile component has six variables age, last year, district,

temperature, number of trucks and ESAL.

Segment 5-3

Table 5.5.3 presents the results for the cost models for the third life cycle stage.
The variable last year is positive implying that more expenditure was incurred in the last
year, the year before chip seal. The District variable was positive indicating that the total
routine maintenance cost in District 1 is higher than other districts. Elevation is
significant. Its sign is positive, implying that the roads with higher elevation incurred
higher maintenance costs.
The variable for temperature is significant and is positive, which is counterintuitive and
needs to have more investigation. Traffic flow AADT shows a positive impact. As stated
earlier maintenance activities differ with the conditions of infrastructure that depends on
the amount of the daily traffic passing through. Greater number of trucks traveling each
day on the roads results in greater deterioration, which triggers more maintenance
activities, therefore higher maintenance cost. These observations also can be found in
other maintenance cost components, including labor cost, stockpile cost, equipment cost,
and materials cost. Labor cost models have five significant variables: last year, elevation,
temperature, AADT, and number of trucks. The Equipment model has six: age, last year,
length, elevation, AADT, and number of trucks. Further, the total hours model has six

influential variables. All the variables are the same with labor cost component having age
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as an additional factor. The Materials model has four variables last year, length, AADT,

and number of trucks.

Table 5.5.3 Regression Models for Roads in Priority Category 5: Stage 3.

Stage 3
Fotsl Cost |Coeticien| T || SERERRRC L o] Cuetniant| e | epiicense
Eiror = Emor g

Last Yes L407) G 108231 MLast_Yea 05215 0.0832 0
Dhstnict 02372 01119 0.035]|Distnct 0 26685 0.0%54 0006
Elevation 00002 0.0001 0|Elevation 0_0002 0 0
Temperan] 01626 0.0818 0047 Temperan| 0.1735 00704 (0.0%4
AADT 0.0033 0,001 HNo Truck -0.0083 0.0022 0
No TrucHd -0.0107 0.0023 NAADT 0.0038 00008 0
Constant 48445 0.3733 0| Constant 05532 03213 0.086
Labor Cox=t Matenals

Last Yea]l 09527 0.0919 MLast Yeal 24604 01367 0
Elevation 0.0002 i 0] Length .63 0.016% 0024
Temperasd 0.1071 00479 0.026|AADT 0.01 0.0017 0
AADT 8.0043 0.0008 O|No_Trucl -0.0183 00043 f
o Teunl -0.0076, 0.00M Nconstane | 4.0098] 02441 0
Constart 44130 02133 0

Labor Cost Matenals

Age 00589 0.0303 0.001)Age 01595 D.0375 0
Last Yes 1.0733 01311 MLast Yeal 04274 01466 011
Length 0.06309) 00412 0.006] District 1.6321 0 2033 0
Elevation 00002 0.0001 NTemperan [0.4193 011528 0.001
AATYT 0.0052 0.0011 INo_Trucl 0.1091 0,206 f
No Trucld -0.0097 D.00Z8 (D01 ESAL 010748 0.0203 0
Constant 3.9437 03056 0] Constant 1.0343 07029 0. 144
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The last stockpile model has six variables age, last year, district, temperature,
number of trucks, and ESAL that are crucial to model development.

Based on Table 5.5.4, the After Flush stage has the most variables influencing the
cost model and the least amount of variables can be found in After Chip stage. In Stage 1,
the age variable is found in the total cost and materials cost components. The variable is
positive meaning the maintenance cost increase every year. The Last Year is the factor
observed in all the cost components besides stockpile cost component. Since last year is
positive it indicates that last year maintenance was more expensive. The variable that
exists in all of the components in Stage 1 is elevation and number of trucks. The Number
of trucks variable is negative implying the routine maintenance costs is low when truck
traffic is low on a road, which is counterintuitive. In the After Flush Stage 2 model the
variables that appeared in all cost components are as follow: last year and number of
trucks. It indicates those variables are crucial to the After Flush stage maintenance cost
model development. The Elevation factor is positive and found in all the components
besides materials and stockpile. In higher elevation, maintenance work tends to be in
greater demand. Temperature is observed also in all components but equipment and
materials. AADT is one of the variables contained in total cost, labor cost, equipment,
total hours, and materials.

Since the variable is positive, it means routine maintenance cost is higher on roads
where traffic is higher. Other variables that can be found in stage are district, length,
ESAL. Length factor is found only in materials cost component. The factor is positive
indicating routine maintenance costs increased with time. The Stage 3 model has the

fewest number of variables. The total cost and labor cost only have one significant
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variable of age which is positive. It means that with years the maintenance cost increases.
The Equipment cost component also has only one variable last year which is also
positive. It indicates that the last year maintenance cost was higher than the previous
year. The stockpile cost component has the highest number of variables influencing

maintenance cost including: length, district, temperature, and number of trucks.

Table 5.5.4 Routine Maintenance Treatment Stages in Category 5.

Bfter Cionstruction Lifsr Flush Seal: After Ehip Seaal
Btandard & Standaid & Standard | Significancs

TOTALCOST |Ecsificent| Efrar Fx TOTAL COST | Cosifcent|  Emdr Bl TOTALCOST [EosfHeient| Enmar, {EEAL}
Age 0160 00437 0.003 Lasl Year 1407 0idaza i Age 01830 | ‘00805 0.025
Last ‘ear 08323 01580 0.000 Diistrict 2 0272 [RTE] 0,035 Cionstant 72034 | n2ReT 0.000
Elewation 043 00007 0000 Eleyation 0gpe 1.0001 0.0
hha Trucks: pze 0.O03E .00 Termperaturs DIE2E 0812 0.047
Censtant 4.2363; | DABE3 0000 AADT 0.0053 0.0010 0.000

Mo Trucks 00107 nonze f.000

Constank 4.8445 03733 0,000
LABOR COST LABOR COST LABORCOST
Lazt Year 07667 | 0MEE 0,000 Lasl Year 0a527 ] 0.000 Age 01387 | noves 01.014
Elewation G.0003 0.0001 0.000 Elewiatlon 0002 .0000 0,000 Canstant B3R | 02547 oo
AAD0T e | mopez oozy Temperature L1071 T ooz
M Trueks: 00535 | mgd ood AAD0T 00043 L0008 0.000
ESaL 00232 0.017 0,048 Ma Trugks 00078 0.0021 0.000
Canstant 44674 | D4zEa [.000 Constant 44156 02152 0.000
EQUIPMENT ERILIPMERNT EQUEMENT
Last ear nases | 04750 0.000 fae <0.0983 00303 .00 Last Mear 07803 | 04307 0020
Elevation nago7 | oooo 0,000 Lasl Year 107586 013m 0.000 Cionatant 217 DIETT oon
Mo Trucks DOME 0004 0,000 Length 00303 oonz 0,008
Constant BEHE | N4R32 [ERiTiTY Eleyation IR 0.0001 0000

AADT nans: 0001 0.000

o Tracks -0.0087 00028 0001

Constant 3.9437 03056 0.000

) Stardard s . .| ‘Standard E o

TCITAL HOURS | Ceeificient | Enor Fiit TOTAL HOURS | Sosthient]  Efor Bt MANPOWER
Lzt ‘esr 8835 01494 0000 Lzl ttéar 0.3214 932 0,000 Last_‘fear 07504 | 02942 w2
Lergth 0480 | s 00g Clistrigt 02665 e 0006 Elewation 00004 | mooo2 007z
Eleuation no0ng 0000 Eang Eleization fanng .00 0.000 Temperature 0501 02375 Rk
&a0T U.O0ET 0O01F 0,000 Temperature 01735 00704 0014 Cionstant FEEGE] [ 0093
Moy Trucks gan | n.00sa [.000 Moy Trueks 0,003 nonzz 0.000
Constant 10588 04213 [iE] Aap0T 00038 (L0008 0.000

Constant 05632 03213 0026
MATERIALS MATERBLES MATERIALE
Bige 0.3 norde a0z Lazt Sear 4504 01567 0,000 Lagt_‘ear ng1e7 | neger 0026
Last ‘ear Lz | oEsrT oaaa Length 03T 0sa 0.0 Length 00617 | og4a .04
Elewation 00005 | 0d002 [ AADT ong opoty 0.000 Canstant sa07s | 09F0 X
Mo Trocks 0,064 00126 0,000 Mo Tracks 00153 00043 0.000
EZal nny2a RS Lo L',:Unsl.'e_inr 40033 02441 0.000
Constant 23159 8084 00
STOCKPILE ETOCERILE ETOCKEILE
Length 00G3E | 0010 0,000 Age 01595 10375 0.000 Length 0061 | DORES 0,023
Elewation 00008 | 0.0 0.000 Last Sear 04274 [ .01 District ¥ 121 3403 [l
AADT ooeE | Oonze o000 Clistrict fRikr] i 0.0 Temperature 1220 | 0aEM R
by Trucks: OO7ER. | 0pdn 0op0 Temperature 04193 Qa3 .00 Mo Trugks L0518 | OO 00pn
ESAL 0.2051 0,0098 0,000 M Tragks 0.1091 00208 0.000 Cionshant -BENE | 13480 [iXiliTi}
Conztant BT 1.2864 0,000 ESAL {11078 00205 0.000

Constant 10243 1.7023 144
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The profile of the total maintenance cost is presented Figure 5.5.2. The figure
included three stages: 5-1 (After Construction), 5-2 (After Flush), and 5-3 (After Chip).
Each stage involves the same cost components total cost, labor cost, materials cost, total

hours cost, equipment cost, and stockpile cost.

Category 5 Maintenance Cost
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Figure 5.5.2 Total Maintenance Costs for a 16-Year Life Cycle for Category 5 Roads.
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Figure 5.5.3 Total Routine Maintenance Costs vs Age - Category 5 After Construction.

Total Cost vs Age - Category 5 After Flush
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Figure 5.5.4 Total Routine Maintenance Costs vs Age - Category 5 After Flush.

Total Cost vs Age - Category 5 After Chip
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Figure 5.5.5 Total Routine Maintenance Costs vs Age - Category 5 After Chip.
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5.6 Summary

Figure 5.6.1 demonstrates a summary of annual routine maintenance cost for five
prioritization categories. Categories 1 and 2 show straight trend line while other
categories have theirs trend lines split into sections which corresponds to the segments of

the maintenance activity life-cycle for a given prioritization category.

TOTAL COST FOR ROAD CATEGORIES

$8.000
'ﬁ $7.000
§ $6.000
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Figure 5.6 Annual Total Cost per Mile for Categories 1, 2, 3, 4, and 5.

The maintenance cost on the graph is displayed for each year in a total of 16
years. It can be seen from the figure that during the first life cycle stage, the roads in
Category 4 incurred the highest total cost. The roads in Category 2 incurred the least

maintenance costs throughout the whole pavement life. It can also be seen that the total
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maintenance costs in Categories 1 and 2 are constant while those of other categories are
not. The total maintenance costs of Categories 3, 4 and 5 fluctuate through the whole

pavement life cycle.

83



CHAPTER 6

CONCLUSIONS AND FUTURE STUDY NEEDS
6.1 Conclusions

The objective of this research was to estimate the annual highway routine
maintenance cost that is important to developing budgets for maintenance of highway
facilities that has been growing in Nevada. Five prioritization categories of highways
used by NDOT were considered.

Multiple linear regression models were developed for total maintenance costs
including five maintenance cost components: labor, equipment, materials, manpower and
stockpile. The factors that influence the costs considered in this study are: history of
maintenance on a road, maintenance treatments, traffic flow, geographic and jurisdiction
locations, pavement structure, and climate. Specifically, the variables for these
influencing factors are: elevation, age of the pavement, last year pavement construction
work, average daily traffic (ADT), number of trucks, single axial load (ESAL), district
work was done, and weather conditions. It was found that all considered variables affect
the routine maintenance costs in certain ways.

Linear regression models for five highway prioritization categories classified for
the NDOT roadway maintenance were developed. Each category has different numbers
of stages and each stage has a different duration.

The analysis indicates that road age is a noteworthy factor for a number of life
cycle stages. For stages where the roadway age does not appear to be significant, the

roadway cost estimate stays constant. Maintenance activities may be scheduled at the
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times that are close to the time when a preventive maintenance or reconstruction is
scheduled. This practice is reflected in the cost model that the annual maintenance cost
may decline with time and suddenly increase at the end of their life cycle stages. Ground
elevation is another variable that was repeatedly included in the cost models. It implies
that roadways in higher elevations are likely to have higher costs due to special safety
features or extreme weather conditions. Maintenance activities differ with conditions of
infrastructure which depend on the amount of the daily traffic passing through. The
regression models developed in this study indicate that the greater number of trucks
traveling each day on the roads results in greater deterioration, which caused more
maintenance activities, and higher maintenance cost. Furthermore, the district variable
represented cost variation of three NDOT districts in the state of Nevada. The cost
variation can be visible since each district adopted different maintenance practices in
terms of the materials and equipment used.

The analyses indicate the best estimate of the highway routine maintenance cost.
The development of cost estimate models uniquely integrated the life cycle concept of
pavement which reflects the infrastructure conditions. The life cycle component varied
with each prioritization category including maintenance activities. Variables used in the
statistical analysis provide the basis for the models to be incorporated with NDOT’s
pavement management and maintenance management systems to estimate future

maintenance costs that would farther be submitted to the Nevada legislation.
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6.2 Future Study

Several research needs in the cost estimate model are apparent from this view.

First, future studies need to target larger data sample size. For instance, the data
for analysis should include additional PMS data years. The sample size is crucial in
statistical analysis which leads to model development.

