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ABSTRACT

Neira, Angelica M., Evaluation of the Most Significant Factors Affecting the Production Rates of

Highway Construction Activities. Master of Science (MS), December, 2019, 375 pp., 28 tables,

29 figures, 58 references, 58 titles.

The utilization of realistic production rates is key for the accurate estimation of the
contract time in highway projects. The Texas department of Transportation has been noticing
that the estimated timelines are far from the reality and want to investigate the factors causing
this discrepancy. Some of the factors that have an impact on production rates and were
considered in this study include the systems used to schedule highway projects, weather
conditions, temperature, location, and workers shifts. This paper aims to investigate how these
factors affect productivity rates. Past highway projects developed in Texas, were used to perform
statistical analysis and determine if these factors have a significant effect on the productivity

rates of construction activities.
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CHAPTER |

INTRODUCTION

1.1 Overview

Each year, hundreds of highway projects are developed by the Texas Department of
Transportation (TXDOT); these projects go through an in-depth planning phase that includes
project duration estimation; determining activities’ duration becomes a lengthy process for a
long-term project. Effective project scheduling plays a crucial role in ensuring project success.
Highway projects involve expensive equipment, tremendous overhead, significant manpower,
and large payrolls for the DOT and contractors alike. The longer a job takes, the higher the costs
and the greater the potential for litigation. A solid schedule helps keep costs down and allows the
DOT to operate according to their estimated budget. Due to the high costs of untimely
performance, contractors and the DOT usually require well-planned and often complex

schedules.

Several factors can affect the estimated duration of highway projects. One of the factors
studied are the systems used to determine the duration of the projects. TXDOT currently uses two

different scheduling tools to determine contract time: Contract Time Determination System



(CTDS) and Highway Production Rate Information System (HyPRIS). Engineers have noticed

that these tools do not always estimate accurate projects schedule.

Other external factors may also affect the duration of the projects. Among them, we can
include weather, project’s location, construction type, etc. These factors cannot be controlled but
can be accounted for when scheduling highway projects. This study compiles and analyzes
information from previous projects developed by TxDOT. Focusing on the evaluation of these
two systems as reliable tools for determining contract time and the assessment of the different

factors that can affect project duration.

The study will consist of four main work plan implementations. 1) To collect and extract the
data, 2) To investigate scheduling tools and understand the production rates, 3) Evaluate the
CTDS and HyPRIS scheduling tools accuracy in determining the appropriate time estimates for a

construction project and 4) Model variability due to weather scheduling error.

1.2 Background of the Study

TxDOT builds and maintains thousands of miles of roadway annually. Before a project
can be bid on by a business, TXDOT must let it, or make it available for bidding. The letting and
bidding process with TXDOT allows the DOT to get the most competitive pricing on a project
and allows multiple businesses to compete for business with TxDOT. In the letting phase the
DOT has to determine the time it will take contractors to complete the whole project and its cost.

The projects and financial obligations in the schedule are based on current estimated construction



costs and schedule. That being one of the reasons why schedules could change in the

development phase

1.2.1 Definition of Contract

Contract time is the maximum time allowed for completion of all work described in the
contract documents (Herbsman & Ellis, 1995). Contract time often arises as an issue when the
traveling public is being inconvenienced and the contractor does not appear to be aggressively
pursuing the work. There may be a number of reasons for a project to appear dormant, such as
weather limitations, concrete-curing times, materials arriving late, etc. However, all too often the
causes are traceable to excessive time originally established by the contracting agency to

complete the project or poor contractor scheduling of construction operations.

1.2.2 Importance of Contract Duration

In many instances, the duration of highway construction projects is more critical today
than it was in the past. Several of the reasons are: proper selection of contract time allows for
optimization of construction engineering costs and other resources, traffic volumes on most
highways are significantly greater and are continuing to increase thereby creating a greater
impact on the motoring public in both safety considerations and cost.

Determining an appropriate contract time is important to all parties involved: the DOT,
contractors and the driving public. Excessive contract time is costly, extends the construction
crew’s exposure to traffic, increases risks for the contractor and the owner, and prolongs the
inconvenience to the public. Insufficient contract time results in higher bids, overrun of contract

time, increased claims by contractors, substandard performance, and safety issues.

3



1.3 Problem Statement

Determining the duration of a project is one of the most important pre-construction
processes. As previously mentioned, project duration is a significant factor for determining the
cost of a construction project, it is necessary to have accurate tools for determining the required
construction time line. Concerns about the reliability and accuracy of the tools used by the DOT
planners to determine contract time, have arisen. TXDOT has realized that in many cases,
contractors either are delayed or have too much time available to finish a project. These
inconsistencies lead to changes of order in the contracts, and TxDOT has to compensate the
contractors either with the proper time or with funding to finish the projects. This study pretends
to examine the scheduling tools used during the planning and scoping phases of the project life
cycle to determine if that aspect of the project (i.e., overly optimistic schedules) might be an
inherent source of delay.

Managing bad weather is one of the most difficult, yet important aspects of the planning
process of any construction project. Highway projects are exposed to inclement weather
conditions and construction schedulers use their experience and their knowledge of the region to
make accurate predictions. Anticipating weather conditions can have a huge effect in terms of
completing the project on time and on budget and his study aims to quantify the effects of

weather conditions on the duration of highway construction activities



Several factors have an impact on production rates and change the total duration of
construction projects. Some of the factors considered in this study are weather conditions,
temperature, location and shifts. This paper aims to investigate how these factors affect projects’

schedules in order to help schedulers create more realistic timelines.

1.4 Research Questions

This study aims to investigate the factors affecting productivity rates of highway
construction activities causing delays on the projects’ schedule. Can the source of these timeline
delays be attributed to the current scheduling tools/systems used? It is important to determine if
these systems are providing unrealistic project schedules. Another factor that has TxDOT
questioning the source of timeline inaccuracies is the weather. How does weather affect the
duration of highway construction activities? Weather should be taken into consideration while
scheduling activities, since highway construction projects are always exposed to it. Other factors
can also affect the production rates and the total duration of the project. Throughout the years,
many research studies have been able to identify these factors and investigate how they affect the
production rates. This research will focus on weather, location, temperature and workers shift

and determining how they affect the productivity rates of highway construction activities.



1.5 Methodology and Objectives

The scope of this study is limited to TXDOT highway projects. Details that are required to
determine the contract time such as costs, are not considered in this study. Also, cost aspects

related to highway projects are beyond the scope of this study.

The main objective of this research is to determine the factors affecting contract time and

causing delays. Based on the problem statement, the following are the listed research objectives:

1. Literature review, survey with TXDOT engineers and data collection
2. Evaluation of the current systems used by TXDOT
3. Weather assessment on past projects developed by TxDOT using two different

weather models found in the literature.
4. Assessment of the impact of location, temperature, workers shift and type of

weather on production rates using the collected data from past projects.

1.6 Thesis Organization

In the chapter 2, literature of previous studies is reviewed and discussed to gather
relevant information on the different systems used by TxDOT to determine contract time. Other
factors such as weather, location, temperature etc. are also studied. Chapter 3 presents the
evaluation of the CDTS and HyPRIS and recommendations. Chapter 4 presents the weather

effects on productivity rates. This chapter will discuss two different models that were used to



quantify this impact. Chapter 5 discusses the impact of different factors on the productivity rates
of past projects developed by TXxDOT. Chapter 6 concludes the research and provides some

recommendations for future research.



CHAPTER Il

LITERATURE REVIEW

2.1 Introduction

The determination of contract time is one of the most important objectives in the planning
process of any construction project. An accurate contract time estimate facilitates the
optimization of resource allocations and construction costs at a later stage. The criticality of
contract times to the successful completion of highway projects has been addressed thoroughly
in the literature. The Federal Highway Administration (FHWA) stresses the importance of an
accurate contract time for the successful completion of the project and controlling the project
budget. FHWA requires individual states to create and implement contract time determination
procedures for construction projects. Recommendations to assist in implementing the procedures
are provided in the FHWA guide for contract time determination (Technical Advisory
5080.15, FHWA Guide for Construction Contract Time Determination Procedures, 2002). This
guide suggests establishing production rates and adapting them to project conditions considering
other factors that can affect the contract time, such as location, traffic maintenance, type of

weather, etc.



Estimating realistic production rates is essential for determining an appropriate contract
completion time. Some DOTSs maintain a database of average production rates or durations based

on historical data for common highway and bridge construction activities (Hancher et al., 1992).