Second, it is needed to understand the interrelationship between the cost
components and the interrelationship between cost components and total cost. This
understanding can be achieved by communicating with NDOT professionals about their
maintenance process, particularly which equipment or materials play what roles in which
life cycle stage. In addition, advanced statistical models can be developed to identify the

interrelationship, making the models provide more information on estimating costs.
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Table 5.1.A Regression Models for Roads in Priority Category 1

Total

Cost

FHRFHxxA**E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

cerrelate lntet AGE PAVEMENT HO TRUCKES ELEV WEATHER PERC TRUCKS

[ebE=201)
IntoL LGE PAVEMENT HO TRUO-S ELEV WEARTHER PERC T8
Incot 1.0000
ABE B.4150 1.0000
PAVEMENT -0.2345 -D.4875 1.0000
HOQ TRUCKES B.3017 B8.2225 -B8.5372 1.0000
ELEV -0.4460 -D.1113 0.0333 -D.135% 1.0000
WELTHER 0.5584 0.1475 —-0.1875 0.3325 -—-0.5710 1.00888
PERC TRUCES -0.5086 -0.4773 0.3137 O.2477 D.0230 -0.0750 1.0000
regress lnteot AGE PAVEMENT HO TRUCKS ELEV WEATHER PERC TRUCKES
Sooroe 58 dof M5 Humher of obs = 201
E( &, 194} = 62 .90
Model 15%.271264 & 33.2118773 Frobk » F = D.0000
Reaidoal 102440622 154 28044444 R—aguared = B.&6605
&437 B-squared = D.6500
Total 301.7118886 208 1.508B55943 Root MSE = .T2687
Incot Coef. Sxd. Err. L P>zl [85% Coof. Incervall
LEE .0262101 .D10538%8 2.54 0.012 .D060241 -D4T7T261
PAVEMENT -B55353 1653664 5.42 o.oBo .H6980862 1.222
RO TRUCES .ooD3s502 . DDoo507 6.91 O.oo0o .ooo02503 -ODD04501
ELEY —-.0BB6BT2 .D0Bei6ls -3.76 0.o0BB —.D0B325%6 —.D0B2887
WELRTHER 1.49752 - 2630652 3.57 p.ooo .BE68516 2.02818%9
PERE THUCES —.B556822 -DO87655 -18.91 O.0B0 —.11297T81 —.D783864
_gons 3.0D0124 1.324037 2.27 O.025 .3098836 5.612596
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Table 5.1.A Regression Models for Roads in Priority Category 1 (continued)

Labor Cost

FHRFHxxA**% ORDINARY LEAST SQUARES ESTIMATION FAeasdedsstox

. correlate lnlabor AGE AC ELEV WEATHER URBAN

HO TRUCKS FERC TRUCES

(oB3=201)
1nishnr LEE LC ELEV WELRTIHER URBAN NC IRU~S PERC T~§
Inlabor 1.0000
ABE O.4070 1.0888
LC -0.2194 -0.4875 1.0000
ELEY —0.4602 -B8.1119 0.B8333 1.0808
WELTHER 0.5731 0.1473 -0.167% -0.5710 1.0000
URBLN 0.2828 6.3545 -0.5158 -0.117& 8.2087 1.0008
HC_TRUCES 0.2306 0.2225 -0.5372 -D0.1559 0.3325 0.3701 1.0000
PERC TROCKS —-B.5055 -0.4773 8.3737 g.0238 -0.0738 -0.3888 8.1477 1.0000

regress Inlabor AGE AC ELEV WEATHER UBBAN NO TRUCES PERC TRUCES

Source 35 df M3 Humber of oks = 201

Bl Ty 143) = 58.13

Model 178.6573%6 T 25.5224852 Brabk > F = 0.0000
Besidual 84.7367712 183 .435050628 B-aguavred = 0.&783
Ad] B-=zguared = 0O.66686

Total 263.35%4167 200 1.31657084 RootT MSE = L66Z61
Intabor Caef. st Frr: T Pxlt] [353% Conf. Intervall]
ACE 0250733 . DGE%6598 2.60 0.010 0060205 0441256

at . 7995312 L1535276 5,21 0,000 A96T7238 1.102339

FIEY -.0006045 .0001474 -4.10 0.000 -.00085853 -.0003138
WEATHER 1.483417 2453808 6.05 o.0oo 5554845 1.56735
UREBEH —. 251127 .12181086 -2.14 0.033 —. 5013778 —. 0208761

NG THUCES 0003423 0000476 7.15 0.oo0 .Do02484 . 0004363
PERC TRUCES -. 09456788 .0083517 -11..28 0.0oo -.11123 -. 8781277
_¢ona Z.588496 1.208752 Z.14 0.033 2023846 4.974607
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Table 5.1.A Regression Models for Roads in Priority Category 1 (continued)

Equipment Cost

FxFHxAXxE ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate lneq AGE PAVEMENT ELEV WEATHER NO TRUCKS PERC TRUCHE

|obs=281)
Ingqg ARE PFAVEMEHT ELEV WEATHER HG TRU=-3 EERC_TﬂS
inern 1.0000
ZEE O.4:122 1.0000
FAVEMENT —-0.2117 -—-B.4873 1.80680
ELE -0.4502 -D.111% 0.0333 1.0000
WELTHER 0.5457 B.1475 -—-0.1875 -B.5718 1.0088
NG TROCES 0.291% oD.2225 -0.5372 -0.15/9 0.3325 1.0000
EERC_TEUCES —-B.4778 -—-B.4773 B.3737 B.0238 -B.0738 B.1477 1.0008
regress lneg AGE PAVEMENT ELEV WEATHER HQ TRUCKS PERC: TRUCKS
Source 55 df M5 Mumber. of ‘ohs = 201
F( & 194) = 53.88
Mnodel 211.367524 6 35.23792p7 Froh % F = D.0Boo
Reaidusl 126.837896 194 .GB5380359 E—sguarsd = D0.&250
Ad3 E-=squared = 0.6134
Total 338.205421 240 1.63180271 Roort MSE = .BOB5B
Ineqg Coef. Sed. Err. = Exlti [95% Conf. Interwval]
AGE 0339536 +O0117836 2.88 0.oco4d 0107132 057194
EAVEMENT . 98044564 .1840076 3.33 o.0oo LB175343 1.343359
ETFV - . 0006859 .DBOLFIT ~3.82 0.0DO -. 0010403 -.BB03315
WEATHER 1.509%47 L2993596 5.04 0o.eoa .8919457H 2.100438
HG TRUCES .0003586 . 0000564 6.36 0.cgo .opp2aT4 .Coods9d
PERC: TRUCHS -.0345837 0057581 -9.69 o.coo -.1138292 -. 0753382
_consg 1.52000? 1.473251 1.032 0.303 -1.3285718 4.425T32
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Table 5.1.A Regression Models for Roads in Priority Category 1 (continued)

Manpower Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION Foeassesrssiox

correlate Inhrs AGE LENGTH PAVEMENT ELEV WEATHER

WO_TRUCKES FERC TRUCES

{obs=201)
Inhra AGE LENCTH PAVEMENT ELEV WELATHER NG THU~S PFERC T-3
Inhrs 1.8000
AGE 0.4437  1.0000
LENGTH —0.4365 -0.3344 1.0000
EAVEMENT -0.2%30 -0.4875 0.2021 1.00G0
ELEV —=0.452% -0.1115 8.0150 0.0333 1.0000
WEATHER 0.53562 0.1475 -0.0703 -0.1675% -0.3571i0 1.0000
NG THUCHES 0.3743 0.22258 0.028% -0.5372 -0.155% 0.3325 1.0000
EERC:IEUCKS —-0.4777T -0.4772 0.6657 G.37T27 0.0230 -0.0750 0.1477 1.0000
regress lohrs AGE LENGTH PAVEMENT ELFEV WEATHER HNO TRUCES PERC TRUCES
Souroe 53 s b ME Humber of ochs = 201
Ef 7, 182} = 55.85
Hodel 15%1.416444 7 27.3452063 Prob > F = 0.booo
Besidual 94.,496174 193 .489617482 B-sguared = [.6693
Hds H—zguared = D.6375
Total 285.912618 200 1.423563089 Root MSE = .6393973
lnhrs Coagl. Std. EHrr. T i3 el | [95% Tonf. Intervall
AEE 0300241 0102036 2.5%4 0.o004 . 0058552 .0301451
LEHNETH -.0238673 .0108183 -2.21 0.029 -. 452045 -.D025302
EVEMENT E801899 1617337 4.21 o.ooo 3611934 9991863
ELEV -.0D0s486 . 0001555 -4.17 0.0006 -.DDD32554 —.DDB3418
WEATHER 1.3B85585 . 2551055 5.04 o.ooe . 7545431 1.816627
H$ TROUCES . DOD3564 . DO00495 7.19 O.000 . DO02587 L OOD4541
FERT TROTES —.D705726 LD107003 —& .60 o.ooo —. 0916771 —. 0494681
cons . 0084552 1.275286 B.61 B.9395 —2.586831 2.523742
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Table 5.1.A Regression Models for Roads in Priority Category 1 (continued)

Materials Cost

FxFHxAXX%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate Inma AGE PAVEMENT ELEV WEATHER NO TRUCHS PERC TRUCHS

[abe=200)

inms AE PAVEMENT ELEYV WEATHER HQ TRU~5 FPERC T~5
inms 1.0000
LEE 0.4117 i.0000
BAVEMERT -0.2580 -0.4861 1.0000
ELEV -0.3374 -D.10389 0.0267 1.0000
WEATHER 0.4533 0.1363 -0.1615 -0.5565 1.0000
NO TRUCES 0.2931 0.2182 -0.5353 -0.1442 0.3210 1.0000
EERS TRUCES -0.4865 -0.4778 0.3738 0.0221 -0.0783 0.1491 1.0000
regress loma AGE PAVEMENT ELEV WEATHER HO TRUCEE PERC TRUCEE
Sgurce 35 gf M= Humber of oba = 200
E( &, 183y = 36.24
Model 261.85123 6 43.6485484 Frob > F = 0.000D
Rezidual 232.45336%21 123 1.20442327 R-aguared = D.3298
Ed3 B-—sgusred = 0.5152
Togal 494 .344981 139 2.48414563 Bonoz MSE = 1.0873
Inms Co=f. 3td. Err. T foie ol | [55% Conf. Imtervall
AEE .0385476 016003 2.41 0.017 . 0065843 07011089
FRVEMENT L23T7TTo8 2437478 3.83 o. 000 4651944 1.4350365
ELEV —.D00503%3 . OO00243% -2.0% O.038 —.000%303 —. 0000283
WERTHER 1.606866 4159731 3.886 D.0DO . TBE4285 2.427303
HO TRUCES . 0004356 0000765 5.69 0.0oo .00D2847 . 0005865
FERC TRUCES —-.113235 0132493 —8.35 o. 000 -.1323671 -. 871029
_cons .B337666 2,032782 0.26 0,753 -3.475554 4 FA43088
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Table 5.1.A Regression Models for Roads in Priority Category 1 (continued)

Stockpile Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAeassesstx

gorrelate AGE ELEV NO TBUCES ESAL Instock

[aba=37)
ALSE ELEV HG_IRUHE ESAL Instock
ATE 1.0800
ETEY D.28186 1.0080
Hﬂ_IRUﬂKE -B0.8133 0.4282 1.0DB0D
ESAL 8.8159 0.5386 0.9534 1.0000
instock g.185%1 -0.2874 -0D.007e 0.0363 1.0000
regress Instock AGE ELEV HO TRUCES ESAL
Source 35 df M5 Humber of ochz = 3
Ft 4, 32y = 3.48
Model 48.8311211 12.2077803 Brob > F = 0.0181
Hesidual 112.3275335 32 3.31023548 H-=zmuared = [D.3030
Ady R-=guared = B.21539
Total 161.158657 36 4.47662335 Boot MSBE = 1.8736
Instock Coef. Scds Err. Bxlt] [85% Conf. Interval]
EEE 1297734 . 0599899 2.16 O.038 0073779 .2519689
ELEV — . 0032358 0009505 —3.40 0.oo2 —. 0051718 —. 0012998
HO_TRUOCES -.B6116837 .0D0Gsi8s =1.79 B.B683 -. 06023637 .0bb1544
EBETL .0DD1DED4 .0DDD464 2.23 D.DZs .BbD1152 .0DDZ2DD5E
_cons B.28628 1.94444 4.26 O.000 4,325586 12.24697

93



Table 5.2.A Regression Models for Roads in Priority Category 2

Total Cost

*xxxAxxxx* ORDINARY LEAST

SQUARES ESTIMATION st

correlate Intot LENGTH DISTRICT ACGE
[aka=%33)
intnt LENGETH DISTRICT GE
Intat 1.0000
LENGTH -0.1639 i.0000
DISTRICT 0.2913 0.2988 1.0000
AGE -0.1208 -0.1978 0.0822 1.0000
regress lntet LERGTH DISTRICT AGE
Source 33 gaf M5 Homb=r of oba = 53
Fl 3. Bay = 7.58
Model 10.6328465 3 3.5442821% Frobh > F = D.0D0D1
Regidusl 41 .5888214 89 .467290128 R-zguared = D.2036
L4hd3 B-sgusred = 0.1788
TonEal 52.2216679 92 .H67626825 Root MSE = 68359
intpot Coef Std. Errx - Bl [85% Conf. Intervall
LERGETH —.05853106 0173504 -3.25 D.DD2 —.084257 —. 0227641
DISTRICT LI5T2T67 1888611 4.08 0.000 .3883707 1.125983
AEBE —, 0447548 L0189511 -2.36 0.021 —.0BZ24835 -, 0070138
_oons 6.92418 - 3447124 20.09 O.000 6.233224 7.6093097

94



Table 5.2.A Regression Models for Roads in Priority Category 2 (continued)

Labor Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAeassersstx

gorrelate lnlabor LENGTH DISTR NO ELEV LANES

(aka=33)
Inlabor LENGETE DISTH_ND ELEV LANES
Inlakor 1.06880
LERCIR -D. 2618 1.0000
DISTH_ﬁD 0.2435 .29848 1.0000
ELEWV 0.3223 02770 0.597&80 1.0000
LANES =0.0851 -=0.8327 =0.604% =0.5521 1.0000
regress lnlasbor LEEGTH DISTE HO ELEV LAHES

Source 35 df M5 Humbaer of obs = 893
Fl %, ggy) = 11.53
Model 14_4866919 4 3.62167258 BErob > F = O.0000
Rezidual 26.7183315 88 .303619676 HE—=zguared = D.3316
Ady R-sguoared = 08.3221
Total 41.2052234 52 .447882863 Boot MBE = 55102
Inlaboz Coef. Scd. Err b+ BxlEl [85% Conf. Intezxval]
EENGTH -,1063372 LO277798 -3.83 0. ooo -.1615438 -.0511307
DISTH HNO -2.236844 . GhhE401 -3.41 o.001 -3.540189 -.9334998
ELEV 8812263 .0B8B83119 3.591 o.0Bo .000s004 .0B818401
LAHES —,4150433 +,185315§ -2.,21 0.B2s8 —. 7552682 —.D0428184
_cons 7.423424 . 7875941 5.43 0. o00o 5.858246 8.988602
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Table 5.2.A Regression Models for Roads in Priority Category 2 (continued)

Equipment Cost

FHRFHxxA**% ORDINARY LEAST SQUARES ESTIMATION FAexsersstx

correlate Ineq LYREAR LENGTH ELEV URBAN

[oba=53)
ineq LYEAR LENGTH ELEV ORBAN
Ineqg 1.00880
LYEAR -0.2848 i.opoo
LENGETH —0.20868 -0.0585 1.0000
ELEV 0.2854 0.G582 8.2770 1.0000
ORBEN —0.2527 B.067T -0.4527 -D.1847 1.00888
regres=s lneqg LYEAR LENGTH ELEV TRBANH

Sonrce 55 df M5 Humber aof gba = 93
Fl 45 Bg) = 14.64
Madel Z3.12526T6 4 5.9313169 Pxoh > F = [D.0000
Residual 35.6605457 B2 .405233474 B-zguared = D0.39935
A0% B-smuarsd = 0.3722
Total 55.3858133 92 645497971 Koot MSE = /3658
ineqg Eoef. 5td. Err. T g s | [35% Conf. Imterval]
LYEER - . TETZEIGT . 2056641 -3.73 o.ocoo ~1.175954 ~. 3585255
EENGETH —, 0935713 LO1TBITT ~0.34 0.000 - 1311393 -, 0600034
ELEY .0g03488 .DBpoB12 4.30 o.gea L0R01BTL ,O0D05101
UEBAN =, 65202 1542951 -4.23 0.oceo =.958649 -, 345391
Cong 5.585863 . 3349693 16.68 o.ooo 4_920182 6.251544
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Table 5.2.A Regression Models for Roads in Priority Category 2 (continued)

Material

FHFHxAXX* ORDINARY LEAST SQUARES

Cost

correlate Inma AADT ELEYV LYEAR

ESTIMATION kst

foba=33)
Inma LEDT ELEV LYELR
Inma 1.0000
ARTYT -0.83297 i.00B0
ELEV B.41581 -0.4751 1.0000
INEAR -0.2624 0.1207 D.0582 1.0000
regress lneg LYEAR LENGTH ELEV URBAN
Source 35 g H5 Hunber of obs = g3
Ft 4, 28) =  14.64
Model 23.7252676 4 5.5313169 Prob > E = @.0868
Besidual 35.6605457 88 .4D05233474 F—aguared = B,3555
2d3 B-sguared = 0.3722
Total 59 .3858133 92 .6435497971 Hoeat MSE = 63658
ineg Coef. Scd. Err. = BE>|t| [85% Conf. Incervail]
IYEAR — . 7672397 L 2056641 =373 0.860 =1.175954 =, 358532535
LERETE —.B855713 0178377 -5.,34 o.oDo -,1311353 —. 06500034
EEEV LOO03488 LOOo00812 4,30 0.000 LD001874 LO0D05101
OEEEHN —. 63202 1542951 -4 .23 0.0o0o —. 958649 —,347391
_cons 5.585863 - 3349693 16.68 0.0860 4.528182 6.251544
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Table 5.2.A Regression Models for Roads in Priority Category 2 (continued)

Manpower Cost

FxRFHxAFXx%E ORDINARY LEAST SQUARES ESTIMATION FAdessdksstx

correlate Inhr= ELEV DISTRICT LENGTH

{oba=53)
Inhta ELEV DISTRICT IENGETH
Inhras 1. 0000
ETLEV 0.3155 1.00D0D
DISTRICT bD.24035 B.5760 1.00EB0
LEN{-TH -0.3575 02770 0.29B6 1.0000
regress lohrs LEHGTH DISTRICT ELEV
Source 35 df M5 Humber of obs = 53
Fl 3. gay = 17.83
Model 16.3151121 3 5.43837D072 Frob > F = 0.0000
Regidual 27.1438572 89 .30498378% R-3dguared = 0.3754
Lhd3 B—sgusred = 0,3544
ToEal 43. 4586694 92 472376841 Root MSE = BH225
inhra Coef. Std. Err. = Exle] [85% Conf. Ioterval}
LERGTH —.0719182 0141654 ~5.08 0.000 —.1000645 —. 043772
DISTRICT -1.9401%83 . 6555099 -2.96 0.004 -3.242677 -.B377083
ELEV . 0012535 . 0003097 4.05 O.000 . 0008381 .D018689
_ocons 2.548279 2756304 9.25 0.000 2.000607 3.095951
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Table 5.2.A Regression Models for Roads in Priority Category 2 (continued)

Stockpile Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION Foesssessstox

agorrelate AGE ELEV HQ_TRUGRE ESAL Instook

[ob==37)
ALGE ELEV HD_IRUHE ESAL 3Instock
ATE 1.0000
ETEY D.2816 1.0000
HD_IRUﬂKE -0.0133 0.4282 1.0D000
ESAL 8.8159 0.530& 0.9534 i.0000
instook p.185%1 -0.2874 -0.0076 0.0363 1.0000
regress Insto AGE LENGTH ELEV ESAL
Source 35 df M5 Namber of ob=s = 17
El 4 1a) = 13,44
Model 8.2253045%5 4 2.05732625 Prob > FE = 0.coo2
Besidual 1.83667158 12 1533035999 B—3guared = 0.8175
BEdj B-aguared = 0O.7T5867
Tatal 10.065977 16 .625123561 Root MSE = ,35122
Inato Coef. Std. Frr L B=ltl [%5% Conf. Interwval]
AGE . 8033122 1050101 5.75 0.000 3745148 .B3210596
LENGTE L2202758 0330651 E&.54 g0.oon L1528709 3056888
BT .0o0e152 0009654 &.37 0.00a 0040486 .0082553
ESAT LO002x602 L0006712 3.37 0,006 . 0007578 L0037225
-.con3 -31.07042 53.320371 -5.84 0.000 —42. 66251 -15.47833
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Table 5.3.1A Regression Models for Roads in Priority Category 3 — Const.

Total Cost

FHRFHxxA**E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate Intet LYEAR ELEV HO TRUCES PERC TRUCES

[ebE=2Z1)
Intnt LYELD ELEV HD_TEU*S EEET_TvS
Intot 1.0000
LYELH 0.1503 1.0000
ELEV 0.1032 -0.2750 1.0000
HO TRUCES 0.3561 -0.1830 -0.2651 1.0000
PERC_TRUCKS -D.2417 -0.1347 0.2965 0.158578 1.0000
regress lntot LYEAR EIEV HO TRUCES PERC TRUCES
Sgurce ke dE M= Humber of cba = 21
B 45 i8) = 2.99
Modead: &.53210331 4 1,63302583 Frob > E = 0.0511
Residual B.75162264 16 546976415 R—sgquared = [.4274
Ad3 B—sguasred = 00,2842
Taotal 15.2837259 20 .764186297 Roct MSE = ,.73958
Intoc Coel., Sk, Erx, T Bl =) [85% Conf, Intervall
LYEAR .1440854 ,0870369 1.66 0.117 —. 0404245 +3285353
ELEV .0o03822 0001731 2,71 C.04Z 0000153 0007491
NG TRUCES .010234 00345381 2,83 0,010 00282327 0176453
E‘ERC_;"RUEE{S —.0595685 3278233 -2.14 0.048 —.1185513 —. 0005858
=ons 4.,475647 1.158518 3.86 0.001 2.015658 &.9331595
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Table 5.3.1A Regression Models for Roads in Priority Category 3 Const. (continued)

Labor Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate lnlaber ELEV AADT
([oba=21)
Inlshor ELEV AATT
Inlabor 1.0000
ELEY 0.01%5 i.co00
AEETT 0.5200 -0,4018 1.0000
regress Inlabor ELEV AADT
Source 55 af M3 Humbher of obs = 21
Ef 2, ig) = 4.45
Model 4.34378802 2 2.1718%401 Brobk » F = D.D263
Reaidual 8.71401658 18 484112032 B—aguared = 0.3327
A3 B-=sguared = D.2585
Total 13.05780486 20 .63283023 Root MSE = 69578
Inlabor CoeE. Sed. Err. o B>t [85% Conf. Interval]
ELEYV 0001364 .D001513 1.30 0.211 -.00D0122 .00D5147
LADT . D006064 . 0002026 2,595 0,008 . 0001808 . 0010313
_cone 4.685266 .BE28293 5.43 D.000 2.872529 6.498003
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Table 5.3.1A Regression Models for Roads in Priority Category 3 Const. (continued)

Manpower Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAeassesstx

correlate Inlabor ELEV AADRT
[aba=21)
Iniabor ELEW ARTT
Iniehaor 1.0000
ELEV 0.0155 1.3000
ALTT G.5200 -0.40138 1.0000
regress 1lnhrs ELEV AADT
Source 55 daf M3 Humber of oba = 21
Fi{ 2, ig) = 4.10
Model 5,21381801 2 2,.50630901 Prob > F = 0.,0341
Besidua]l 11 448342 13 .&e3601500% B-sguared = 0.3129
Ldy R—-aguared = 0.2365
Total 16. 66026 20 .833048002 Root MSE = .79751
inhra Coef Std. Exzx. £ Fxltl [85% Conf. Intervall
ELEWV . 0003016 . 0001737 1,74 0,100 — ., 00008633 . 0008665
LART 0006459 0002322 2.78 0.012 0001581 0011336
cong . 8442452 - 3883789 0.85 D.405 —1.233518 2.522017
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Table 5.3.1A Regression Models for Roads in Priority Category 3 Const. (continued)

Materials Cost

FxRFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAsdksstx

correlate Inma LYEAR ELEV PERC TRUCKS ESAL

{oba=21)
inma LYFEERR ELEV EERE_IHS ESAT
inma 1.0000
LYERR 0.298% 1.0000
ELEV 0.0204 -—0.2750 1.0000
PERC TRUCKS -0.1381 -0.1347 0. 2965 1.0000
ESAT 0.22378 —-0.,.1445 -0.2754 0.5357 1.0000
regrass lnma LYEAR ELEV PERC TRUCES ESAL
Bource 55 daf M5B Humber of oba = 21
El %, ig) = 3.23
Model 18.9064348 4 4.726608T71 Frobh > F = D.0401
Residoal 23.4085742 is 1.46303588 R-sguared = D.4468
Ed3 B—-sguared = 0.3085
Total 42 . 315009 20 2.11575045 Boot MSE = 1.2096
inma GCoef. S5td. Err., -] Prlt] [55% Conf. Inoterval]j
LYELH . 3468922 1424163 2.44 o.027 .D449831 . G488014
ELEV .0oe775 .0b0B3216 2.41 6.028 .0B00%32 .0D14569
PERC TRUCES —. 1575648 0602034 —2.62 0.018 —. 2855502 —.0303354
ESEE LO216152 LO07013 3.08 0.007 .O06T483 0364821
_song . 3680401 1.997316 o.18 0.856 -3.866081 4.602162
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Table 5.3.1A Regression Models for Roads in Priority Category 3 Const. (continued)

Equipment Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAeesdastsix

correlate lneg ELEV HO TRUCES PERC TRUCES

[eba=21})
1neqg ELEV HO TEU=S PERC T=8
ineg 1.0000
ELEV 6.2657 1.0600
HO TEUCES 0.2295 -0.2651 1.0800
PERT TEOCES ~0.2537 0.29685 0.1578 1. Do0n

regress 1neg ELEV

HO TRUCKS PERC TRUCKS

Source 55 af MS Humher of pbhs = 21

Bl 3 17 = 3.21

Model 6.33696044 3 2.11232015 Biob > F = 0D.04%24
Beaidual 11 ,.1814091 17 . B5TT2955 B—aguared = 0.3617
a3 B-sguared = D0.24591

Total 17.5183636 20 .875518473 Boot MSE = LB1101
lnen CoeEf. std. Erx B>t [95% Conf. Intervall

ELEYV .0DDD4383 .00D1Te5 Z.44 0.026 .DoDO597 .Doo8162

HO TROCES . 0O78508 .OO38305 2.13 0,048 . ODODO&45 0156372
PERC TRUCES —-.0696431 .0305074 -2.28 0.036 -.134008 -.0052781
cons 3.686508 .5526442 3.71 n.nn2 1.532211 5.780804
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Table 5.3.1A Regression Models for Roads in Priority Category 3 Const. (continued)

Stockpile Cost

FxRFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAsdksstx

correlate ELEV NO TRUCEE PERC THUCEE ESAL lnsto

lobe=21)
ELEV HD_TRU&S EERC_TwS ESAT. In=to
ELEV 1. OO
HG_TRU:ES —.2658 1.00D0
PERC_TRUCES B.2966 6.1579 1.06066
EBLRTL —0.,2754 0.7564 B.5387 1.0080
insto -0.0922 0.1846 0.1333 -D0.0237 1.0000
regrass lnsto ELEV NO TRUCES PERC TRUCES ESAL
Sourcs 35 df M5 Mumber of obs = 21
F| 4, 16) = 3.36
Model 28.8019504 4 T.20048759 Prob > F = [.0354
Besidual 34, 2757755 16 2,142235397 E-sguared =- [0,4566
ad5 R-sgumarsd = 0.3208
Tocal 63.0777259 20 3.153B8B629 Rooo MSE 1.4636
lnsto Coef. Sed, Erx T B>l £895% Conf. Intervall
ELEV - . 0008527 . 000382 -2.23 0.040 -.0D016626 -.0000428
NGO TRUCES . 0817033 ,0126579 3,29 0,005 ,0148657 .O685369
BERC TRUCES .2784646 .OBREB3R 3.14 0.006 .0904635 LAGRE4658
ESAL -.0534963 .B15517 —3.45 0.0p3 -.0B63908 - .0206018
_cons 2.629672 1.904097 1.38 0.186 -1.406834 6.666178
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Table 5.3.2A Regression Models for Roads in Priority Category 3 - Flush Seal

Total Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAeassesstx

correlate Inteot LYEAR ELEV NO TRUOCKS PERC TRUOCKS

ocba=g7)
|

Intat LYFSR: ELEV HO TRU~5 FERC T~5
Incor 1,.0000
LYERR -6.2059 1.0000
ELEV 0.076% 0.0730 1.0000
NG TRUCHS 1582 —-0.0129 —0.Z283Z 1.0000
PERC TRUCES =0.2254 -0.1285 0.3048 0.3257 1.0000

regre=s lntot LYEAR ELEV HO TBUCKS PERC TRUCKS

Source 28 df HE Nomber of gbs = a7

Ef 4, 82) = 7.90

Model 15.543163 4 3.88573074 Brol > F = 0.0000
Rezidual 40.3518287 82 .482056R52 BE-zguared = G.2781
AEdjy B—sgquared = 0.2425

Tokal 55.8950917 86 .649942927 Boot MSE = -7015
IneEGE Caoet. std. Hrr. E Bxlzl [85% Conf. Inperval]
LYERE —. 5555341 1753324 -3.10 g.003 —. 5123835 —.1587848
ELEV . 00625815 .Goaoa3a Z.48 g.001 . 0001248 . 0004582

NQ TRUCES . 00THO5T .0019203 3.86 g.o000 .BR37TES .0114158
PERC TRUCKS —-.0562486 0120881 —4.63 g.oo00 —.0802358 =.0322015
_caons 6.275678 . 4458052 14.08 o.oo0o 5.38883 T.162527
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Table 5.3.2A Regression Models for Roads in Priority Category 3 - Flush Seal

(continued)

Labor Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION Foeassesrsshox

correlate lnlabor LYEAR TEMP HO TRUCES PERC TRUCES

[ob==ET)
Inlabor LYEER TEMP HD_TRU~S PERC_T~5
Inlabar 1.0000
LYEAR =8.1925 1.0608
TEMP —-B8.15867 0.0835 i1.0808
HG_TEUCEE B.1362 -0.012% -0.0203 1.0000
FERS_TRUCES -0.3466 -—-0.1269 0.6399 0.3297 1.0000
regress Inlaber LYEAR TEMPF RO TRUCES FERC TRUCES
Soguzrces 55 g M5 Numb=xr of obs = 87
Fl 4, g2) = g.28
Model 16.4939584 4 4,.12348584 Frcb > F = @.0000
Residoal 36,4460700 82 ,4444543805 B—squared = B.,3116
Ad)y B-saguared = 0.2730
Toral 52.5400353 86 .615581852 Roct MSE = .G66668
1nlekbaox Coef Sed. Erp E Bx=| ] [85%F Comf. Tnterwval]
LYFER -.5651844 -1735001 -2.26 G.002 -.58103314 —-.2200374
TEME 37038 «13863556 2.67 g.0085 LOB4ERELT . 6461403
HO TRUCHS . 0064506 .0017441 3.70 g.ooo 002581 0055201
PERC TRUCES —. BTEE201 0144125 =5.32 0.000 —.1052512 —.0475485
_pEEE 6.553865 .233159159 28.11 G.0066 6.083572 7.0617758
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Table 5.3.2A Regression Models for Roads in Priority Category 3 - Flush Seal

(continued)

Manpower Cost

FHRFHxxA**% ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate Inhrs LYEAR HO TROCES EBAL