2.2 Definition of Construction Production Rates

To fully understand the impact of inaccurate activity durations on the project schedule, it
is essential to first investigate the relationship between the project estimated duration and the

work item’s production rates. This relationship is given in :

Estimated Quantity of Work
Estimated Production Rate

Estimated Activity Duration =

Estimating realistic production rates is important when determining appropriate contract
completion time. The production rate is commonly defined as the quantity of work executed per
unit time. As such, the calculation of the activity duration depends on two estimates. The first
estimate is the quantity of work, and the second one is the production rate. Both estimates are
rarely 100% accurate all the time (Odeh, 2002). Hence, the source of errors in estimating the
activity duration can be attributed to either a wrong production rate estimate, a wrong estimated
work quantity, or a combination of both. However, there are several other sources of errors that

need to be investigated in detail.



2.3 Current Practices in TxDOT

Many TxDOT projects were planned and scheduled using unrealistic contract time
(Research Project Statement 17-12, FY 2017 Annual Program: Enhanced Production Rate
Establishment to Ascertain Construction Activity Durations, 2016). In many cases, the
contractors are either delayed or have an unreasonably large amount of time to finish the project.
These inaccuracies in the project schedule usually lead to a multitude of change of orders in the
contracts. This results in a dramatic increase in the total project cost as TxDOT has to
compensate the contractors either with the proper time or money to complete the projects (Curtis
etal., 2011) TxDOT is questioning whether the source of these timeline inaccuracies can be
attributed to the systems used currently (CTDS and HyPRIS) creating unrealistic projects
schedules. Due to the inaccuracies of the current systems, some engineers reverted to using their
experience to determine the project time. Unfortunately, this can lead to an inconsistency in the

methods of determining the contract time across the state.

2.4 Factors Affecting Contract Time Determination

According to the literature review, factors were classified in two types of variations that
affect the production rate, and consequently the activity duration estimate, as shown in Figure 1
these types of variations are:

1. Common Cause Variation: This variation is part of the process of scheduling the

project. It demonstrates how reliable the scheduling method is; it affects all activities in the

10



project. In this case, the common cause variation is the scheduling tools and systems used by
TxDOT, CTDS and HyPRIS.

2. Special Cause Variation: This variation is an exceptional event that might occur with a
certain impact on the production rates, such as: weather, operator skill, and technology, which
cannot be controlled but can be accounted for. Figure 1 is a graphical demonstration of the the

previous mentioned variation causes.

Variation
Common Special
Cause Cause
CTDS HyPRIS Soil Complexity||| Traffic Location

Quantity | | Operator | | Weather | | Technology
Skill

Figure 2. 1: Different causes of variation affecting contract time determination

11



2.4.1 Common Cause Variation

The literature included several articles discussing the different contract time systems
developed by different states DOTs. The format recommended by the FHWA has been adopted
by most states. Taylor et al. (2017) examined the different procedures that DOTs implement to
estimate the contract time of highway construction projects. For instance, Oklahoma
Transportation Center (OKTC) uses a custom-developed user interface connected to a Microsoft
Access database that contains default project type templates and production rates. After selecting
the project type, the user needs to input bid item quantities for different activities. The users also
have the option of adjusting the simple finish-to-start logic of the activities in the template. The
duration is then exported to Microsoft Project, which creates a Gantt chart with the total project
duration and schedule (Jeong et al. 2008). Florida DOT also uses Gantt charts to develop the
project schedule; however, the estimation of the activity productivity rates is based on the
engineer’s experience (FDOT, 2010).

Other states use agency-specific production rates to estimate the time required to
complete each task within a project. For example, Wisconsin DOT has a production rate database
that includes a minimum, average, and max rates. These rates are adjusted considering factors
that could affect them, such as location and projects size (Aoun, 2013). Indiana DOT (INDOT)
utilizes a production rate database connected to Visual Basic program that is equipped with two
different methods for calculating the contract time, which are: 1) regression equations, and 2)
mean production rate of critical activities method (Jiang & Wu, 2004). Other states have applied
similar methods for estimating contract durations. Louisiana classified construction projects and

created 23 different templates using Lotus 1-2-3 R5 software; production rates for each work

12



item were generated using the mean value from the activities in the selected template (McCrary
et Al, 1995). Kentucky Transportation Cabinet (KyCT) uses Kentucky Contract Time
Determination System (KY-CTDS). This system utilizes Microsoft Excel and Microsoft Project
for determining contract time. The KY-CTDS contains default production rates which can be
modified by the user; MS Project is then used to create the project schedule and determine the
project duration (Werkmeister et al. 2000, Taylor et al. 2013). As mentioned earlier, TXDOT has
developed and utilized two different systems to determine contract time, which are CTDS and

HyPRIS.

2.4.1.1 Contract Time Determination System (CTDS). CTDS was initially developed
by Hancher et al. in 1992. Their research focused on developing a reliable system for TXDOT
that could determine the time required to complete a construction contract for different types of
highway projects. The system was developed to complement the existing TXDOT Pre-
Construction Management System, which categorizes all highway projects into fourteen different
classes. CTDS is a computer-based conceptual estimating system, which includes, both a manual
method and a computerized method. The user inputs the actual work quantities for a project, and
by applying standard production rates, or preferred rates, the contract duration is determined. The
computerized version uses a combination of Flash-Up, Lotus 123, and SuperProject (Hancher et

al., 1992).
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During the development of CTDS, surveys about construction production rates were sent to DOT
districts in all 50 states as well as the different TXDOT district offices. The surveys discussed

productivity rates and the factors that influenced them. The survey responses received were used
to create the productivity rate database for the CTDS. For each work item, three production rates
representing low, average, and high values were provided. In addition, the surveys also helped to
determine five adjustment factors for the established production rates, which are location, traffic,

complexity of project, soil conditions, and quantity of work (Hancher et al., 1992).

In CTDS, users can select from 14 project templates of which 13 templates represents TXDOT
different project classification. The 14" template was included to accommodate any new type of
project that is not listed among the 13 project categories. To schedule a project, the system uses a
default production rate, unless otherwise specified by the user. Users also have the option of
applying different adjustment factors for each activity. However, it was recommended to only
apply a maximum of two adjustment factors simultaneously at a given time due to the correlation
between factors. The program final product is a Gantt chart created using the different scheduled
project activities (Hancher et al., 1992). Screenshots from the automated versions are shown in
Figure 2.2a.

2.4.1.2 Highway Production Rate Information System (HyPRIS). HyPRIS is another
productivity rate software that was developed in 2004 for TXDOT; it was created using Microsoft
Excel and MS Visual Basic platforms (O’Connor el al., 2004). This system was developed to
improve the production rates information system that TXDOT was using at the time in attempt of
increasing the accuracy of estimating the contract time. Several work items that normally lie on
the critical path (controlling activities) were studied; and the production rates were statistically

determined based on data collected from the site (O’Connor el al. 2004).
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The development of HyPRIS started with investigating the work items and production rates from
the CTDS program. Those production rates were compared to observed data using descriptive
analysis, such as boxplots, scatterplots, and t-tests. The HyPRIS program is divided into 5
categories matching the first five the divisions work items (100’s to 500’s) in the TxDOT
Standard Specifications for Construction and Maintenance Of Highways, Streets, and Bridges
(Standard Specifications For Construction and Maintenance of Highway Streets and Bridges,
2004). When users select a work item, various information is provided based on the statistical
analysis that was conducted. The production rates for the items are provided with decile tables as
well as scatterplots, as shown in Figure 2.2 b. For certain work items like reinforced concrete
pipes, the production rates are based on the length of the pipe and its orientation. For instance,
the software provided different production rates based on whether the pipe is parallel or
perpendicular to the road. It should be noted that HyPRIS does not produce Gantt charts or
schedules, but instead it calculates that production rates that can be used to determine the activity
durations. However, the accuracy of these rates can be compromised since the system does not
give the user the options to account for other factors that might have an impact on the production

rates.
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Figure 2. 2: a) CTDS Production Rates (Hancher et al., 1992), b) HyPRIS Output Window

Displaying Productivity Rates for a Reinforced Concrete Pipe (RCP) (O’Connor el al. 2004)

The major shortcoming with CTDS and HyPRIS is that both systems use deterministic
values for the production rates. In reality, activities durations and their associated production
rates are probabilistic. Production rates cannot be deterministic since it is inevitable that highway
projects will be exposed to external factors that will impact the rate of production such as,
inclement weather, high and low temperatures, equipment technology, operator skills, etc. As
such, these values should be modeled using probability distribution, and probabilistic scheduling

should be deployed to determine the project contract time.
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2.4.2 Special Cause Variation

There are various special cause factors that can also affect the production rates and the
total duration of the project (Herbsman, 1990). Previous research studies have identified some of
these factors and investigated their impacts on the production rates of highway activities. TXDOT
in a recent request for proposal for a research problem statement has expressed interest in
assessing the impacts of weather, equipment operator skill, and equipment technology on
production rates (Research Project Statement 17-12, FY 2017 Annual Program: Enhanced
Production Rate Establishment to Ascertain Construction Activity Durations, 2016). The
literature includes studies that have addressed the effect of some special cause factors on
production rates, such as weather, project location, traffic conditions, work shift, and soil type. It
should be noted that there are correlations between some of these factors. As such, the effect of
these factors should be considered holistically. In other words, it is advised not to quantify the

impact of such factors on the production rates individually.