[2BE=8T)
Inhrs LYELR HO TRU-S ESLL
Inhts 1.0000
LYELR —-0.1437 1.0000
HO TRUOCES 0D.1394 -D.0129 1.0000
ESAL —0.1181 -D.05343 D.8628 1.0000
regress lnhrs LYEAR HO TRUCES ESAL
Sgurce S5 df MZ Humber of gha = 87
Bl 3y B3) = 10.63
Model 16.657372 3 5.3b265732 PFrob > E = 0.0000
Regidual 43.3504664 83 .B22234T776 R-gguared = 0.2776
Ld3 B-sgusred = 0.2515
Tontal 60.00B4384 BE6 .637772539 Root MSE = 1227,
Inhra CoeE. Std, Err o Exlt [35% Conf. Interval}
LYERR -. 36795044 .1817438 ~=2.02 0.048 =. 7233856 —.0064232
NO TRUCES 0174837 JO03335 5.24 0.000 0108504 0241169
ESAT. —,0132325 . 0025512 -5.21 O.000 -, 01836467 —. 0082182
cons 3.0375986 1765789 17.20 0.000 2.686388 3.388804
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Table 5.3.2A Regression Models for Roads in Priority Category 3 - Flush Seal

(continued)

Materials Cost

FxFHxAXX%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate Inma AGE LYEAR ELEV FERQ_IBUERS ESAL

{cbs=ET)
lnms LEE LYERR ELEV PERC T-8 ESAL
Inma 1.0000
ACE 0.0774 1.0000
LYERAR —0.2122 0.3240 1.0000
ELEVT 0.0451 -0G.10058 G.0780 1..60000
FERC TROCES -0.0978 -D.2301 -D.1289 0.3046 1.0000
ESAL 0.1051 -0.1829 -—-0.0543 -0.2156 0.6497 1.0000
regress lnma AGE LYFAR ELEV  PERC TRUCKES HESAL
Source S5 df M= Humber of oba = a7
Fl &, gl) = 5.03
Model 24.5575382 5 4.588583763 Frocbh > F = B.bb0s
Basidual 80.5531272 a1 -994483052 B—souarsd = [B.2368
Ad3 B—sguared = 0.1887
Iocal 105.551065 86 1.22733757 Root MSE = .588724
Irnma caet. Srd. Err. T i | [95% Conf. Imtervall
ECH 21181276 .BD61718 1.53 B.0587 —. 0038718 241925659
LYELRR =. 9185758 2708351 =3:.39 0.001 =1.457584 =, 3795755
ELEY - 00043y L0001331 3.28 0.00z2 -Dop1722 0007018
EERC_IEUCKS -.0924185 0240318 —-2.85 G. o000 —.14G2355 —. 0446042
ESEL 0113262 .DD28854 3.92 0.000 LD0ESTTL LBLTOTE3
4.059284 .T043407 576 0.0ooo0 2.657367 5.460701

COons
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Table 5.3.2A Regression Models for Roads in Priority Category 3 - Flush Seal

(continued)

Equipment Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION Feasserssiox

correlate Ineq LYEAR ELEV NO THUOCKS PERC THUCES

(okE=2=8T)

Inag LYEAR ELEV HQ TBRU~5 PERC T~5
inedqg 1.0000
LYERR -0.2220 1.0000
ELEV d.2051 a.a7s80 1. 0000
NG TEUCES 0.8211 -0.0123 -0.2832 1.00080
EERC: TRUCHS -0.129% -D.12&% 0.304%& 0.3257 1.0000

regress lneg LYEAR ELEV

HO TRUCES PERC TRUCKES

Soarae 35 df juts) Humber of obks = 87

Fr =, g2y = 7.45

ModeX 19.170877 4 4.79271925 Bropb > F = D0.0000
He=zidual 52.4653884 g2 .53982181 HE—=zguared = D.2676
Ady BR-sguared = 0.2319

Total 71.6362654 86 .832575831 Root MSE = 75585
Ineg Coef. Srd. Err  ~ Bxlt] [95% Conf. Interval]
LYELR -. 6686439 . 2044858 -3.27 0.002 -1.075436 -.2618616
ELEY . 003992 . DO00956 4.18 0.000 . Doo209 . D0O05893

HO TRUCES . 00604595 . 0621857 2.76 0.607 . 0016835 . 0104054
PERC TEUGCHES —.B585513 .B8137836 —d .25 o.oopa —-.0860114 -.B8311713
_cons 4.563725 - 3083343 8.98 O.000 3.554486 5.5376964
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Table 5.3.2A Regression Models for Roads in Priority Category 3 - Flush Seal
(continued)

Stockpile Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAexsersstx

ceorrelate LYEAR ELEV AADT HO TRUCKE ESAL lnstoe

[obBa=87
LYELR ELEV LRLDT HO TRO-E ESAL instn
LYELR 1.0000
ETEV 0.0780 1.0000
LT 0.1125 -D.4387 1.0000
HOQ_TROCKES —-0.012% -0.2832 0.5661 1.0000
ESLAL -0.0543 -D.2136 0.1846 D.8628 1.0000
Insto 0.2173 -—-0.0874 O.0344 0.097h —0.0352 1.0000

regress Insto LYRAR ELEV AADRT HO TRUCHS ESAL

Source 858 df M= Humber af cba = 87
Fl 5 gl) = 5.76

Model 20.77T61805 5 4.15523615 BFroh > F = £.0001
Besidual 58.4238941 81 .721282643 B-sguazred = 0.2623
Adi R—aguared = 0.2168

Ictal 78.2000758 86 .9820931105 Root MSE = .84828
Instco Coer. Syd. Errc. s BxiE] [95% Conf. Imtervall
LYEER 61583973 21TBETH 2.84 B.006 1858285 1.052866
ELEV —.0002582 .0p01025 =2.52 0.014 —.00048621 —. 0000543
ARNT —-.0012161 . 00025968 —4.10 o.000 —. 0018066 —. 0006256

BO TEUCES . 0334167 . 0071245 4.65% G.ooo 0152413 . 0475821
HSEL —. 02100886 .0D46032 —4. 86 o.000 —. 0301685 —.0118508
_cons 1.386547 . 6008882 2.531 0.024 . 1909675 2.582126

111



Table 5.3.3A Regression Models for Roads in Priority Category 3 — Chip Seal

Total Cost

FHRFHxxA**E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate lntot LENGTH PISTRICT

(cb==87)
lntot LERGTHE DISTRICT
Intot 1.0000
LENETH =0.2691 1.0000
DISTRICT g.0317 0.3771 1.0000
regress Intot LENGTH DISTRICT

Soorce 55 df M5 Number of chs = &7
El &y B4} = &.27
Model 5.2742942%9 2 3.13714714 Ergk > F = [.0033
Beaidual 32,0055478 &4 500145134 B—aguared = 0.1835
Adi B—squared = 0.1378
Iotal 38,.2838421 66 ,580058213 Root MSE = LT0721
Intor Coef Srd. Err T BEx|t| {BEE Con Interval}
LENGTH —. 0486206 .014094 =3.45 .00l = 0T8TTRT —.0DZ04646
GISTRITT .5030%85 1501182 2,85 0.010 L1232543 , 88250386
- cons &, 720699 4148678 16.37 0.000 5.981908 7.6194%3
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Table 5.3.3A Regression Models for Roads in Priority Category 3 — Chip Seal

(continued)

Labor Cost

FxFHxAXX%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate lnlabor HO TRUCES PERE_TRHCRS
(ob==87

Iniahor 1.0000
HZ THOCES D.0555 1.0000
FERGC TRUCES -0.3890 0.385%9 i.0000

regress Inlabor WO THUCES FERC THUCES

Source 33 df M3 Humber: gf oks = &7

E 2y gl) = 8.20

Haodel T.TAO56TET 2. 3.87028353 Bxob > F = 0.e0a7
Besidual 20.2228803 64 472232504 B-sguared = 0Q.263%
Ad5F R—aguared = 0.1750

Total 37.%634481 a6 .BTE203T6 Hoot: MSE = .,&B71%
Inlabox Cioel. Std. Brr. T Bz 1| [55% Conf. Interval]

HC TBUCES 0042463 LDO20E53 2.0& 0.044 .Do01203 . 0083723
PERC TRUCES -. 047609485 011884 -4.01 0.0a0a -. 07143256 —. 8238535
_cona 6.52351 2213524 31.%7 o.ooo 6.481228 T.365752
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Table 5.3.3A Regression Models for Roads in Priority Category 3 — Chip Seal

(continued)

Manpower Cost

FH*x****% ORDINARY LEAST SQUARES

correlate lnhrs HO TRUCES ESAL

ESTIMATION sk

(ocba=E&T)
lnhra ND_IEUFS ESAL
Inhrs 1.0000
HG_IRUCKS 0.0683 1.0000
ESAT —0.1572 0.8%344 1.0000
regress lnhrs HO TROCES ESAL
Soarce 53 df M5 Hamiber af aba = 67
=l 2% E4) = 10.28
Model 10.3003971 2 K.15019858 Brob: > F = 0.000%
Heaiduat 22.07T5854% 64 501182108 B—aquared = 0.2431
Ady B-aguared = 0.2194
Total 42 376052 685 6420613594 Boot MSE = .707%4
Inhra Cnea¥, Sed. Err, 14 B> E] {85% Conf, Interval}]
WG TRUCHS 0188254 .DD43813 4.30 0.000 LD100727 0275781
ESAT -.D0141033 .0031413 -4.4% a.9000 -. 0203787 —. 0078275
cons 3.011252 1578104 15.22 0.d00 2.61608 3.4060424
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Table 5.3.3A Regression Models for Roads in Priority Category 3 — Chip Seal

(continued)

Materials Cost

FxRFFxAXX% ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

oorrelate lmma ELEV TEMP HO TRUCES

[oba=62)
lnoma LEV TEMD ND_TEU~5
1nma 1.0000
ELEV 0.0611 1.0000
TEMD —0.2124 0.5086 1.0000
HD_TE CES 0D.1803 -0.3082 -0.0223 1.0000
regress. Inma ELEV TEMP HO
Souorce 55 Ms Humpber of obha = 62
E{ 3 58Y) = 4,36
Model 10,602 3.53400001 Brogb > F = 0,0078
Besidusl 47.0221271 .B1DT72633 B-zguared = 0.1840
Adj R-Fquared = 0.1418
Total 57.6241272 . B44657823 Roor. MSE = .Boo4
Inma Coef, Exrr 23 B>t [55% Conf. Intervall
ELEWV 000404 .8001458. 277 0.008 .8001121 . 0D0BSES
TEME -. 6368337 .2045108 -3.11 0.003 -1.046206 -. 2274602
HO_ THUCKES 0064585 00268656 2.40 0.01% 80198407 0118362
_cons 4.807910 LB313504 6.05 0.0o00 3.424031 5.101807
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Table 5.3.3A Regression Models for Roads in Priority Category 3 — Chip Seal

(continued)

Equipment Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAexsersstx

correlate lnedq

BISTRICT PERC TBUCES

cons

[oba=&6T}
Ineg DISTRICT EERC_T”S
Inedq 1.0000
DISTRICT 0,141% 1,.0000
EERC_TRUEES -0.2353 0.4364 1.0000
regress lneg DISTRICT PERC TBUOCKES
Source 55 df M= Homber of cbha = &7
B 2 62y = 4,75
Model &,.61968600 2 3,305%8435 Frch > E = 0.011%
Residusl 44, 5885999 G4  LH9BASGET4L R—sguared = [0.1283
Ad3 B—sguared = 0.,1021
cta 51.2082869 &6 .775883135 Root MEE = .83458
Ineg coet, S5&d,, Exrrx, e Exl | f25% Coni. Intervall
DISIBRICT LAT4T031 L2036754 2,33 0.023 0678148 +8815%15
PERC TRUCHS —. 0418477 .D147736 =2.83 0. 006 —. 07135589 —. 0123785
5,8015858 LAT707352 11.580 0.000 4, 861187 E&.541485
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Table 5.3.3A Regression Models for Roads in Priority Category 3 — Chip Seal
(continued)

Stockpile Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAeessdksstx

correlate AGE ELEV losto

(cCh==ET7)
AGE ELEY ln=tao
ACE 1.0000
ELFEV =0.0831 1.0000
lescao 0. 1805 -0.1853 i.0000

regress Insto AGE ELEV

Source 88 df M= Number of oba = a7
.l 8d) = 2.11

Model . T643283949 2 .382164599 Frob » E = 0B.1287%
Residual 11.5853965 64 183117307 B—sguared = 0.0618
Ad3y H-aguared = 0.0325

Total 12.355725% 66 .187268574 Root MSE = .42565
lnaca Caef. Scd. Err s Bxlrtl [95% Comf. Imtervall
ECH 0418571 .B306637 1.37 B.176 —. 0153007 10321458
ELEV —.oopnT712 . 0000504 =1..41 0.163 -, 0001719 .oooo2495
__cona .3065354 2655205 1.14 0.255 —.2314856 .B453684

Table 5.4.1A Regression Models for Roads in Priority Category 4 - After Const.
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Total Cost

FxFHFxAXX%E ORDINARY LEAST SQUARES ESTIMATION FAeeddksstox

correlate Intot LYEAR AADT ESAL

[aba=9T)
Intot LYFAR AALT ESAT
DToE 1.0000
LYEZR C.4641 1.0000
AATT 0.2634 0.1316 1.0000
ESAT -0.1415 8.1030 0.4080 1.0000
regress lntot LYEAR AADT ESAL
Source E3 df Mz Homber of cha = 37
E{ g, a3, = 16.34
Medel 1%.4650863 3 &£.480588544 Frob > E = 0.0000
Residual 34.8383448 83 .38715727%8 R-squared = [0.3451
A7 B-sguered = 0.3240
Toeal 56.4084332 98 .58758784%8 Roct MSE = ,63024
Intot Coef, Scd., Exrr E = b | [95% Cont, Inmtervall
LYERR .B25630% 1543776 5,35 0.000 L51906556 1.13219&
ALDT .0010278 . 0002821 F.64 G000 . 0O0a677 0015881
ESAT —, 00586515 . 00272581 —3.54 0,001 —, 0150712 —. 0042325
_cons 7.01172 .1372293 51.09 g.00o0 &.73821 7.28423
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Table 5.4.1A Regression Models for Roads in Priority Category 4 - After Const.

(Continued)

Labor Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAeasdersstx

correlate Inlabor LYEAR ELEV HNO THOUCES ESAL DIST2

(abka=87)
Iniasbor LYEAH ELEV WG TRU~3 ESAT DISTZ
Inlakaer 1.00800
LYEDH 0,3734 1.0000
ELEY a.2832 0.8254 1. 0000
HQ_TRUCRE -0.1455 0.0846 -0.4947 1.8868408
ESEL -D.16%4 D.1030 -D.37%0 0. 9287 1.0000
DISTZ 0.1507 -0.0618 -0.1623 0.0643 0.1632 1.080a
regre=sz Iniahor LYEAR ELEV HO TRUCES ESAL BIST2
Souree 85 df M5 Number of ghg = a7
Bl I g1} = g.48
Model 16,.8108164 5 3.38212325 Frolx > F = 0.0000
Residual 36.0620827 91 .396286623 B—squared = 0.3179
Ady] R—smuared = 0.28065
Total 52.8726951 86 .550757282 Root MSE = .62851
Inlebhor Coef Scd:. Exzx c Ex1E1 [935% Coni. Interval]
LYEAR . 710383 L, 1543174 4,60 0,000 4038564 1,.016522
ELEV .00C2533 0000773 3.28 0.00L 00009297 0004085
HO TROCKS 0270233 .010%686 2.46 0.016& .085236 .0488115
E3LL —. 0211725 . 0072303 =2.93 0.004 —. 0355346 —.00®3103
DISTZ2 4807353 13833665 3,33 0,001 1858873 , 7355834
_cons 4.6224686 4983412 5.28 0.000 3.632573 5.61236
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Table 5.4.1A Regression Models for Roads in Priority Category 4 - After Const.