2.4.2.1 Weather. Weather is the one of the most common factors discussed throughout
the literature review for it can have a very negative impact on the contract time. Since most
construction projects are located outdoors, weather becomes a critical factor that should be
accounted for. Planners should use their knowledge of the region, past experiences, and available
databases to estimate the impact of weather on production rates.

Several studies have addressed the impacts of different weather attributes on the
production rates of construction activities. The most common weather attributes discussed

include precipitation, wind speed, and temperature.
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Precipitation is considered the major weather factor that has the most adverse impacts on
construction productivity in highway projects. According to Riley (1999), it causes "productivity
loss, complete suspension, work stoppage, and cost overrun.” Riley's study presents a model that
utilizes historical daily rainfall data and experts' knowledge to assess the impact of rain on
project completion. The author mentions how different projects, such as highways or bridges, are
negatively impacted during rainfall and even days after it stops. Most materials exposed to
rainfalls are discarded because of the absorbed water; and operating machines becomes more
difficult due to muddy terrains. Another research study by El-Rayes and Moselhi (2001)
designed a system to quantify the impact of rainfall on the productivity of highway construction.
The system, named WEATHER, is a user-friendly software system that determines the
productivity rates of different highway construction activities during rainfall and displays the
various probabilities of activity duration. Similarly, Pan (2005) created a model that utilizes
historical daily rainfall data and experts' knowledge, to assess the impact of rain on project
duration. Based on this model, a scheduling system called FRESS is proposed. Smith (1989),
presented a conceptual model for evaluating precipitation impact. His method utilizes a Markov
process for prediction of rainfall events, combined with an impact evaluation utilizing basic
fuzzy-set operations.

Wind Speed is another factor that has been considered by researchers. For instance,
Dytczak et Al. (2013) recognized that the effects of construction project execution depend on the
influence of the surrounding environment including wind. It is, therefore, necessary to consider
the local conditions affecting the construction site to generate a reliable project schedule. Jung et
al. (2016) developed a model to estimate weather delay that is specific to high-rise buildings

since weather conditions differ with altitude. According to this study, weather delays are
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generally estimated as a monthly average; however, this approach was found to be inappropriate
for high rise buildings that approach is incorrect. The study presented a simulation model which
integrates the weather modeling and construction planning to overcome the shortcoming in
estimating weather delays for high-rise buildings projects. Similarly, Senouci (2018) studied the
impact of temperature, humidity, and wind speed on labor productivity in Qatar for four
construction trades, namely, formwork, masonry, plaster, and ceramic tiles. Linear regression
models were developed to predict trade productivity on a given day of the year. Results showed
that weather conditions have a high impact on trade labor productivity.

Temperature has not been studied as often as precipitation and wind speed; however, this
factor can have an equal or an even more significant impact on the productivity rates. A study
conducted by Koehn and Brown (1985) compared the productivity rates at different
temperatures. This study devised two nonlinear equations, one for cold or cool weather and
another for hot or warm weather. The overall findings show that temperatures below —10°F and
above 110 °F are challenging to achieve efficient construction operations. The study also
provided a table which contained production rates at different temperatures and humidity
percentages. The study concluded the best conditions to perform construction work would be at
temperatures ranging from 50°F to 80°F. According to Thomas (1999), who studied the loss of
labor productivity due to delivery methods and weather, significant losses of productivity
occurred because of snow (41%) and cold temperatures (32%). Similarly, Shan (2014) found that
both temperature and humidity are factors that constantly exert forces on workers and influence
their performance and efficiency.

Several research studies have attempted to simulate weather conditions to assess its

impact on the project time. A study by Shahin et al. (2007) presented a weather simulation model
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specifically for cold weather. In this study, weather-related variables that affect productivity rates
in construction projects were identified, which included precipitation, temperature, wind speed,
humidity, and frost penetration. The model used a stochastic weather generator for the different
weather factors; and the cold weather was integrated using a process simulation model. The
study presented a useful framework for the simulation of construction work in cold regions.
Similarly, Apipattanavis et al. (2010) created an integrated framework consisting of two key
components, which are: 1) the identification of attributes of weather that cause construction
delays, and 2) generation of synthetic weather sequences using a stochastic weather generator to
quantify and provide probabilistic forecasts of weather threshold values. Ballesteros-Peraza et al.
(2017) developed a holistic model that enabled practitioners to use weather data for forecasting
project durations. In this model, the categories of weather that impact standard construction
operations were identified. This made it possible to define the likelihood of performing those
standard construction operations. The probability was expressed as a proportion of working days
per month which was called Climatic Reduction Coefficients (CRCs). These CRCs are based on

location and the time of the year in which the activity is performed.

2.4.2.2 Equipment Operator Skill and Technology. Measuring labor skill (psychomotor
skills) is a cumbersome task, and rarely accurate. According to Sage’s (1984), the definition of a
skilled performance is the production of high-quality output with consistency. However, there are
many factors that affect the psychomotor skills of a construction equipment operator such as,
motivation, fatigue, boredom, temperature, etc. (Bernold 2007). The literature contains — if any-
very limited studies on the impact of the construction equipment operators’ skills on the production

rates.
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Equipment technology can increase productivity and consistency in work. However, no
matter how automated the machine is, there are other factors that will affect the production rate of
a piece of equipment, such as altitude and rolling resistance. Several studies have been conducted
to assess the impact of equipment technology on productivity rates. One discussed the productivity
in earthmoving using different types of equipment study (Smith 1999). Another study focused on
the effect of technological advances on construction productivity. In this study, a technology index
was used to measure the advancement in the equipment technology over time (Goodrum and Haas,
2002). In a different study, Goodrum and Haas (2004) examined 200 construction activities to
assess the effect of equipment technology on the labor productivity from 1976 to 1998. Ok and
Sinha (2006) conducted a study to estimate the productivity of dozers using regression analysis

and dozers.

While the literature discussing the impact of equipment technology on construction
productivity is also limited, the conclusion is that the technological advancement in construction
equipment has led to an increase in the production rates of various activities. The different models

developed has definitely contributed to enhancing the estimating of productivity rates.

2.4.2.3 Location. The factor of location refers to whether the construction is being
executed in an urban or a rural area. The location of the project may affect the productivity rates
of various activities in the project. A study by Koehn and Ahmed (2001) discussed the production
rates in different projects executed urban and rural areas in Dhaka, Bangladesh. The study found
that construction activities in rural locations is more labor intensive compared to similar activities
in urban areas. This was attributed to the availability of more contractors, advanced equipment and

technology, and new materials in urban areas than in rural areas. The article also relates the low
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productivity rates in rural areas to the lack of skillful construction laborers since the majority of
them prefer to work in urban areas because of the higher wages. that most of the skillful

construction laborers tend to work in urban areas.

Alternatively, an article published by Jiang and Wang (2007) studied the impact of location
on construction productivity. The study was conducted in the U.S. and the data used were provided
by the Indiana Department of Transportation. A statistical analysis was performed to determine
different activities production rates using the construction projects available in the DOT database.
The authors were then able to compare the productivity of construction activities at rural and urban
locations. The comparison showed that the production rates are higher at rural sites than in urban
ones. The impact on the productivity rate was attributed to the high average daily traffic in urban
locations, which tends to create traffic congestion. In turn, this congestion can decrease the
productivity in construction projects due to delays in deliveries of materials and mobilization of
resources. Traffic flow is an important factor, which correlates with location, and has a direct

impact on the production rates in construction projects.

2.4.2.4 Traffic. The traffic factor in production rates relates to other factors such as
location and soil. Since urban locations have a higher ADT, traffic becomes a problem during
construction. An article by Jiang (2003) focused on how the traffic flow affects the productivity
on asphalt pavement construction. Different types of work zones were discussed and the traffic
for those work zones was observed in research he had previously conducted in 1999. Equations

that can be used to estimate the cycle time or traffic delays were provided in his article. They
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were used to study the effect of traffic on hot mix asphalt for 24 hours. The results from the
study showed that the traffic delayed caused a decrease in the material delivery productivity.
This delay in material delivery decreases the productivity and changes the project scheduled
time, so to make up for it, it was recommended to have additional trucks. The article concluded
that traffic management is important throughout project planning since it decreases productivity
and can influence the schedule of the project.

Statistics are often used to find production rates of highway activities. Jian and Wu
(2007) performed an analysis of daily work reports (DWR’s) from the Indiana Department of
Transportation and used the data in them to get productivity rates. The data gathered was used in
normal, lognormal, and exponential distribution plots and used to find their mean. One of the
factors that they studied was the location factor and related to it was the traffic conditions in the
site. As mentioned in the location Page 14 of 278 factor section, they found that rural areas were
greater than urban areas due to the lower traffic volumes. Not only does a higher traffic rate
increase the traffic control, but material delivery is also delayed longer because of the greater
amount of traffic. Since traffic becomes a problem in construction sites, many articles have tried
identifying the effects and different programs that can be used to do that. Edara and Cottrell
(2007), conducted literature reviews and surveys of different state DOT’s to assess traffic
impacts. Once the survey was sent, they were able to get responses from 19 state DOT’s and
received information on the tools they used for capacity and delays. Another more recent article
by Hyrari et. al (2015) found the impacts that construction sites have on traffic. They performed
site visits and focus groups to try and develop mitigation plans for the traffic impact. While they
were successful in that, there was no discussion on how traffic also reduces productivity rates in

work zones.
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2.4.2.5 Work Shift. The work shift refers to the timing when construction activities take
place. The work can be executed during day or night. A survey-based study by Hancher and Taylor
(1999) focused on the factors affecting night-time construction. Some factors were related to
traffic, others to construction; some social, economic, and environmental factors were also
identified. The study concluded that night-time operations can decrease construction time on
critical highway projects and that night-time construction of highway projects would become more

prevalent in the future.

Work shift was also correlated to other special cause factors such as weather and location.
For instance, there is a drop in the temperature and traffic flow during night time, which might
increase the productivity in very hot regions. Mosfavi et al. (2012) studied night operations of
asphalt pavement. The objective of this study was to assess how the production rate is affected by
the nighttime shift. They developed a simulation model and verified it using a construction project
from Indiana. Although the study discussedproduction rates during nighttime shifts, it did not

determine how the different construction operations are affected by the time of the shift.

2.4.3 Other Factors

So many factors can affect the project’s schedule. A research study by Herbsman and
Ellis (1995) found seventeen factors affecting overall construction duration. Most of them are
inter-related, and trying to consider the impact of all these factors at the same time could be an
extremely complicated task. For example, soil type is another factor that affects the productivity
rates of construction activities; this factor is correlated with the site location. It is evident that the

production rate of the same construction activity varies as the soil types differ. For instance,
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drilling a shaft in dry soil is considerably faster than constructing one close to a riverbank
(Chong et al. 2011). This factor was not considered in this study, but the comprehensive
literature review helped the research team better focus our efforts on the factors often studied and
considered of higher importance by researchers. These factors include: the systems currently

used, weather conditions, temperature, location, and workers shift.
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CHAPTER Il

EVALUATION OF THE CURRENT CONSTRACT TIME DETERMINATION SYSTEMS
USED BY TXDOT

3.1 Introduction

The first objective of this study consisted of studying the systems the Department of
Transportation (DOT) uses to determine contract time. TXDOT is one of the first DOTSs that
established a system to determine contract time. As described in the previous chapter, the current
systems available for TXDOT are 1) Contract Time Determination System (CTDS), and 2)
Highway Production Rate Information System (HyPRIS). The information provided by CTDS
(Hancher et al. 1992) includes production rates for selected work activities and their adjustment
factors. Planners can use these factors to adjust the provided productivity rates to account for
sources of variability. The adjustment factors aims to obtain more realistic rates when certain
project conditions change, such as location, traffic conditions, soil conditions, etc. On the other
hand, HyPRIS (O’Connor et al. 2004) was developed due to a concern about the accuracy of the

productivity rates in the CTDS.
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HyPRIS investigated 26 controlling activities, that were believed to always lie on the
critical path, and provided more accurate productivity rates based on data collected from the site.
However, the nature of these activities is bridge-related; and HyPRIS did not allow the
adjustment of the determined rates with respect to any variation. As such, the accuracy of the
contract time estimates developed using the CTDS and HyPRIS are questionable. TXDOT
engineers have noticed that these tools do not always estimate accurate projects schedules, and
many planners have resorted to relying solely on their experience and other published
productivity rates for determining the activity durations (Taylor et. Al, 2013. Herbsman, 1987).
Hence, there is a need to evaluate the efficiency of these systems in estimating the project time to
an acceptable level of accuracy.

This chapter evaluates the CTDS and HyPRIS systems as reliable tools for determining
the contract time. This includes the assessment of the accuracy of the construction production
rates set in each system. To accomplish this objective, historical data from previous projects
were collected and analyzed to compare actual versus estimated different activities durations and

quantities to determine if there is any significant difference between them.

3.2 Methodology

The work plan devised to investigate the inaccuracy in determining the contract time due
to common cause variations, such as the CTDS and HyPRIS is comprised of five main phases: 1)
literature review, 2) data collection, 3) data classification, 4) data analysis, and 5) results and

conclusions, as shown in Figure 3.1.
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Figure 3. 1: Methodology flow chart of this chapter

First, an extensive literature review was performed in order to collect information on the
systems that different state DOTSs are currently using. Also, it deemed essential to identify the
common factor (special cause) reported by previous studies that affect the production rates. The
second step was to collect historical data from different district offices that utilize CTDS and
HyPRIS to determine the project contract time. The data collected were classified and
statistically analyzed to evaluate the systems performance. The obtained results assisted to draw

final conclusions on the performance and accuracy of the CTDS and HyPRIS.

3.3 Implementation
To evaluate the accuracy and reliability of the CTDS and HyPRIS, it was necessary to
obtain actual real-life data from projects developed by TxDOT. The project selected for analysis
had to be scheduled using production rates from either CTDS, HyPRIS, or combination of both.
The implementation stage consists of three main milestones, which are: Data identification, data
extraction, and data analysis, as shown in Figure 3.2.
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3.2.1 Data ldentification

The first step in the data identification stage was to identify the District Offices that use
the CTDS and HyPRIS to determine the planned project contract time (total duration). To
accomplish this goal, a survey was circulated among the 25 District Offices of Texas to identify
the ones that utilize these tools. Next, the identified District Offices were approached to request
data about past completed projects. The data collected were the actual and estimated: a) work

quantities, b) production rates, and c) activities durations for different work items.
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To obtain these data a survey -see Appendix 3.1- was designed to qualitatively solicit
experts’ opinions about the methods they use to estimate the contract time. The survey was sent
to the 25 TxDOT district offices requesting information on the system(s) that their offices use to
establish the contract time durations and any production rate sources that they use. The survey
was comprised of three simple questions about 1) whether the experts use CTDS and/or HyPRIS,
2) the effectiveness of these systems, and 3) any other system/database they use to estimate the
contract time. The survey also identified the district offices that have used the CTDS and
HyPRIS to estimate their projects durations. A total of 47 responses were received from 21

different districts; some of the district offices sent multiple responses.

Results show that only 16% of the experts use CTDS, while 31% of them use HyPRIS.
As for the effectiveness of the systems, the majority of the experts do not consider the systems
effective in providing accurate production rates. The breakdown of the expert’s opinions about
the effectiveness of the two systems is shown in Figure 3.3. For overall survey results see

Appendix 3.2.

Rate of Effectiveness

CTDS HyPRIS

Figure 3. 3: CTDS and HyPRIS effectiveness rates.
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Survey results led to the identification of five TXDOT districts that are currently using
both CDTS and HyPRIS to determine contract time. As such, these districts offices were
approached to collect historical data about different types of highway construction projects. Two
district offices agreed to provide the needed data. For confidentiality purposes, they will be

referred to as District A.

3.2.2 Data Extraction

The District Office provided three types of data sources: 1) Contract Report Bundles, 2)
Daily Work Reports (DWR), and 3) Project Timelines. Each source contains important
information about the projects executed. The data included in these sources were used to conduct
statistical analyses to evaluate the efficiency of CTDS and HyPRIS. Additionally, the Standard
Specifications for Construction and Maintenance of Highways, Streets and Bridges (2015) was

consulted for verification of the work items (activities) descriptions.