(Continued)

Manpower Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate Inhrs LYEAR EIFV HO TBUCHS ESAL DIST2

(ab==297T)
Inhrs LYERR ELEV NG TRU~3 ESAL OIsT2
irhrs 1.0000
LYELR 0.4257 1.0000
ELEV 0.2420 0.02594 1.0000
WO TRUCKES —0.0897 D.0848 —0.43847 1.0000
ESLL —0.1380 C.1030 —-0.37%90 0. 9267 1.0000
DIST2 0.1408 -0.0618 -—-0.1i823 0.0643 0.1832 i.0000
regress Inhrs LYEAR ELEV HO TRUOCKES ESAL DISTZ
Source &5 df M5 Homber of cbhs = 97
El 5 91} = 10.40
Moedel 20.433887 5 4. 0BATTT4 Brabh > F = @.0000
HBeaidual 35,755%4681 81 .3525k1188 B—aguared = 0.3B636
A3 B-squared = 0.3287
Toeal 56.1%33551 86 .58534744% Booct MSE = 62687
Inhrs Coef Sed. Erre T BExlt| {85% Conf. Intervall
LYELR . B3Z20969 LA536686 5.41 G000 . 5268532 1.137341
ELEV ,D0028KR5 000077y 3.47 0.001 ,0001135 0004158
W& THUCES 0337088 .0109224 3.09 g.003 0120127 0554049
ESAT —. 02475323 L007189% -3.44 0.001 —. 0350541 —.0104805
DISTZ . 4781539 .1377847 3.47 G001 LZ045014 1518864
1.146021 LAGR2455 2.31 0.023 .16028453 2.131752

[eb it}
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Table 5.4.1A Regression Models for Roads in Priority Category 4 - After Const.

(Continued)

Materials Cost

FxRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAeassersstx

correlate Inma LYEAR DISTRICT AADT

{ocha=3a)
inma LYFEAR DISIRICT EETT
Inma 1.0000
LYERR O.6164 1.0000
DISIRICT 0.2873 0.0782 1.0000
ALDT 0. 3262 C.1300 -0.0158 1.0000
regress Inma LYEAR DISTRICT AADT
Soorce 35 df M5 Homber of obs = 98
El 3 8¢y = 30.%8
Modal 346.0885022 3 1Z2.0258341 Brobk > F = @.0000
Beaiduzsl 35.722767 g2 388250545 B—aguared = 0.50286
Ad3 B-sgquared = 0.4863
Total T1.8122652 o5 755318623 Root MSE = 62313
Inma Coetf Sed. Err T B>l {35 Cont. Incerval]}
LYELR 1.1589882 .1531137 7.58 0. 000 . 8557849 1.4/p3978
DISTRICT LJ248571 L.O086RT1S 3.36 0,001 1326583 . 51668555
ARTT .0oo8a58 . 0002558 3.48 8.001 Lao03777 .0013239
_=ons 4.764602 « 2352068 20,26 O.000 4.237461 8.231743
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Table 5.4.1A Regression Models for Roads in Priority Category 4 - After Const.

(Continued)

Equipment Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate Ineq LYEAR EIEV HQ_TRHCRS ESAL DIST2

cons

[oba=3T)
Ineg LYERR ELEV N0 THU=S ESAL DISTZ
ineg 1.008040
LYELR 0.2380 1.0000
EIXYV 0.2617 0.0254 1.0000
HC TRUCES —-0.1145 O.0846 —0.4%47 1.0000
ESRT -0.1488: 0.10300 —-0.3790 0. 3257 1.008040
DIST2 0.0607 -D.0618 -D.1623 0.0643 0.1632 1.0000
regress lneg LYEAR ELEV NO TRUCKS ESAL DIST2

Soorce 55 df M5 Number of obs = 87
E(l 5 91) = 4,386
Model 15.6175938 5 3.12351875 Brab > F = [.0013
Besidual 65,.2337384 21 716854248 B—sguared = 0,1532
Adi B-sguared = 0.1488
Total 80.8513322 96 842201377 Boot MSE = 84667
ineg Coef Sgd. Err T Ex|lTl {35% Conft. Incerval}
LYELR 5561208 L2075514 .68 0. 008 1438544 LBE24051
ELEY 0003223 000104 3,10 0,003 0001157 0005288
WO TRUCES 0343586 0147523 2,33 g.022 0050549 0636623
ESAL —, 0247738 ,00%7245 =2,95 0.013 0440885 -, 0354573
DISTZ .3T7TE5915 186098 .02 0. 046 .O0GRS306 L TA6B2523
3.7758887 ,B702511 5,64 0,000 2, 448585 5,111338
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Table 5.4.1A Regression Models for Roads in Priority Category 4 - After Const.

(Continued)

Stockpile Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAexsersstx

. correlate Insto AGE LYEAR LENGTH ELEV TEME HO TRUCKS ESAL DIST2
foab=s=12)
instd LEE LYEOR  LENGTH ELEW TEME HO TRU~S ESHT DISTZ
insto 1.0000
AGE -0.05852 1i.0000
LYEAR 0.3852 ©0.3021 1.0000
LENGTH 0.1532 0,.2400 -0.1057 1.0000
ELEV -0.3302 0.6471 -0.1367 0.8272 1.0000
TEME 0.4719 -0.3618 0.1625 0.3738 -0.4264 i.0000
HO TRUCKS 0.0%40 -0.2225 0.3462 -0.0623 -0,4726 0.7550 1.0000
ESLEL -0.2185 -0.213s 0O,.1587 -0.1873 -0,3879 0.5400 0.9276 1.0000
DIST2 -0. 5709 0.2703 0.0286 -0.674% 0.1471 -0.8591 -0,.3272 -0.0863 1.0000
regress lnﬁto AGE LYRAR LENGTH ELEV TEMPF RO TRUCES ESAL DIST2
Saurce 55 df M5 Humber of abk=s = 12
Fl &, ) = 43.81
Model 8.488835833 8 1.0611049 HBrch > F = @(.00651
Hesidual DT2662155 3 024220718 R—sguared = B.9915
Ady B-sguazred = 0.396839
Total 8.5615013% 11 .778318308 Boot MSE = 15883
1lnska Coef. S5cd.s Exx = == k= | [85% Comf. Incecwval]
AZFE 1.1501 -1311966 g.a7 G.0062 - TT25735 1.607626
LYEERR =-1.245036 . 2302504 -5.41 g.B12 =1.5877823 —. 5121454
LEHGTH 1.581587 -1796949 g.80 a.003 1.009718 2.153457
ELEV —. 014663 LD016262 -g.0z2 0.003 —.0138384 —. 0054877
TEMD -4.887366 - 3078756 -5.38 G.612 =T.T7T1558 -1.5598383
N0 TROCES LA1T24455 .B50178 .44 g.041 JB127T5T3 3321346
ESAL —. 0678323 0199266 =3.41 g.042 = 1312677 —. 004437
DIST2 6. 45832 3.532628 7.50 0.005 15.25582 37.74061
cons 41,2237 4.107304 10.04 G.0062 28.15142 54 .28357
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Table 5.4.2A Regression Models for Roads in Priority Category 4 - After Flush

Total Cost

FxRFHxAFXx% ORDINARY LEAST SQUARES ESTIMATION FAeessdksstx

correlate Intet AGE LYEAR

CISTRICT ELEV TEMF FERC TRUCES

{obs=TE&)
Invat AGE LYELAR DISTRICT ELEV IEME BERC T-5
INEQE 1.0000
AGE 0.2350 i.0000
LYELR 0.6587 0.5305 1.0000
OISTRICT -0.3061 -0.0473 G.0020 1.0000
ELEV 0.3070 -D.0182 B.0160 -D.37TL 1.0000
TEME 0.0114 -0.0775 3.05653 -0.2795 0.62486 i.0000
PERC TRUCHS -0.2387 -0.33838 0.020%5 0.1035 -0.3472 p.0752 1.0000
regress Intot AGE LYFEAR DISTRICT ELEV TEMF FERC TRUCES
Boorce 55 af M5 Humber of oba = 78
El B, i) = 28.34
Model 60.8014315 & 10.9669052 Frob > F = [0.0000
Residaal 27.4731283 71 L 3B64547 R-sguared = B.70533
&id3 B—saguared = 0O,6808
Total 493.27455498 77 1.21135752 Boot MSE = 62205
Intot CoeE, Btd. Err, © P=lt] [55% Conf. Ioterval]
AGE —. 236474 0649962 -3.64 O.001 —. 3660727 —. 1068704
IYEAR 2.144686 2024357 i1G.539 0.00oo 1.741641 2.548331
DISTRICT —.351052 100555 -3.85 o.poo -.5516328 -.1504712
EEEY LOO03949 LOD0127 3.11 O.003 LO001416 LOO0e481
THEMPE —. 4724195 1347916 -3.50 0.001 -, 7411864 —. 2036526
PERC TRUCES -.B8235862 .BB97111 -2.43 o.B818 -. 04294596 -.0042228
cong 7.681544 . 165186 5.58 0.poo 6.147882 5.215285
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Table 5.4.2A Regression Models for Roads in Priority Category 4 - After Flush

(Continued)

Labor Cost

FHRFHxxA**% ORDINARY LEAST SQUARES ESTIMATION FAessersstx

correlate Inlabor AGE LYEAR LENGTH DISTRICT ELEV TEME PERC TRUCES

{aba=T8)
Inlabor AGE LYERR LEWGIH DISTRICT ELEV TEME PERC_THS
inliagbor 1.0000
ARE 0,2974 11,0000
LYERR 0.5270 0.5305 1.0000
LENGTH -0,2778 -0.8311 0.0016 1.0000
DISTRICT —-0.3589 -0.0473 0. 0020 0. 0825 1.0000
ETEW 0.3435 -—0.0182 0.0160 0,1782 -0.3771 1,0000
TEMP -0.0415 -0.0775 0.0565 0.3697 -0.2795 0.6246 1.0000
FERC TROCES -0.3121 -—-0.3388 0.0208 0.0867 0.1835 -0.3472 0.0752 1.0000
regress Inlabhor AGE LYEAR LENGTH DISTRICT ELEV TEMP FERC TRUCKS
Source 85 af M5 Humber of pbs = 78
Ef s ey = 20.20
Model 51.7257212 7 T7.38%938874 Frob > F = 0.0000
Beaidust 25.6051087 70 355787267 B—aguared = 0,&558%
adj B—sguared = O.868358
Total 77.3308298 77T 1.0D423%64%5 Boot MSE = . 6048
lniabor CoeE. Sed. Err. L P>t [85% ConofE. Intervall
LEE -. 1560025 .DB329932 -2.46 0.016 - . 2822488 -.D287563
LYERR 1.542002 L1371177 T.82 0,000 1.1488863 1,535141
LENGTH -.0400732 .0160911 -2.439 0.0%5 -.07218658 —-.0079806
PISTRICT —.36183926 . 09584597 —-3.62 0.001 —. 5610365 —.1627487
ELEV .DDD4B23 .DDD1235 3.31 0.000D .DDD236 .DDDT7Z2B6
TEMP -, 4T8EE46 137856 -3.47 0,001 -, 7535755 -, 2035257
PERC TRUCES —.0194655 0094622 -2.08 D.043 -. 0383372 -. 0005937
eons 6.368733 . 7483418 B.51 0.000 4.876272 7.861313
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Table 5.4.2A Regression Models for Roads in Priority Category 4 - After Flush
(Continued)

Manpower Cost

FHRFHxxA**% ORDINARY LEAST SQUARES ESTIMATION FAessersstx

correlate Inhrs LYEAR LENGTH DISTBICT ELEV TEMP

(ab==TZ)
Inhrs LYERR LENGTH DISTRICT ELEV THMP
Ighrs 1.0000
LYFAR 0.56861 1.0000
LENGTH -0.3228 0.0016 1.0000
CISIRICT —0.3338 0.0020 0.0825 1.0000
ELEW 0. 2437 0. 0160 C.1762 —-0.3771 1.0000
TEME —-0,1364 0.0565 0.3837 -0.2755 0.6248 1.0000
regresz Inhrz LYEAR LENGTH DISTRICT ELEV TEMP
Souree 55 df M5 Humber of cha = T8
El{ 5, T2y = 28.50
Model 52,51530743 5 10.5838145 Probx > F 0,0000
Residual 26.739045 72 .371375625 B-squared = 0.68643
A4y B—agquarsd = 0.6410
Total 79.6531183 77 1.03452103 Boot: MESE = 605941
Inhrs Eoef 5cd:. Exx T BxlE] [353% Conf:. Interval]
LYEAR 1.37743 L1811215 8.55 0,000 1,05624 1.658615
LEWNGTH —. 0450229 LO01E1704 -2.858 0.008 —-. 0782581 —-. 0137877
CISIBRICT —. 3705877 .1000224 -3.71 0.000 —. 5659787 —. 1711968
ELEW 0005204 .0Doo106 4.91 0. 000 . 0QoO309 .DOOT7318
TEMED —=. 8163722 1254435 —4 .76 0,000 —,8744132 -, 3583312
_cons 2, 666098 .3811334 4,58 0.000 1.507627 3.824564
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Table 5.4.2A Regression Models for Roads in Priority Category 4 - After Flush

(Continued)

Materials Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate ILmnma AGE LYEAR DISTRICT TEMP

(cha=T73)
inma EEE LYEARR DISIRICT IFEMP
inma 1.0000
ACE 0.1874 1.0000
LYERR 0.&757 0.5385 1.0000
DISTRICT -0.1727 -0.0473 0. 0020 1.0000
TEME -0.0314 -0.0773 0,05865 -0.2785 1.0000

regress Inma AGE LYEAR DISTRICT TEHP

Sourcs 55 df M5 Numb=r of obs = 78
F{ 4, T3y = 23.51

Medel 110G.654255 4 27.6635748 Prob > F = @.000G6
Resgidoal 85.8858506 T3 1.1765185 B—squared = B.5630
Ady B—sguarsd = 0.5331%

Total 1%6.54015 77 Z2.552486548 Raoct MSE = 1.0847
lrma Casf. Seds Exzs E Bx=|e] [85% Comf. Imterwval]

ACE -.20587851 .10217204 -2.058 G.oG2 —.5125135 -.1070566
LYEER 3.102208 .3405961 5.11 o.oo0n 2.423399 3.781013
DISTRICT —.4882199 1689013 =2.89 0.005 —. 8248397 —-.1516002
TEME —. 355703 1765238 —-2.03 0.0446 —-.7123115 —. 0070344
_;E:é 8.1067587 . 6315258 12.84 G.0o6 6.848968 8.3660226
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Table 5.4.2A Regression Models for Roads in Priority Category 4 - After Flush

(Continued)