3.2.2.1 Contract Report Bundles. The contract report bundle is an official summary for
the whole project and it was the main source of information in the data extraction process. This
report includes essential data about the work items executed in the project, such as the estimated
quantities, the actual quantities installed, dates performed, and the daily production rates. The
information extracted from this source was critical to develop the analysis of the CTDS and

HyPRIS.
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3.2.2.2 Daily Work Report (DWR). The DWR is a report submitted by the TXDOT
inspector, it provides valuable documentation of the work executed daily and unusual events. It
records in detail the activities performed daily; it also includes weather conditions, the work in
progress, arrival and departure of equipment, important instructions to the contractor, decision-
making discussions, unusual work conditions, etc. The report provides the exact quantities and
durations of the different project activities. Although the report bundles also provides similar
information, it was important to verify these quantities using both reports since they are the key

for finding the production rates for all the different activities.

3.2.2.3 Project Timeline. The third source of information is the project timeline, which
is Gantt Chart developed by TXDOT engineers; it provides a graphical illustration of the
estimated duration of the project activities. The project timelines provide the overall estimated
project duration, start and finish dates for each activity, and the relationship between activities.

3.2.2.4 Data Extraction Software. The different types of data in the aforementioned
reports are very extensive. As such, it deemed essential to develop a spreadsheet-based software
to automate the process of data sorting, extraction, and organization, as shown in Figure 6. This
software expedited the process of data extraction, ensured consistency, and minimized the

chances of error.
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Figure 3. 4: Data Extraction Software: Master Sheet and Menu Output.

The software extracts all the needed data from the three reports report and organizes them
in different sheets, see Table 3.1. -see Appendix 3.3 for software template. After the completion
of the data extraction and organization in different sheet, a menu of the work items, their codes,
and data point counts is automatically created to serve as a table of contents of the new MS Excel
workbook. Also, the menu items are generated as hyperlinks to facilitate browsing the workbook

to view and collect the extracted data.

Table 3. 1: Template of Data Extracted from CRB.

CSJ |ItemC0de |ItemDescription |EstQty |ActQty |Unit|EstDur |DurDays |DayOrNight |UrbanOrRuraI |County |District|Date |TypeOf\Nork

0015-08-116 0247-2044 Flexible Base 19,826.00 19,826.00 CY 17.00 Day Urban Williamson Austin ~ 40,990.00 Bridge Replacement
0015-08-134 0247-2044 Flexible Base 787000 746222 CY 20.00 3.00 Night Urban Williamson Austin ~ 42,272.00 Bridge Replacement
2719-01-008 0247-2366 Flexible Base 9,190.00 9,190.00 CY = 2800 5.00 Rural Gillspie Austin ~ 41,509.00 Widen Non-Freeway
0211-02-024 0247-2392 Flexible Base 1,193.00 1,193.00 CY 16.00 4.00 Day Rural Lee Austin ~ 41,963.00 Bridge Replacement
0252-02-046 0247-2392 Flexible Base 159581 159581 CY 3.00 Day Rural Burnet Austin  41,085.00 Bridge Replacement
0440-02-101 0247-2392 Flexible Base 88,302.06 88,302.06 CY 28.00 Day Urban Williamson 'Austin ~ 41,418.00 Widen Non-Freeway
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3.2.3 Data Analysis

The data collected were then analyzed to assess the performance of CTDS and HyPRIS
as reliable tools for contract time estimation. Statistical analyses were deployed to perform
comparisons between the estimated activity durations, quantities, and production rates obtained
using the two systems versus the actual values from the field.

Although CTDS and HyPRIS do not affect the precision of the quantity estimate, it was
necessary to compare the estimated and actual quantities to determine the root cause of the error
in estimating the contract time. It is known that the activity duration is calculated as the quantity
divided by the productivity rate. Hence, an error in the quantity estimate will yield an inaccurate
activity duration, which will impact the estimate of contract time negatively even with the use of
accurate production rates.

In order to conduct a meaningful evaluation of CTDS and HyPRIS, it was essential to
analyze the collected data statistically from three different perspectives. First, a macro-level
evaluation of the two systems was conducted by grouping all the work items of all the projects
together; performance measures were then used to statistically evaluate the performance of the
systems as will be explained in detail in the following sections. Second, mid-level analysis was
conducted by statistically assessing the performance of the systems with respect to the nature of
work. Four work categories were specified, namely, 1) Earthworks, 2) Finishing Works, 3)
Asphalt works, and 4) Concrete works. Items of the same nature were grouped together, and their
data were statistically analyzed to evaluate the performance of CTDS and HyPRIS holistically
with respect to the designated work categories. Finally, a micro-level examination was conducted
to provide a comprehensive evaluation of the systems through the analysis of each work item

individually. Every work item was listed in a separate sheet; data on the work quantities,
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durations, and production rates of the specific item were collected from all the projects provided
by the District Office, see Table. It should be noted that data collected comes from the same
District Office; this is to ensure that the performance of the systems is assessed with respect to
the same geographical and climatic conditions as well as the same group of users’ expertise and
knowledge.

The pooling and categorization of the work items required grouping them together.
However, it deemed inappropriate to include them in a single data set with their differing units.
To overcome this dilemma, the error ratio was used to assess the performance of each of the two
systems. The error ratio (ER) is unitless and reflects the difference between actual and estimated
values. Error ratios were computed for the work quantities, activity durations, and productions
rates of different work items according to Equation (3.1).

For the first level of analysis, the error ratios of all items were pooled together. The
objective was to assess the performance of CTDS or HyPRIS holistically for all the projects
performed by District A. The error ratios were first studied individually and then multiple linear
regression analysis was used to determine how the productivity rates and the quantity of work

affect the estimated duration.

ER = Estimated—Actual (31)

Estimated

Next, the systems were analyzed with respect to the nature of work; the analysis included
descriptive statistics, one-sample T-Test, Wilcoxon signed rank Test, and Multiple linear
Regression. To obtain a robust conclusion, each work category was analyzed separately using the
ER performance measure. The statistical analysis helped determine if the CTDS and HyPRIS
have better performance in estimating the production rates of work items of one category

compared to others.
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Finally, the analysis of each work item included descriptive statistics, and paired T-Tests.
The data sets were used to compare the actual and estimated values; comparisons included work
quantities, activities durations, and productivity rates. In order to obtain significant statistical

results only items with a sample size greater than 30 were considered for the evaluation.

3.3 Statistical Analysis Results

The analyses were conducted on data extracted from 26 highway projects provided by
District A. The data were analyzed with respect to the 1) district level, 2) work category, and 3)

individual work items. Overall results of statistical analyses can be found in Appendix 3.4.

3.3.1 Statistical Analysis of the Error Ratios at the District Level

The first step in the analysis was compiling all the data collected on work items from all
the 26 projects completed by District A. The data were then organized in three groups, which are
the work item: 1) work quantity, 2) activity duration, and 3) production rate. The error ratios for
each of these data groups were calculated and studied separately using descriptive and inferential
statistics. An error ratio close to 1 means that estimated value is much larger than the actual
value, while an error rate close to 0 indicates that difference between the estimated and actual
values is very minimal.

First, descriptive statistical analysis was conducted on the error ratios to get initial
evaluation of the performance of the CTDS and HyPRIS using the projects completed by District
A. Second, a normality test was performed on the error ratios data sets to determine whether the

calculated errors follow a normal distribution or not. For normal probability distributions, the
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parametric one sample T-test was performed to determine if the mean error was significantly
greater or less than zero. The null hypothesis (H,) assumes that the means (p ) is less than or
equal to zero. Conversely, the alternative hypothesis (H, ) is stated as follows:

Hy:p <0 ,Hy: p>0

When the data could not be assumed to be normally distributed, the non-parametric one-
sample Wilcoxon signed rank test was performed. The test was used to determine whether the
median of difference between ERQty, ERDur, ERPr and the population median is greater or less
than 0. The different cases of null hypothesis and alternative hypothesis are defined as follows:

Hym; <0,H;: my> 0

Hym;>0,H:my; <0

Hym;=0,H;: myg+ 0
where, Ho is the null hypothesis, Hi is the alternative hypothesis; p is the mean of the error

ratios, mq is the median of difference between the error ratios.

Lastly, multiple linear regression was used to explain the relationship between one
continuous dependent variable (Errors in Duration (ERDur)) and two or more independent
variables (Errors in quantity (ERQty) and production rate (ERPr)) by fitting a linear equation to
the observed data. The objective is to assess the impact of the errors in estimating the quantity
(ERQty) and production rate (ERPr) on the errors of activity duration (ERDur). In other words,
this test was conducted to determine whether the errors in estimating the activity durations is
mainly rooted to errors in estimating the work quantities (ERQty) or errors in the production
rates (ERPr). In general, the null hypothesis of a multiple regression analysis assumes that there

is no relationship between the independent variables and the dependent variable. The objective
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was to assess the impact of errors in estimating the activity quantity (ERQty) and production
rates (ERPr) on the overall error realized in the activity duration (ERDur), as expressed by
Equation (3.2).

ERDur = a + B1ERPr + B,ERQty (3.2)
where, 5; and 3, are the regression coefficients or the slopes, and a is the intercept.

The descriptive statistics of the error ratios for District A are shown Table 3.2. The
boxplots in Figure 3.5 illustrates the boundaries of error ratios for work quantity, activity
duration, and productivity rates. Figure 3.5b shows that for instance, the error in calculating the
quantity (ERQty) is limited to £10% since the majority of the error ratios are bounded between +
0.1 — see Figure 3.5a. The majority of the ERDur are bounded between 0 and 1; however, there
were a few outliers located in the distribution. It is clear that the distribution is positively skewed
since the majority of data greater than 0, which indicates an overestimation of the work items
duration — see Figure 3.5b. Conversely, the distribution of the ERPr values - Figure 3.5c - is
negatively skewed indicating an underestimation of the production rates.

Table 3. 2: Summary Statistics for the Error Ratios of the Work Items of District A.

Descriptive Statistics | Error Rates for Error Rates for Error Rates for
Qty Dur Pr
Mean -0.21 0.60 -32.00
Median 0.00 0.75 -0.03
Std Deviation 1.20 0.48 31.83
Range 20.97 3.99 197.96
Minimun -19.98 -197.00 -3.00
Maximun 1.00 0.99 -0.96
Count 2,081.00 424.00 424.00
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( d ) Error Ratios for Quantity ( b ) Error Ratios for Duration

( C) Error Ratios for Production Rate

Figure 3. 5: Boxplots of Error Rates for the Different Work Items of District A.

Based on the descriptive analysis, it was hypothesized that the inaccuracy in determining
the activity duration and consequently the project contract time is rooted to the utilization of
inaccurate production rates rather than an imprecise estimation of the work quantities. However,
descriptive statistics were not enough to determine whether there was a significant difference
between the means of estimated and actual work quantities, activities durations, and productivity
rates. Hence, inferential statistics were used to reach conclusions that extend beyond examining
the data alone. The objective of this analysis was to determine if values for work quantities,
activity durations, and productivity rates were in general over or underestimated.

The normality test results show that the error ratios do not follow a normal distribution.
Hence, the non-parametric one-sample Wilcoxon signed rank test was used to determine whether

the median of the sample was less than or greater than zero.
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For work quantity, the Wilcoxon signed rank test was conducted to test whether the
median differences of the ERQty were greater than zero. Results showed significant evidence (p-
value < 0.01) that the median of ERQty is less than 0. The confidence interval at 95% for ERQty
is (-0.1, -0.04). The effect size (Hodges-Lehmann estimator) turned out to be -0.5 indicating a
moderate effect. These results indicate that the estimated work quantities are significantly less
than actual quantities. This can be rooted to the multiple change orders that could occur during

the construction phase of the project.

The medians of the errors in calculating the activity duration (ERDur) were also assessed
using the non-parametric Wilcoxon Signed Rank Test. In this case, the test was used to
determine whether the median differences of the ERDur were less than or equal to zero. The p-
value was less than 0.001 and the 95% confidence interval for ERDur is (0.72, 0.77). The effect
size (Hodges-Lehmann estimator) turned out to be 0.66 indicating a moderate effect. As such,
the null hypothesis (HO) was rejected as there is a significant evidence that the median of the
error rates for duration is significantly greater than 0. This means that the durations of the

different project work items are usually overestimated.

For productivity rates, the Wilcoxon signed rank test was also conducted to test whether
the median differences of the ERPr were greater than zero. Results showed a p-value is less than
alpha (0.05), which indicates that there is a significant evidence that the median ERPr is less than
0. The confidence interval at 95% was bound between (-6.2, -4.0). The effect size (Hodges-

Lehmann estimator) turned out to be -4.17 indicating a large effect. As such, it can be deduced
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that that the production rates used to estimate the activity durations are underestimated. These

results are in concurrence with the analysis results of the ERDur.

The determination of the activity duration and consequently the project time estimate
depends on two estimates. The first estimate is the quantity of work, and the second one is the
production rate. The errors in estimating the duration (ERDur) can be rooted to either an error in
estimating the quantity (ERQty) or errors in estimating production rate (ERPr) or both. As such,
multiple linear regression analysis was performed to study how the errors in estimating the
quantity (ERQty) and errors in estimating production rate (ERPr) contribute to the errors in

estimating the duration (ERDur).

First, the Pearson correlation factor was used to quantify the association between two
variables (e.g., between ERDur and ERQty or ERPr).The data exploration revealed that the
linear correlation between ERDur and ERQty was very weak (0.29), while the correlation
between ERDur and 1/ERPr (ERPr2) was strong (0.83). Both of these correlations were
significant.

The linear regression model is given on Equation (3); the overall model fit was assessed
using the (adjusted) R? and significance of the p-value. The R? (or coefficient of determination)
indicates the degree to which the model explains the observed variation in the dependent
variable, relative to the mean. The model explained 87% of the variation in ERDur and was
found to be significant with a p-value < 0.001. The unstandardized B coefficients indicate the
effect of a 1-unit increase in the independent variable (on the scale in which the original

independent variable is measured) on the dependent variable. This means that if ERQty is
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increased by one unit, ERDur is expected to increase by 0.26, and one unit increase of 1/ERPr
(ERPr2) will lead to 0.37 unit increase of ERDur. In general, it can be concluded that ERPr has a
higher impact on ERDur than ERQty for District A. Regression analysis results are reported in
Table 3.3.

Table 3. 3: Regression Analysis Results for District A Error Rates.

Parameter/Variable Coefficient P-Value
ERPr2 0.37 <0.01
ERQty 0.26 <0.01

3.3.2. Analysis of Work Items Based on the Nature of Work
To analyze the systems with respect to the nature of work, the work items were grouped in four
main categories: earthworks, finishing works, asphalt works, and concrete works. The four

categories were then statistically analyzed using the error rates previously defined, as shown in

Figure 3.6.
To datermine whethsr the
average ERd was greater
One-Sample T-Test han®
< ASPRALT [Wilcoxon Rank Test
< Production rates # To describe the basic
- . CONCRETE . ErrorRates - Duration RS e SRR
- Quantity ~ Multiple Linear To study how ER for quantity
* EARTHWORKS Regression  (ERg) and £R for production
rate (ERpr) impact on ER for
duration (ERd).

* FINISHINGS

Figure 3. 6: Data analysis approach used for the different types of work.
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First, descriptive statistics on the error ratios were conducted, see Table 3.4. The boxplots

of all the error ratios are also shown in Figure 3.7. For ERQty (Figure 3.7a), the boxplot shows

that the errors are very close to zero with very few outliers. This indicates that the estimated and

the actual quantities are close in values. The boxplot for ERDur (Figure 3.7b) shows that the

majority of the ERs are greater than zero. This indicates that the activity durations for different

work categories are overestimated. These results were confirmed through the boxplots of the

ERPr (Figure 3.7¢), which show that the production rates for different work categories are

underestimated as most values are less than zero.

Table 3. 4: Summary of Descriptive Statistics of the Error Ratios for Different Work Categories.

Descriptive Earthworks Finishing Works Asphalt Works Concrete Works
Statistics ERQty ERDur ERPr | ERQty ERDur ERPr | ERQty ERDur ERPr | ERQty ERDur ERPr
Mean -0.58 0.62  -23.12 -0.20 0.61 -9.03 -0.15 -0.11 -4.13 -0.25 0.77  -28.49
Median 0.00 0.75 -3.00 0.00 0.75 -2.94 0.00 0.50 -1.14 0.00 0.87 -6.50
Std Deviation 3.17 0.39 72.49 1.01 0.40 21.95 0.99 2.58 8.63 2.48 0.33 43.18
Range 34.12 1.99  530.77 14.00 339 118.62 9.44 18.96 51.74 46.62 1.99  169.60
Minimum -33.12 -1.00 -530.24] -13.01 -2.40 -118.00 -8.44  -1800 -50.79] -45.64 -1.00  -169.00,
Maximum 1.00 0.99 0.53 0.99 0.99 0.62 1.00 0.96 0.96 0.98 0.99 0.60
Count 266.00 72.00 72.00 1,231.00 196.00 196.00 178.00 55.00 55.00 410.00 101.00  101.00

(a) (b)

(c)

Figure 3. 7: Boxplots of Error Rates a) Duration (ERDur) b) Productivity Rates (ERPr) c)

Quantity (ERQty) District A
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3.3.2.1 Earthworks. Earthworks consist of roadway excavations (cuts) and roadway
embankments (fills) for highways and associated work items. Earthworks include but not limited
to excavating, loading, hauling, dumping and spreading, compaction, grading, and
construction of embankments. (DOT Specifications Manual, 2004). The earthwork category was
analyzed using the methodology described in Figure 3.6.