Equipment Cost

FFxFHFxAXX%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate lmeg AGE LYEAR DISTRICT ELEV TEMF NO TRUCKS ESAL
|cba=78)

lneg AGE LYEAR DISTRICT ELEV TEMP HO TRU-S ESAL
inen 1.0000
EEF 0.0206 1.0000
LYEAR 0-.3827 0.3305 i.0000
DISTRICT —0.4400 -D.0473 0.0020 1.0000
ELEV 6.4277T -0.0182 g.0160 -0.32771 1.0000
TEMP 0.0828 -D.077T5 0.0565 -0.2795 0.6246 1.0000
HO TRUCHS -0.2404 -0.1462 (0.0736 0.1266 -0.5097 -0.2583 1.0000
"~ Esan -0.212% -0.1853 0.0404 0.2765 -0.3961 -0.0%04 0.8345 1.0000
regress lneq AGE LYEAR DISTRICT ELEV TEMP NO TRUCKES ESAL
Source 55 af M5 Humher of ob=s = 78
El T 78} = 15.86
Model 67 .6023899 7 9S.65848427 Frob > F = 0.0000
Feaidusal 42, 6178523 70 .&508823604 B—sguared = 0.5134
a3 B-sguared = D0.5747
Total 110.227042 77 1.43152003 Root MSE = .78027
Inen Coef. Srgd. Err. . 2 B o [85F% Conf. Inmtervall
LEE —.2543175 .D762021 -3.87 o.ooo -. 4468978 -. 1423372
LYERR 1,635137 2515531 6.73 0,000 1.15%2553 2,137721
DISTRICT -. 71114863 -1372243 -5.18 O.0ooo -.9848316 -. 43746089
ELEV - 0005963 000154 3.87 0.00oo 00028531 . 0008034
TEMPE —. 7376608 1634484 —-4.81 o.ooo -1.063648 -. 4116733
HO TRUCES —. 0208803 . OO72708 —2.84 0.006 —,0351615 -, 0061531
ESRL 0137681 0083527 2.17 O.034 .001098 0264382
_cons 6.478311 1.006394%6 B5.43 0.000 4.470021 2.486602
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Table 5.4.2A Regression Models for Roads in Priority Category 4 - After Flush

Continued)

Stockpile Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate Instc AGE DISTRICT TEMP

(obs=1T)
inaco AGE DISTIRICT TEME
Insec 1.00800
AGE 0. 4222 i.0000
TRTRICT 0.5307 -0.2658 1.0000
TEME -G.06159 0.2471 G.2432 - Goao
regress Instc ACE DISTRICT TEHMP
Source 55 df M5 Number of akbks = 17
Bl 3 13) = 16.87
Model 18.8157902 2 6.27152006 BErcbk > F = [@.0001
Residual 4,833810465 13 .371831552 R—sgquared = B.7856
Ad]y B—sguarsed = 0.7484
Total 23.64560085 16 1.47810005 Rooct MSE = .60578
1nsto Caef. Sxd. Exx. ] o | [85% Comf. Tntecwval]
ACE . 8152766 1482504 5.50 G.00G .45848147 1.13563%
DISTRICTE 1.822346 2980004 6.12 0.000 1.1785586 2.,466137
TEMP =, 89332113 2695889 =3.31 o.00s6 -1.4T73623 =.31075958
_cona —-1.4571% LBTTA176 -1.4% 0.160 =3. 568773 .BH4353
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Table 5.4.3A Regression Models for Roads in Priority Category 4 - After Chipl

Total Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

porrelate Intot ESAL AGE

(obs=813)
IFLot ESAT. AGE
intot 1.0000
ESAT —0.3394 1.0000
LGE 8.1863 B8.8%13 i1.006068
regress Intot AGE EsAL
Source 55 df M5 Humker of. ochs = BS
El 2y 36) = 2.12
Model 13.2457454 2 6.6228T727 Proh > F = 0.00032
Residusl 62.4546073 886 .728216364 R-aguared = 0.1750
Ad3 B-sguared = 0.1558
Toesal T7E. 7003527 88 .BE0231328 Root MSE = .85218
Intob Caef. Std. Exx. t P=l ]| [95% Conf. Interyal]
AEE 0584655 -0450783 2.18 0.032 -0088572 .1880826
ESAL —. 3210833 LO054712 -3.85 a.00a0 —. 33198617 —. 018209
cons T7.408876 L2375515 31.15 0.8600 6.937435 T7.881513
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Table 5.4.3A Regression Models for Roads in Priority Category 4 - After Chipl

(Continued)

Labor Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate AGE HQ_TRHERE EZAL Inlahor

(ob==249)
AGE HO THRU~S ESAL. Inlisbor
LEE 1.0000
HC TRUCES —0,0385 1.0000
ESATL 0.0%13 0.9354 1.0000
Inighar 0.2150 —-0.2716 -—0.3600 1.0000
regress lnlabor ACOE HO TRUCES ESAL
Souzrce 55 df M5 Humber of okbs = 84
F{ 23, 85) = 18.75
HModel 20 . 0058739 3 G6.66862462 Brobh > F = 0.0000
Hesidual h2.5372602 g5 .61B0B5H414 HE—=sguared = D.2758
Ady R—sguared = 0.2502
Iotal 72.5431341 88 .824353756 Boot MSE = ,78518
Inlahor Coef. Srd. Err b+ Pxlr] [85%F Com Inverval]
AEE 1612536 0444267 3.63 O. 000 0729214 . 2495857
HO TROCES 0486229 0154632 3.14 0.002 LD178738 0793719
ESAT —. 0660357 8152333 -4.33 0.000 —. 0363236 —-.035747%
cOong 6.381765 L2283358 27.55 o.oop 5.527772 6.835758
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Table 5.4.3A Regression Models for Roads in Priority Category 4 - After Chipl

(Continued)

Manpower Cost

**H****k*% ORDINARY LEAST SQUARES

ESTIMATION stk

correlacte Inhrs AGE ELEV
(ob==89)
inhrs LCE ELEY
Inhra 1.0c000
ABE 0.195%5 1.0000
ELEV 0D.2715 -0.02986 1.0000
regress lnhrs ELEV AGE
Jource 53 df M5 Humber of oba = 89
Fl 2, gg) = 5.70
Model B.96832581 2 4.484164931 Frobh » F = 0.0D47
Residual 67 .682%1%3 86 .7870106% R—gguared = D.1170
4hd3 B-sguared = 0.09%65
Total T6.6512492 B8 _ET71036922 BEoot MSE = .BET:14
Inhrs Coet, Jtd. Err T e | fa5% Coni. Imterval}
ELEY .00Dig23 L00006ES 2.74 0.oo07 . 00005 L0003146
LEE 0952699 04675813 2.08 0.043 .0DD30302 1882096
_cons 1.687878 LIES4637 4. 57 0,000 .53532083 2,422147
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Table 5.4.3A Regression Models for Roads in Priority Category 4 - After Chipl
(Continued)

Materials Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate Inma TEMP

—

(ab==88

inma TEMP
inma 1.0000
TEME —-0.3743 1.0000
regress Inma TEMP

Soorce 55 df M5 Huomber of oba = 88
E{ 1, Be) = 14 .00
Model 16.5414894 1 16.54148594 Exrok > F = @,.8003
Residuaal 101.5%68084 B 1.18135912 R-aguared = D.1400
Ad3j R-aguared = 0.1300
Tatal 118.138373 87 1,35791234 Root MSE = 1.08683
Inma Coe¥f, Stda.. Err 5 Ex>| Tl [55% Con¥®. Intervaii]
TEMP -. 3907019 1044117 -3, 74 0,000 —. 5982655 —.1831383
_ecans 6.2027858 2513581 Z4., 68 0.000 BE. 703102 &. 702463
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Table 5.4.3A Regression Models for Roads in Priority Category 4 - After Chipl

(Continued)

Equipment Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate lneg AGE HO TRUCEE ESAL

{ob==E819)
Ineg LBE HE TRU-S ESELT
Ineq i.0000
LEE 0.1885 1.0000
HQ THROCES -0.250% —-0.0385 1.0000
ESAL -0.3698 0.0913 0.9354 1.0000

regress lneqg AGE NO TRUCKS ESAL

Source &5 df M5 Humber of cbs = a9
El 3, g5} = %.40

Model 24.85972555 3 8.2990585 Brabk > F = 0.0000
Reaiduad 75,0231735 85 .BB2625578 BE—aguared = 0.2452
AdF: B-squared = 0.2227

Toral 9. 3904604 88 1.135455818 Booe MSH = .53548
Inernq Coef S5rid. Err T B>t f95% Conf. Interval}

L{EE LABTTOT . 0530894 3.16 G002 .06ZF151 L2732R3

HO TRUCES .045%15878 .0184808 2.6E 0,008 0124531 .0855426
ESAT -. 0706651 0182036 -3.88 @.0oo0 —.1068587 -.0344714
_cana 5.964231 . 2728589 21.86 0.000 5.421714 &.506747
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Table 5.4.3A Regression Models for Roads in Priority Category 4 - After Chipl
(Continued)

Stockpile Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate HO TR ESAL insto

[ebh==E8%9)
HO TR EBLT. losto
HC TH 1.0000
ESAT. 0.9354 1.0G666
Iosto 0.2331 0.1442 1.0000

regress lnste NO TR ESAL

Source 558 af M5 Humher of obs = 83
Ef 2 g28) = 4.67

Model %.20066837 2 4.3503341% Frobk » F = 0.011%
Residusl 51 . 2451581 86 1.05033068 R—aguared = 0.0979
Bos B-sgusred = D.0769

Total 101.145866 88 1.14538485 Root MSE = 1.03
insen CoeEf. Sxd. Exrr. L B>1E] [85% Conf. Incerval]

NO TR 05142 .D189672 .71 0.008 .0137144 .D891255
ESAT —. 0373406 . 0186186 -2.04 O.045 —. 07453531 —.000%281
_oons --1219156 L2456962 -0.50 0.621 -. 6103433 .3665121
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Table 5.4.4A Regression Models for Roads in Priority Category 4 - After Chip2

Total Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate Intet LYEAR LENGTE ELEV TEMEP DIST1

({Oba=118

Intot ILYELR LENGETH ELEV TEME PIST1
Intoo 1.0000
LYELD O.&6607 1.0000
LENGETH 0.0755 0.onpsy 1.0000
ELEY -0.017% 0.0664 0.2045 1.0000
TEMP 0.1225 0.0538 —0.4809 0O.0003 1,.0000
BESTY 0O.1752 0.0548 -0.4520 0.1807 0.9269 1.0000
regress Intot LYEAR LEHOGTH ELEV TEMP DISTI
Source 35 af M3 Humber of obs = 118
Fl &, 104) = 23.38
Model T1.73214 a5 14.346428 Frobh > F = Q.ooop
Residual 63.8201433 104 .613655224 R—sguared = pQ.5252
Ed3j B—aguared = 0.506E5
Tocal 135.552283 i09 1.243598493 Boot HMSE = 78336
Iotot Coef. Btd. Err. T P=lt] [55% Conf, Inoterval]
LYESH 1.833821 1874925 9.78 o.ooo 1.462017 2.205626
LENGTH .0439113 .0154274 2.85 0.0065 .0133183 0745044
ELEV —. 0002154 .ooppyo2 -3.87 0.883 -, 0003546 —.00Db7EL
TEME -.5283168 L 2034104 -2, 60 0.011 -.89316872 -.1249463
DISTI 1.721629 LAETTEES 3.68 o.oon . 7940263 2.649231
cons 2.061606 LATEIIG 16.86 0.0066 T7.113574 L.00n818
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Table 5.4.4A Regression Models for Roads in Priority Category 4 - After Chip2

(Continued)

Labor Cost

FHRFHxxA**% ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate LYEAR AADT PERC TRUCES DIST1

[eb==110)
LYELR LEDT PERC_T~S BISTY
LECAH 1.0000
ALDT 0.076% i.0060
PERC TRUCES -B.B8473 -B0.28325 il.0088
II5TY 0.0549 -0.1376 0.4059 1.0000
regress Inlabor LYEAR AADT FERC TRUCHS DISTL
Soarce 35 df Hs Mumber aof oba = 110
I 1 185} = 20.20
Model 38.7010407 4 O 6TH26017 Frch > F = B.0000
RBesidual 50.29612335 105 4750107 B—sguazsd = @0.4349
Ad} B—aguared = 0.4133
Total 88.9971642 108 .816487745 Root MSE = .68211
Indsbhor Gaerf. Srd. Err. = 2=t B | [35% Comf. Imtervall]
LYERR 1.248038 1661118 T.51 g.000 JB1B86687 1.577407
ALTT —.001ig4s 0004583 =85 g.o01i1 —=.00205932 —. 000276
FERC TRUCES —. 0265551 0068258 -3.83 o.000 —. 0402876 —. 0128225
oIST1 -4187281 .1458818 2.87 G.005 .1384715 .T0759848
cons 6.844238 . 2003567 34.16 g.000 6,4465408 T.241508
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Table 5.4.4A Regression Models for Roads in Priority Category 4 - After Chip2

(Continued)

Manpower Cost

FxFFxAXx% ORDINARY LEAST SQUARES ESTIMATION FAeeskdarstsiox

correlate LYEAR DISTRICT AADT PERC TRUCEE Inhrs

loke=110)
LYERR DISTRICT ALTIT EERQ_TME Inhrg
LYEAR 1.0008
DISTRICT ~0.8205 1. 0000
AETIT 0.07&5 0.D838 1.860840
PERC_IRUCKE -0.0472 -D.2285 -D.2625 1.0000
Inhra g, 5913 -0.139% -0.0786 -0.15795 1.0008
regress inhrs LYRAR DISTRICT AADT FERC TRUCES
SouTce 55 df M5 Humber of aobs = 1io
Fl % 185) = 20.37
Hodel 29.8195309 4 9.55488272 Ercbh > F = G0.0000
Regsidual 51.3186212 105 .4BOT4EBTT3 R—sguared = D0.43659
Ad] B-sguared = 0.4155
Total 81.1381521 108 .B36125836 Rooct MSE = .68511
Intkrs Caef. S5cd. Exx E = = | [85% Comf. Imperwval]
LYEAR 1.340876 -1672558 8.02 G.o000 1.009252 1.672701
DISIRICT —. 2349570 103148 —2.28 g.,025 -, 43094813 -, 0304345
AATLT —. 0010743 0004827 =2.32 g.022 —. 0019915 —. 0001567
FERC TRUCHES —. 02165862 0065875 -3.2% 0.001 —. 0347786 —. 0086138
_;EEE 4.021273 - 2776015 14.49 G.000 2.47084 4.571705
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Table 5.4.4A Regression Models for Roads in Priority Category 4 - After Chip2

(Continued)

Materials Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate LYEAR LENGTH DISTRICT lned

(ocbha=110)

LYEAR LEHGIE DISIRICT Ine
LYFaR 1.0000
LENGTH O.0097 1.0000
CISIRICT —0.0205 0.4151 1.0000
Ined 0. 4839 01105 —-0.2388 1.0000
regress Innma LYEAR LENGTH DISTRICT
Source 35 df ME Humber of aoba = 114
Efl 3 148y = 30.406
Model 128. 602143 3 42.8673811 Prob > F = @.8000
Residaal 151.13%4¢ 108 1.425843%6 R—aguared = 0.4587
Ad7 RE-Fguared = 0.4444
Total 279.741603 109 2.56643672 Haor. MSE = 1.19241
Innma Caoe¥E, std.. Exrn, = Bzt [55% Conf, Intervall
LYFRR 2.466831 L284T4E62 8.66 0.000 1.5802294 3.031368
LENETEH .D475158 0217886 Z.18 0.031 0043178 0907135
DISTRICT -. 6710021 . 1884322 -3, 56 0.001 -1.04458T7 -. 2974165
_cons £.22560 +3158628 19.71 0. 000 5,.599461 £.851018
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Table 5.4.4A Regression Models for Roads in Priority Category 4 - After Chip2

(Continued)