Descriptive Statistics for the earthwork category showed that the average error rate for
earthwork-related activities durations was greater than zero. The normality test was conducted,
determined that the ERDur follows a normal distribution. As such, a one sample T-test was
performed to determine if the mean ERDur is less than or equal to zero (Ho: p <0). The test yielded
significant results to reject the null hypothesis, since the p-value (4.58x1072) is less than alpha (a
= 0.05) and the T-Stat (13.36) was higher than the critical value (1.99). This indicates that the
estimated activity durations are significantly greater than actual durations for earthworks
operations for District A. Since ERDur depends on errors in estimating the work quantities and
production rates, it was essential to further the analysis to determine the root cause for the
inaccurate durations. Hence, the non-parametric Wilcoxon signed rank was conducted to test
whether the medians differences (m; = ER — median) of work quantity and productivity rates
were equal to zero (Hy: my = 0). As such, the null hypothesis (HO) was accepted as there was
significant evidence that the median of the error rates for work quantity is equal to 0 (p-value:
0.152> o (0.05)). Which means that there is not big difference between the estimated and actual
work quantities. Similarly, the null hypothesis of the test for error in production rates could not be
rejected (p-value: 1 > a (0.05)). The median of error rates of productivity rates was found to be -
3, this means that the production rates used to estimate the duration of earthwork operations are

underestimated.
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In addition, The data exploration revealed a Pearson correlation between ERDur and
ERQty of 0.13 (Weak) , while the Pearson correlation factor between ERDur and ERPr2 was 0.59
(Strong). Both of these correlations were found to be significant.

Multiple linear regression analysis was conducted to study how ERQty and ERPr impact
the accuracy of the activity duration estimation (ERDur). When interpreting the R?, higher
values indicate that more of the variation in duration is explained by variation in production rates
and quantity; the linear regression model described in Equation 3.4, explained 86% (R?) of the
variation in ERDur with a significance (p-value) of 1.07x10-6. The unstandardized  coefficients
were found to be 0.22 for productivity rates and 0.15 for quantity. This means that one unit
increase of ERQty will lead to a 0.15-unit increase of ERDur, and one unit increase of ERPr2
will lead to a 0.22-unit increase of ERDur. In general, it can be concluded that ERPr2 has a
higher impact on ERDur than ERQty for earthworks. Regression analysis results are reported in
Table 3.5.

ERDur = 0.48 + 0.15ERQty + 0.22ERPr?2 (3.4)
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3.3.2.2 Finishing Works. The finishing category includes any work developed in the
final stage of the highway project after the completion of the asphalt surface of the road.

Finishing works include but not limited to pavement marking, protection, signals, and aesthetics.

The initial analysis showed that ERDur for the finishing work categories also follows a normal
distribution. As such, a one-sample T-test was performed to determine if the mean ERDur is less
than or equal to zero (Ho: p < 0). The test yielded significant results showing that the values of
ERDur for the finishing works are significantly higher than zero. The null hypothesis was
rejected since p-value (4.26x10°2) is less than alpha (0.05)). Hence, it can be inferred that the

durations of the finishing works are overestimated.

Conversely, the ERQty and ERPr values did not follow a normal distribution. The non-
parametric Wilcoxon signed rank test was used to test whether the medians difference of work
quantity was equal to zero (H,: my; = 0 ). Results showed significant evidence to accept the null
hypothesis (p-value: 0.12 > a (0.05)) , which means that there is not a big difference between the
estimated and actual values. For productivity rates, the Wilcoxon signed rank test was conducted
to test whether the median differences of the ERPr were greater than zero (Hy: my = 0) . The
test yielded a p-value less than alpha (p-value: 0.0001 < a 0.05), which indicates that there is a
significant evidence that the median ERPr is less than 0. As such, it can be deduced that that the

production rates used to estimate the activity durations are underestimated.
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Pearson correlation test showed that the linear correlation between ERDur and ERQty was
found to be very weak (0.06), while the correlation between ERDur and ERPr2 was strong

(0.64). Both of these correlations were significant.

Multiple linear regression analysis was performed; the model given in Equation 3.5 yielded a R?
of 85% and a p-value of 9x10%°. The linear regression model determined that one unit increase
of ERQty would lead to 0.38 unit increase of ERDur, and one unit increase of ERPr2 would lead
to 0.59 unit increase of ERDur. Once again, ERPr2 had a higher impact on ERDur than ERQty.

Regression analysis results are reported in Table 3.5.

ERDur = 0.47 + 0.38ERQty + 0.59ERPr2 (3.5)

3.3.2.3 Asphalt Works. Asphalt works refer to all types of highway construction works
that uses hot-mix asphalt (HMA). Initial assessment of the data revealed that none of the error
ratios followed a normal distribution. As such, a one sample Wilcoxon signed rank test was
conducted for all error ratios. The application of the one sample non-parametric Wilcoxon Rank
test to compare the medians of the duration and productivity rates showed enough evidence to
accept the null hypothesis (Hy: mgz = 0). The ERPr follows a symmetric distribution around the
population median that has a value of -1.14. The inferential statistical analysis yielded a p-value
(0.827) that is significantly higher than alpha (0.05). Therefore, it was concluded that the
estimated production rates are considerably lower than the actual production rates for asphalt
works in District A. For ERDur, the p-value was 0.885, which is significantly greater than alpha
(0.05). Since the median of ERDur is 0.50, it can be concluded that the durations are

overestimated.
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For quantity, the Wilcoxon signed rank test was conducted to test whether the median of the
differences of the ERQty was less than zero (Hy: my < 0) . The results showed that the p-value
(0.827) is greater than alpha (0.05). As such, the null hypothesis was accepted, and it was

concluded that work quantities of asphalt items are generally underestimated.

The Pearson correlation factor between ERDur and ERQty was 0.10, while the factor between
ERDur and ERPr2 was 0.72. Both of these correlations were significant.

The linear model given in Equation 3.6 explained 77% of variation in ERDur and was significant
with a p-value of 8x10°8. The unstandardized p coefficients were found to be 0.49 for
productivity rates and 0.29 for quantity. This means that one unit increase of ERQty will lead to
0.29 unit increase of ERDur; and one unit increase of ERPr2 will lead to 0.49 unit increase of

ERDur. Regression analysis results are reported in Table 3.5.

ERDur = 0.31 + 0.29ERQty + 0.49ERPr2 (3.6)

3.3.2.4 Concrete Works. Concrete works refer to construction work items that utilize
concrete as the main material including rigid pavements. The values of the ERDur follow a
normal distribution. Hence, a one sample T-test was performed. The results showed that there is
significant evidence that the mean is ERDur significantly greater than zero sin the p-value
(1.11x10?) was significantly less that alpha (0.05), which indicates an overestimation in the

durations of the concrete activities.
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For the ERQty and ERPr, a non-parametric Wilcoxon Rank test was used to test whether
the medians of differences were equal to zero (Hy: my = 0). The results indicated that there is a
significant evidence that the medians of difference of the ERPr and ERQty were equal to zero.
This means that production rates used for concrete work items were underestimated. On the
other hand, the Wilcoxon Rank test indicated not big difference between estimated and actual
quantities for concrete works.

Pearson correlation results revealed that the linear correlation between ERDur and
ERQty was found to be very weak (0.02), while the correlation between ERDur and ERPr2 was
strong (0.70). Both of these correlations were significant.

The linear model given in Equation 3.7 explained 77% of variation in ERDur and was
significant with a p-value of 1.21x10. The unstandardized B coefficients were found to be 0.15
for productivity rates and 0.06 for quantity. This means that one unit increase of ERQty will lead
to 0.06 unit increase of ERDur; and one unit increase of ERPr2 will lead to 0.15 unit increase of

ERDur. Regression analysis results are reported in Table 3.5.