Equipment Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAesearsstx

correlate lneg LYEAR LENGTH DISTRICT NO TRUCKS

cons

(ocha=110)
I1n= LYERR LFHGTH GISTRICT HO TRU-S
ineg 1.0000
LYERR O.483% 1.0000
LEHETE 0.11085 0O.0097 1.0000
DISTRICT —-0.2388 -0.0205 0. 4151 1.0000
HC TRUCES -0.252% —0.,Dige -0.3021 -0,1631 1.0000
regress lneqg LYEAR ELEV NO TRUCES ESAL DISTZ
Soorce 55 df M5 Number of obs = 87
E( 3, g1} = 4.38
Model 15.68175838 5 3.12351875 Exrobk > F = QO.0013
Residual &5,2337384 41 7163542468 B—smuared 0.1532
Adi B-sguared = 0.1488
Total 80.8513322 o6 842201377 Roor MSE = -B4667
ineg Coef Sgd. Err T Ex|l Tl {35% Conf. Intcerval}
LYELR 5581298 L20TE514 2.68 0. 00s 1438544 9684051
ELEV 0003223 000104 3.10 0,003 0001157 ., 0005285
HC THUCHES 0343586 0147533 2,33 0.022 0050549 0636623
ESATL —. 0247733 L00%7245 =&, 55 0.013 —. 0440805 —. 0054573
DISTZ .3TB5915 .138058 2.0F 0. 046 0085306 LTAB2523
3.7755R7 L B702511 5,64 0,000 2,448585 5,111338
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Table 5.4.4A Regression Models for Roads in Priority Category 4 - After Chip2

(Continued)

Stockpile Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAeasdesstox

correlate AGE

LEHNGTH ELEV TEMF HO TRUCKSE PERC TRUCKS ESAL DIST1

[obE=110)
LE LENGTH ELEV TEMP HO TRO~S PERC T3 ESLL BISTY
LGE 1.0000
LENBTH —-0.0352 1,0000
ELEV -0.1556 ©0.2045 1.0000
TEMP -0.1925 -0.460% 0.0003 1.0000
HNO TRUCHS -0.21%33 -0.3021 0.0068 0.3728 1.0000
PERC_TRUCZE -0.2274 -0.2760 0.1803 O.4550 O.56588 1.0000
- ESRL -0.1306 -0.2837 -0.0D07 0.3628 0.9603 D.62586 1.0000
PISTI —0.1962 -0D.4320 0.1807 0.39289 0.3137 0.4053 0.2856 1.0000
regress Ilnsto AGE LENGTH ELEV TEMP HO TRUCES PERC TRUCES ESAL DIST1
Souzog 55 af M5 Humber of obs = 1ig
Ft &, 103y = 6.08
ModeX 107.651414 B 13.4564268 Broch > F = 0.0000
Hesidual 223.453894 101 2.21241479 BE—=souared = 0.3251
Ady B-—sguared = B0.2717
Total 331.105308 188 3.83766337 Boot MBE = 1.4874
Inato Coef. Srd. Erx b+ iz A | [85F Conf. Inverval]
EEE .235226 0784062 3.05 o.003 0836892 3947627
LERGTH —.0785296 . 0302553 -2.60 0o.011 —.1385481 —. 0185112
ELEV .0De6R51 .0001439 4.83 g.0006 . 0004096 .Doo9sgos
TEMP 1.538358 . 4304056 4.50 o.opo 1.084585 2.752207
HCO TEOTES .OBG3577 0214371 4.03 O.000 .O438323 1288831
FERC TRULES —. 0869636 0212588 —4.09 o.oo0o0 —.1291373 —. 0447918
ESAT -. 85771581 LO01659261 -3.41 g.061 —-.0913349 —-.0241814
BISTI —4.746338 . 54245538 -5.04 o.ooo —6.615517 -2 .876753
_Ccong -4 528344 1.099818 -4.192 o.000 -6. 710087 -2,.346602
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Table 5.5.1A Regression Models for Roads in Priority Category 5-1

Total Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate Intot AGE LYEAR ELEV NO TRUCHS

(Ooba=15%5)
Intot EEE LYELRR ELEV HO TRU~3
Intot 1.0000
LGE 0.3100 1.0000
LYELRR 0.4606 0.3906 1.0000
ELEV O.2884 -D.1161 0.0518 i1.0000
HO TROEES —0.1829 —0.0&18 0.0128 0.1391 1. 0000

regress Intot AGE LYEAR ELEV HO TRUCHS

Source 88 df M= Number aof oba = 158
Fl 4 154y = 21.87

Model €2.1471337 4 15.5367834 Frob > E = 0.0000
Besidual 108.929783 154 .7073362495 B-sguazred = 0.3633
Ady R—asguared = 0.3467

Total 1710764823 158 1.0G8276534 Root MSE = .B84163
incot Coer. Sed. Err. T BFlel [95% Conf. Imtervall
EEH 11599446 0436563 2.66 g.009 0297522 2022371
LYERR .8923423 1679856 L b o.ooo0 5604887 1.224196
ELEF 0004304 .0oopaeTs 4,50 o.000 . 0002568 000604

B THOCES -.0121785 . 063588 -3.39 G.ao1 —.0183666 -.0050504
_cons 4.836265 4583481 1e.588 o.o00 3.930804 5.741724
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Table 5.5.1A Regression Models for Roads in Priority Category 5-1 (continued)

Labor Cost

askxkseks ORDINARY LEAST SQUARES ESTIMATION s

correlate Inlabor LYEAR

ELFVATICH AADT NO TRUCHES ESAL

(ocba=15%)
1ndabor LYERR ELFEVAT~N AATIT HD_IRUhﬁ ESAT
Inlabor 1.0000
LYEAR 0.3703 1.0000
ELEVATTION 0.3022 0.0518 1.0000
ARTT -@. 0915 0.0672 0.1368 1.0000
MD_TEUCKE =0. 2073 0.01286 0.1351 0.a080 1.0000
ESATL =f0.16532 -0.0045 0.1833 0.6374 0.595440 i1.0000
regress Iniabor LYEAR ELEVATION AADT NO TRUCES ESAL
Source 55 df M5 Humker of cha = 1558
F{ & 158) = 13.53
Modet 44 1826117 5 B.83652234 Broly > F = Q0.Dpoeag
Residusl 39. 906016 153 .&52980497 B-aguared = {0.30686
Ad3 B-gguared = 0.2840
Total 144 . 0886238 158 91195334 Raot MSE = .BDB07
Iniakor Caef. Std, Erx. t Pl &1 [35% Conf. Interyal]
LYELR . THET338 1485627 5.15 0.008 LA4T22348 1.055%233
ELEVATION LO003346 .O0oc879 3.81 d.00o0 0001609 0005083
AZTT 004948 .go22151 2:.23 0,027 0005655 0053222
NG TRUCKS —.D53462 0184092 -2.90 D.004 -. 089831 -. 0170931
HESAT 0233371 .D1166 1.59 0.048 0002018 0452724
_cons 4.,467349 LA228828 10.56 O.000 3.631906 5,302792
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Table 5.5.1A Regression Models for Roads in Priority Category 5-1 (continued)

Manpower Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate lnhrs LYEAR LEHGTH ELEV AADT HO TRUCES

[oBa=359)
1nhrs LYELE LENGTH ELEV LLPT HG THOS
Izhra 1.0000
LYELHE O.41867 1.0000
LENGTH -0.0212 0.04598 1.0000
ELEV pD.2358 p.nos518 0.2954 i.0000
LLDT 0.0268 0.0673 0.0424 0.1368 1.0000
HG THOCES —-0.1738 0.0128 —0.0831 0.1391 O.B0BOD 1.0000
regress lnohrs LYEABR LEHGTH ELEV AADT HO_TRUCES
Source =23 dE M= Homber of cha = 155
BL 5, 153, = 16.40
Model 54.1314808 5 10.8262562 Frobh > E = 0.0000
Residusl 100.,.972129 153 JBER948557 BE—squared = [O.34590
Afd3 B-souared = 0.3277
Total 155.10361 158 .981668418 Root MESE = ,81237
inhrs Coef, S5d, Exrx, T Bxl el [35% Conf., Iotervall
LYEAR 8834783 14535815 5.1 0.000 5883415 1.173615
LENGTH —. 0480238 0182775 =ZF.83 0. 009 —. 0841326 —.011915
i Fog's 0003707 . 0000883 4,20 0,000 0001583 0005451
ARDT .D066544 0016778 3.97 0.000 . 0033398 00998691
HO TROCES —.0310785 .00594356 -5.23 0.000 —.0428206& —. 0193364
_cens 1.058874 LA4Z21ZB46 231 0,013 JZZR5886 1.89114
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Table 5.5.1A Regression Models for Roads in Priority Category 5-1 (continued)

Materials Cost

FxRFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAsdksstx

ocorrelate lnma ACE LYEAR ELFEV NO TRUCHS ESAL

(oh==15%8)
Inma AGE ILYEAR EIEV HD_TRU&S ESAT
Iinms 1.0000
EGE 0.3202 1.0000
LYEAR 8.3968 0.3306 1.6086
ELEV B.2337 -B.1161 0.08518 1.0088
HD_TEUCEE ~0.2211 -0.0618 o.0l126 0.1391 1. Do
ESETL -0.1024 -0.0688 -0.0045 0.19493 0.9440 1.0000
regress lnma AGE LYEAR ELEV  HO TEUCES ESAL
Source 35 df M5 Humbar of oba = 159
Fl 5, 153) = 20.08
Mofdel 207.195314 3 41.4390629 Broh > F = 0.0000
Hesidual 316.109427 153 2.06607469 H—sguared = 0.3959
BdYy R-sguared = B0.3762
Total 523,304742 158 3.312p5533 Boot MBE = 1.4374
1nma Coef. Scd. Ex= B>t [95% Conf. Interval]
LEE 2318011 .D74622 3.11 0,002 -.DB43786 - 3792235
LYEER 1.33736 2876719 4.63 O.000 . 7690378 1.905681
ELEV .0D05601 .8881537 3258 B.661 .0D01965 . 00680637
HO_TRUGES —. 1063657 .0186356 -5.71 0.opo -.1431813 —.06554585
ESAL - O722052 01545 4.67 0.000 0416824 1027281
_oons 2.913926 . 083612 3.61 0o.00o0 1.318936 4.5312917
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Table 5.5.1A Regression Models for Roads in Priority Category 5-1 (continued)

Equipment Cost

FxFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAeesddksstx

correlate Ineq LYEAR ELEV NO TRUCHKS

{oba=15%5)
Ingg LYEARR ELEV HO TRE=S
Inen 1.0000
LYELRE 0.34595 1.0000
ELEV 0.4303 0.0=18 1.0000
NO TRUCES -D.1688 0.0126 0.13%31 1.0000
regress lneg LYEAR ELEV HO TRUCES
Bource 35 daf M5 Fumber of obs = 155
El 3, 15a3) = 27.41
Model Ta.1589433 3 23.0529811 Prob > F = O0.00oo
Residoal 141.656812 155 .513514918 R—=guared = 0.3466
Ld3 B-sguoared = 0.3340
Tocal 216.8153735 158 1.372235162 Boot MSE = .95599
Ineg CoeE. Std. Exrr. B Brlt] [55% Conf., Ioterval]
LYERE . 5864039 17495498 5.07 0.000n . 3407906 1.232017
ELEV . 06066719 . 0000589 &.79 b.ooo . 0004765 .0o68&73
HO_TRUCES —. 0145571 . 0040727 -3.58 o.ooo —. 0226423 —.00B552
_Ccong 2.541259 . 4832225 5.26 0. 000 1.586707 3.49581
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Table 5.5.1A Regression Models for Roads in Priority Category 5-1 (continued)

Stockpile Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAeassesstx

ocorrelate lnsto LENGTH ELFV AADT NO TRUCHS ESAL

(oh==23)
In=to I.FRGTH EIEV LADT HD_TRU¢S ESAT.
inscn 1.0000
LENETH —0.1309 1.0000
ELEV 0.0417 8.5288 1.6086
LERT b.56808 0.0566 0.2585 1.0088
HG_TEUCEE 0.4430 O.1387 0.3812 0.8340 1. Do
ESETL 0.3364 0.2259 0.4761 0.0307 0.4911 1.0000
regress Insto LENGTH EBLEV AADT WG TROCES ESAL
Source a8 df s Humber of cbs 23
El 5, 17y = 136.0%5
Model 8.02231756 5 1.60446355 Froch » F = 0.0000
Besidual .200425272 17 .011789722 B-=zquarsd = 0.9756
Ady R-aguared = 0.8685
Toral 8.22274323 22  L3273761056 Rocn MSE = .10858
Insto Casf. Srd. EEE. b i el | [95% Conf. Imtervall
LENGTE —. 0532154 0109589 —4 .86 0.000 —. DT63406 —. 0300982
ELEV —. 0005957 .0ooeTs7 =7.87 o.ooo —. 0007554 —. 0004361
LALDT . 0580587 0026274 22.10 0.000 0525154 0636021
FQ THRUCES —-.27655954 .02122 -17.75 6.0006 —. 4213657 —-.221825
ESEL 2050533 0053063 20.51 0. o000 1843635 2257427
_cons 3-.783136 . 2863566 1321 o.ooo 3.178976 4.3872595
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Table 5.5.2A Regression Models for Roads in Priority Category 5-2

Total Cost

FHRFHxxA**E ORDINARY LEAST SQUARES ESTIMATION FAexsdesstx

correlate lntot LYEAR DISTRICT

ELEV TEMP AADT HO TRUCES

[obha=448)
Iotot LYEER DPISIRICT ELEV TEMP AAPDT HO TEU=3
Intot 1. 0000
LYEAR 0.5044 i.00608
PISIRICT 0.1047 B.08213 1.00B00
ELEV 0D.2156 0.0251 0.2700 1.0000
TEMP 0.0510 0.0261 -0.6788 0D.0365 1.0000
LEDT B.21i6 6.8793 0.2368 B8.8955 -0.8731 1.86068
HO TRUCES 0.0675 0.1501 D.2541 0.BE58 -D0.1125 0.6312 1.0B000
regress lotet LYEAR DISTRICT ELEV TEMF AADT HO TRUCKE
Source 35 df M5 Homber of oba = 447
Fl &, 151 = 359.45
Model 224,355595 & 37.33526583 Frob > F = D.0D00
Rezsidusl 418.009027 441 .94TEBE2T4 R-aguared = D.3493
Ad] B-sgusred = 0,3404
Tontal 642 .364977 447 1.43705811 Rooe MSE = .57358
Intot Coef. Std. Err T Bl [35% Conf. Interval}
LYERR 1.40713 108231 13.00 0.DDoo 1.154417 1.6195842
DISTRICT 2372211 1119491 2.12 D.0338 017201 4572412
ELEV . 00018286 .0DDD513 3.56 0,000 . 0000817 .ODD2835
TEMP -1626083 081763 1.99 0.047 .0O019148 .3233018
LLDT .0D5239839 .Doos784 5.42 0.000 .0D33761 .0D72218
NO TRUCES -.D106704 .0D25446 -4.1% 0.000D -.DIB6E718 -.DDB669Z
_cons 4.844473 3733005 12.58 o.000 4.110804 5,578143
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Labor Cost

correlate Inlabor LYEAR ELEV TEMP

AADT HO TBUCES

FxRFHxAFXx%E ORDINARY LEAST SQUARES ESTIMATION FAdessdksstx

Table 5.5.2A Regression Models for Roads in Priority Category 5-2 (continued)

regress lnlahor LYEAR ELEV TEMF AADT HO TRUCHS

[oba=445)
Iniabor LYERH ELEV 1EME AADT NO THU~S
Imighar 1.0000

LYFaR 0.4203 1.0000
BELEV d.27386 0. 0251 1.0000
TEMP 0.1160 0.0261 0.05865 1.0000
ARDT 02019 0. 0753 0. 0855 -0.0731 1.0000

HC TROCES 0.0538 0,1501 0.08%38 —-0,1125 0,68312 1,0000

Source 55 af M3 Humber of obs = 448
El 5, 442) = 37.49

Model 128.147173 5 25.6294346 Praob > F = D.pooo
Residoal 362.157231 442 5683613645 R—aguared = @.2%78
id3 B-sguared = 0.28355

Total 430.304404 447 962649674 Booc MSE = ,.82681
Inlabor Coef, Eud. Err. T Pt [535% Conf. Ioterval]
LYEER . 9527239 .0919136 10.37 0.000 .TT2082 1.133366
ELEV . 0002425 .0BB035%7 G.11 0.0oe0 . 0061645 . 0003204
TEMP .1070661 .0478521 2,24 0.028 .0125415 .2011507
EEDT L O043357 . DO008288 5.23 o.000 . D0270608 LO059646

HO TROUCES —. 0073938 .0021214 -3.58 0.000 —-.0117631 —. 0034246
_cons 4.415569 .21533593 28.51 0.00e0 3.5592352 4.8387858
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Table 5.5.2A Regression Models for Roads in Priority Category 5-2 (continue

Manpower Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAeassersstx

correlate inhrs LYEAR DISTRICT ELEVY TEMP NO TRUCKS AADT

(mks=248)

d)

lnhrs LYEAR DISTRICT ELEY TEME NO TRU-3 LEDT
Inhira 1.0000
LYESR 0.4019 1.0000
ISTRICT 0.1420 0.0213 i.0000
ELEY 0.3022 0.0251 0.2700 1.0000
TEMP a.0552 0.0261 -0.6788 0.0565 1.0000
NG TEUCES 0.0553 0.1501 0.2841 0.0658 -0.1125 1.00040
BEDT 0.1882 0.0753 0.2368 0.0855 -0.0731 0.6312 i.0000
regress lnhrs LYEAR DISTRICT ELEV TEMP NO TRUCKS AADT
Soorce 55 df M5 Humber of obs = 448
El &, 241 = 30.7%
Model 1268, 746003 6 Z1.6243338 Exobk > F = 00000
Besiduzl 308,71831 441 .702311386 B—squared = 0,2852
Ad3y B-squared = 0.285%6
Toral 43%,.465313 447 .983143876 Roct MSE = ,83804
ighrs Coet. Stgd. Hrr. T BEx| | {85% Conf. Interval}
LYELE .8218267 .0831629 9.80 0. 000 .7388282 1.105025
DISTRICT .2BR5415 .0583634 2,77 0.0086 0771525 LA5553
ELEV .0002287 .0000442 5.18 0.000 .0001419 .0003156
TEME .1734537 .07037%8 2.47 0.014 .0351722 .3118152
NO TRUCKS -. 0083077 .00OZ1904 -3.79 0. 000 —.012612%6  -.0040029
AAnT .00375% .0008422 4.4 0.000 .0021038 .0054141
_cons .5532449 .321329 1.72 0.0886 -.0782815 1.184771
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Table 5.5.2A Regression Models for Roads in Priority Category 5-2 (continued)

Materials Cost

FxRFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAeesdastsix

pcorrelate lnma LYEAR LENGTH AADT HD_THUCES

|obs=24E)
inma ILYEAR LERGTH AxDT HO TRO=S
Iinms 1.0000
LY¥FEH g.5190 1.0000
LEHGTH 0.0574 g.8176 1.60686
LEDT B.15%41 p.p787 -—-D.2534 1.08880
HG TRUTES O.0340 0.1493 -0.2335 0.6310 1.0000
regress lnma LYRAR LEHGTH AADT HC TRUCES

Source 55 df M5 Humber of ohs = 446
F{ =%, 441y = 52.586
Hodsl A96.47556 4 149.11889 Brpgb > F = 0.0000
Hesidual 1241.79996 441 2.815387292 E—=sguared = 0.3245
Ady R—=gquared = 8.3183
Total 1838.27552 445 4.13055622 Boot MEBE = 1.6781
Inoma Coef. Std. Erz. b+ Bxltl [96% Conf. Intezval]
LYEER 2.460389 .1867097 i3.18 O.000 2093437 2.82734
LENGTH LO37T066 0168997 2.23 0o.026 0044926 0709205
LADT .0100314 .0B17168 B5.8& 0.000 .D066691 8133937
HO TRUGCES —. 016253 .0pa2587 -3.78 o. oo —. 0247015 —. 0078044
_cons 4 .009854 2441138 16.43 o, 000 3.530083 4,.489625
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Table 5.5.2A Regression Models for Roads in Priority Category 5-2 (continued)

Equipment Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAeassesstx

correlate Ineqg AGE LYEAR LENGTH ELEV AADT RO TRUCES

{obg—=448)
lreqg AGE LYEREH LENETE ELEYT BANT NO TRU~S
Inedq 1.06808
AGE —0.0600 1.0000
LYEDR 0.3222 0.3341 1.0000
LENGTE g.1162 -G.0323 0.0158 1.0000
ELEV B.2275 -D.0D457 0.0251 0.0743 .poop
AATT 0.1688 -0.1297 0.0753 -0.23938 - 049535 1.0000
NO TRUCHS 0.0216 -0.0459 0.1501 -0.2343 . 0658 0.6312 1.0000
regress lneqg AGE LYEAR LENGTH ELEV AADT NO_TRUCKS
Soorce 85 df M3 Nomber of ohs = 448
El & 441 = 21.45
Model 156.023058 3 Z26.003843 Brabk > F = G.0000
Beaidual 534 .518588 4431 1.21206024 B—sguared 0.2255
Adi B-sguared = 0.2154
Total &6590.541625 447 1.54483585 Boop MSE = 1.100%
inersq Coef Std. Err T Ex>lE] {35 Cont. Interval]
LEE —. 088873 0302746 =327 0. 001 —.1583734 —. 0383725
LYEAHR 1,075484 13077 8.22 0,000 L.8184745 1.332454
LCENGTH 0308772 0111894 2.76 0.008 .0088B8ES 052869
ELEV 0002371 0006531 4,51 o.000 .0001348 0003434
ALTT .005231Z 0011377 4.60 0000 .OD0Z9852 0074672
HC TRUCES -, 0087231 0028206 —-3.45 0,001 —, 01525855 -, 00417586
_cons 3.%243876 3056014 12.90 0.0o00 3.343059 4,.544232
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Table 5.5.2A Regression Models for Roads in Priority Category 5-2 (continued)

Stockpile Cost

FxRFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAsdksstx

Dependent Variable:

stockpile

correlate lnste AGE LYEAR DISTRICT TEMF HO TRUCEE ESAL
[oba=3140)
Instn LZE LYELR DISTIRICT TEMPE NC THU~S ESLL
Ingtn 1.0000
ABE 0.3571 . D000
LYELE O0.3602 4130 1.0000
DISTRICT 0D.2624 -0D.DT753 D.D263 1.000D
TEMF O.0877 0928 -0.034% -0D.314% 1.0000
HO TRUCES 0.15%03 -0O,0383 0.2577 0.1223 0.1524 1.0000
ESRL 0.1553 -0.029%86 0.2457 0.1160 O.1557 0.9350 1.0000
regress lnsto AGE LYEAR DISTRICT TEMF HNO TROUCES ESAL
Source t=1=1 af MS Humbher of obs = 14D
E(l &, 133} = 17.47
Model 858.92603967 B ©.B2673278 Frob » F = 0D.0DOD
Feaidoal 74.8132101 133 562505335 B—sguared = 0.4407
ks B-sguared = D.4155
Total 133.773607 135 .3952400049 Root MSE = .15
Instn Coef. Sed. Erp L Pt [85% Conf. Imtervall
LEE 1534967 .D3T4366 4.28 0.000 .0883298 .23366338
LYELR LA2TAIGHE L1665487 2.57 0.011 . 0380029 . TE68567
BISTRICT 1.032086 2031803 5.08 O.DoDo 8302035 1.433969
TEMF 4192842 .1138237 3.50 D.0D1 1822776 . 6562308
NO TRUCHS .103052% .D206237 5.29 0.000D . 0682599 1498488
ESATL =,1076391 . 0204871 =h.258 0.000 —=,1481617 -, 0671164
_cons 1.034327 . 1029167 1.47 D.z144 -.3560153 2.4248669
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Table 5.5.3A Regression Models for Roads in Priority Category 5-3

Total Cost

FHRFHxxAX*E ORDINARY LEAST SQUARES ESTIMATION FAesdesstx

correlate Intot AGE
[oba=594)

Intor ASE
Intoe 1.0000
LEE 0. 2307 1.0000
regress lntet AGE

Source 33 df M35 Humb=r of oba = g4
Fl 1, az) = 5.17
Model B.14379664 1 8.14373664 Prob > F D.0253
Residual 144.%06453 22 1.37307014 R-zguared = D.0332
A3 B—aguar=d = 0.0423%
Total 153.05025 93 1.84570161 Eoot MSE = 1.255
Intpt Coef SJtd. Err T Bl [35% Comf. Interval}]
BEE 183007 .0ep4g3 2.27 D.D25 p231608 . 3428533
_&ons 7.28343%9 J2BRT35T 28.04 0.000D B.767381 7.729297
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Table 5.5.3A Regression Models for Roads in Priority Category 5-3 (continued)

Labor Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAessdksstx

correlate Inlabor AGE

[oba=594)

Inisbnor EEE
Inlabox 1.0000
LZE 0.2515 i1.0000

regress lnlabor AGE

Source 535 di M3 Homber of obha = G54
L 1, a3 = 6.21

Model 5., 40695142 1 5.406%5142 Frob > E = 0.0145
Residual 139.318583 92 1.51433243 R—sguared = [.0633
Ay B-sguared = 0,0531

Tatal 148.725535 23 1.,5991933 Root MSE = 1.2308
Iniabor Coel, 5. Exx E B> =) [35% Conf, Incervall
EEE L1966884 078916 2.4%9 0.014 .0339545 »3534223

cons 6.315375 .254KBTES 24.80 0. 000 5.809562 6.821189

155



Table 5.5.3A Regression Models for Roads in Priority Category 5-3 (continued)

Manpower Cost

FxRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION Foeaessexsshox

correlate LYEAR ELEV TEMP

(Oba=354)
ILYELRR ELEV TEMEP
LYELH 1.0000
ELEY o.1087 1.0000
TEME 0.0889 0.6096 1.0000
regress lnhrs LYEAR ELEV TEMF
Soorce 55 df M5 Homber of obs = 54
El 3 907 3.86
Model 17.56585854%1 3 5.89651405 Brob > F = 00120
Beaidusl 137.482547 50 1.52758386 R—sguared = 0,1340
Ad3i B-sguared D.0845
Ioctal 155.172089 53 1.6685170% Root MSE e= 1.236
inhrs Coet. Sed. Err T BEx|t| {85 Conf. Interval}
LYELR J1504377 . 2942209 2.55 0.012 LAB5E91A6 1.334859
ELEV .0003B5S .00p2007 1.82 0.072 —.0000328 , 0007645
TEMP -.5010887 »2375427 =-2.1%1 0.038 -.9730088 -, 0291687
_eons 2.260878 8511249 2.66 0.008 5659607 3.,9351786
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Table 5.5.3A Regression Models for Roads in Priority Category 5-3 (continued)

Materials Cost

FHRFHxxAX*% ORDINARY LEAST SQUARES ESTIMATION FAessersstx

correlate loms LYEAR LENGTH

(cba=54)
1nma LYEAR  LENGTH
inma 1.0000
LYEAR 0.2325 1.0000
LENGTH 0.2138 00307 1:0000

regress lnma LYEAR LEHGTH

source 35 of M5 Humber of obs = g4
Bl 2, a3y = 4.88

Model 12.3505533 2 6.475295354 Frob > F = 0.0087
Rezidual 120.807931 21 1.32736034 R-zguared = D.09%68
Lh3 B—3gusred = 0O.0770

Togal 133.75859 3 1.43826441 Booe MSE = 1.1522
Inma Coef. Stii. Err. T Bxl] [535% Conf. Imtervall}
LYELR .61B6RE86 2726721 227 D.026 -0770589 1.160318
LENGTH 0817458 . 0249284 2.08 0.041 .DD222858 1012631
_cons 5.3078 1369603 25.335 0.000 5.516561 6.233038
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Table 5.5.3A Regression Models for Roads in Priority Category 5-3 (continued)

Equipment Cost

FxRFHxAXx% ORDINARY LEAST SQUARES ESTIMATION FAsdksstx

correlate loeg LYEAR

|cba=54)

lneg LYERLE,
Inen 1.00600
LYFER B.2385 1.0000
regress lneg LYEAR

Jource 33 af M5 Humber of oba o4
Fl 1, azy = B5.57
Model 10.8823736 1 10.8825736 Frok > F = D.0204
Regidual 17%.81200% 92 1.55447836 R-3guared = D.0371
Lhdj B—sgusred = 0O.0468
Toeal 190.694583 93 2.050479339 REoot MSE = 1.398
lneng Coef Stg@. Err. e i | [55% Conf. Intervall
LYERR . TBD3242 33063928 2.36 D.020 .12353398 1.437109
_eons 5.317837 1670861 37.81 0.000 5.98397 E.543708
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Table 5.5.3A Regression Models for Roads in Priority Category 5-3 (continued)

Stockpile Cost

FxRFHxAXx%E ORDINARY LEAST SQUARES ESTIMATION FAeesddksstox

correlate LEHCTH DISTRICT TEMP HO TRUCES PERC TRUCES lnsto
(oba=54)

LEFNEIH DISIRICT TEMP HO TEU~5 PERC T=3 Insto
LENGTH 1.0000
BISTRICT -0.2048 1.06008
TEMP B.3657 -0.7317 i.0B808
HG TROCES O.0886 O.0%38 0.3704 1. 0000
FERT TRUTES 0.0324 0.2270 0.1654 0.8635 1.0000
In=sto 8.3112 B.8726 B8.1355 -B8.8312 0.0752 1.068008
regress lnsto LFEHGTH DISTRICT TEME HO TRUCES PERC TRUCES

Bource 53 df M5 Fumber of oba = G54
El 5, g8) = 6.83
Model 42 6371643 3 B.53143286 Frab > F = 0.0D000
Re=zidual 109.859541 88 1.24881148 R—asguared = [B.2796
Ad3 B-sguared = B.2387
TIocal 152 ,.552574 43 1.64035026 Boot MSE = 1.1175
Insto GCoefE. 5td. Err. ] Brlt] [55% CGonf. Interval]
LENGETH 0611144 LD264343 2.31 0.023 L DO85817T 1136471
DBISTRICT 1.211451 .3403451 3.56 b.661 .53508467 1.887813
TEMP 1.320577 .353427 3.74 0.ooo 6186147 2.023338
HO TRUCES -.0519288 LO0131024 -3.96 0. ono -. 0779671 -.0258904
PERT TRUCES 0929227 LO319594 2.91 o.003 0294102 1064333
_oon= -5.81124 1.348564 —4.31 0.0Bo -8.4926823 -3.136458
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