ERDur = 0.69 + 0.06ERQty + 0.15ERPr2 (3.7)

Regression analysis results confirmed once again that the production rates have a higher

impact on the activity duration than the quantity installed for concrete works. Results of

regression analyses and inferential statistical analyses conducted for the different types of work

categories are summarized in Table 3.5 and 3.6 respectively.
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Table 3. 5: Regression analysis results per category of work for ERQty and ERPr2.

Cg:grgry Parameter/Variable | Coefficient | P-Value
Intercept 0.488

Earthworks ERQty 0153 1.076x10‘
ERPr 0.22
L Intercept 0.478

ng?gg ERQty 0.385 | 9x10%°
ERPr 0.59
Intercept 0.315

Asphalt Works ERQty 0.296 | 8x10°®
ERPr 0.494
Intercept 0.699

Wora” ERQty 0.064 | 121X10
ERPr 0.153

Table 3. 6: Summary Results of Error Rates by Category of Work.

Type of Work |Parameter | Null Hypothesis Test Significance | Effect size | Decision Conclusion
One Sample Wil n Retain the null No big difference between
Quantity my = 0. ¢ ple Wiicoxo 0.15 0.00 etain the NUT o ectimated and actual
Signed Rank Test hypothesis. L
quantities
Earthworks Productivity -0 One Sample Wilcoxon 1.00 268 Retain the null] The productivity rates are
rate Ma = 9. Signed Rank Test ' - hypothesis. underestimated
. Reject the null Durations are
21
Duration <0 One Sample T-test 4.58x10 NA hypothesis. overestimated
One Sample Wilcoxon Retain the null No big difference betueen
Quantity myg =0 ! P 0.78 -0.12 - the estimated and actual
Signed Rank Test hypothesis. L
quantities
Finishing Productivity =0 One Sample Wilcoxon 0.00 057 Reject the null | The productivity rates are
rate o= Signed Rank Test ' e hypothesis. underestimated
Reject the null Durations are
Duration <0 One Sample T-test 4.26x10%? NA ! nu wratio
hypothesis. overestimated
No big diff bet
. One Sample Wilcoxon Retain the null oblg .I erence between
Quantity my =0 - 0.86 0.00 . the estimated and actual
Signed Rank Test hypothesis. L
quantities
Concrete Productivity 0 One Sample Wilcoxon 1.00 550 Retain the null| The productivity rates are
rate Ma = Signed Rank Test ’ ‘ hypothesis. underestimated
Reject the null Durations are
Duration <0 One Sample T-test 1.11x10% NA ) . :
hypothesis. overestimated
Quantit m <0 One Sample Wilcoxon 0.83 1.14 Retain the null| Work quantities of asphalt
Y =" Signed Rank Test : ’ hypothesis. work are underestimated
Productivity One Sample Wilcoxon Retain the null| The productivity rates are
Asphalt rate mq =0 Signed Rank Test 0.07 -0.78 hypothesis. underestimated
Duration M. =0 One Sample Wilcoxon 0.89 0.16 Retain the null Durations are
uratio 47 Signed Rank Test ) ' hypothesis. overestimated
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3.3.3 Statistical Analysis of Individual Work Items

Individual work items were analyzed separately using the same statistical methods
described prior. For District A, there were 171 items retrieved; however, only 18 items had a
sample size greater than 30. Each activity is represented by three digits; these digits are unique
codes outlined in the TXDOT specifications manual. For all work items, units were also specified
in the code. For example, item 0644 _EA, refers to small roadside sign assemblies, and the unit is
“Each”. A sample of the descriptive statistics results for the work quantities, activity duration
and productivity rates of “installation of safety end treatments for drainage structures” (Item
0467 _EA) is shown in Table 3.7. For this item, the means for the estimated and actual work
quantity are quite close in values; however, there is a big difference between the means of the
estimated and the actual productivity rates. Consequently, this big difference occurs between the
mean estimated and actual durations. Since the exploration of each of the work items was very
extensive, Table 3.7 shows sample results of only one of the 18 items analyzed.

Table 3. 7: Results of Descriptive Statistic of Item 467_EA from District A.

Descriptive Installation of safety end treatments for drainage structures
Statistics (Item 0467_EA)

EstQty  ActQty EstDur ActDur | EstPr  ActPr
Mean 8.35 8.25 90.47 316 | 0.26 2.22
Standard Error 1.29 1.33 16.56 0.32( 0.09 0.17
Median 2.00 3.00 45.00 200| 012 2.00
SDt:\r/‘g?{gn 1358 1387 6826  337| 039 178
Minimum 0.00 1.00 38.00 1.00| 0.02 0.00
Maximum 74.00 87.00 195.00 18.00| 1.52 9.00
Sum 919.00 899.75| 1,538.00 348.00 | 4.40 244.40
Count 110.00  109.00 1700  110.00 | 17.00 110.00
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To statistically compare the estimated values using CTDS and HyPRIS to the as-built
(actual) values, a normality test was conducted to determine whether to use parametric or no-
parametric statistical analysis. The results showed that only some items follow a normal
distribution. However, considering the limited data set available, it was hypothesized that a
normal distribution could be achieved with more data available. To validate the study results,
both parametric and non-parametric statistical analyses were applied to all work items.

As such, a paired T-test was conducted to assess the performance of CTDS and HyPRIS
by comparing the mean of the actual values to the ones estimated using the two systems for work
items with sample size greater than 30. The null hypothesis (H,) assumes that the true mean
difference (1, ) between the paired estimated and actual values is zero. Conversely, the
alternative hypothesis (H, ) assumes that the true mean difference between the paired estimated
and actual values is not equal to zero. In this case, the alternative hypothesis can take one of
several forms depending on the descriptive statistics and expected outcome, as shown in Tables
3.4 and 3.5. Paired T-tests were performed for work quantity, activity duration and productivity
rates.

Ho: 1g=0, Hy: pig# 0

The outputs of the pair-wise comparisons of individual work items of District A showed
that for work quantity, the majority of items did not have a significant difference between the
means of the estimated and actual quantities. However, only three items showed significant
difference in means. There was statistically significant evidence that the average estimated
quantity is smaller than the average actual quantity for small roadside sign assemblies (Item
0644 _EA), zone pavement markings (Item 0662_LF) and concrete box culverts and drains (Item

0462_LF).
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For production rate, there was statistically significant evidence that the average estimated

production rates are smaller than the average actual production rates for all the work items

analyzed. This indicates that production rates are underestimated in general. For activity

duration, there was statistically significant evidence that the average estimated duration is greater

than the average actual duration for all items except the installation of safety end treatments for

drainage structures (Item 0467_EA). This indicates that the activities durations are overestimated

generally.

The summary results for of a sample work items analyzed from District A are

provided in Table 3.8. The (*) sign refers to items with p-value less than alpha (0.05) at a

confidence interval of 95%. The results support the hypothesized conclusion based on the

descriptive statistics that the estimation of unrealistic contract time is attributed to inaccurate

production rates rather than an error in estimating the quantities.

Table 3. 8: Results of Pair-wise Comparisons for Items from District A.

Work Item Work Quantity Activity Duration Production Rate
H. p-values H; p-values H; p-values
1 0420_CY HEQ <HaQ 0.44 HMep > Hap *0.001 Hepr < Mapr  *0.001
2 0432 CY Lo <Hag 0.15 eo > fao *9.14e5 | pepr<pasr  *0.001
3 0672_EA HEQ <HaQ 0.67 Mep > HaD *0.002 Hepr < Hapr *4.69e-9
4 0416_LF HeQ <HaQ 0.71 HEp > Hap *0.007 Hepr < papr *0.001
5 0462_LF Heo <Haq  *0.05 Hep > Pap  *1.88x107 | pepr < papr  *4.30x10%
6 0662 _LF Heo<tao  *0.05 | Hep>pao  *1.45x10° | pepr<pasr  *0.01
7 0666_LF e >Hao 038 Hep > Hap  *LA7X10% | pepr < papr *0.004
8 0467_EA Heo >Hag 025 Mep > Hap 1 Mepr < Hapr  *0.001

Wilcoxon Signed Rank Test was used for verification when the sample size was too small

to draw a conclusive result that the sample is normally distributed. In analyzing the individual

work items. the Wilcoxon signed rank test was used to determine whether there was a difference
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between the estimated and actual values for work quantity, activity duration and productivity
rates. In this test, the null hypothesis (H,) assumes that there is no difference between the paired
estimated and actual values. On the other hand, the alternative hypothesis (H, ) assumes that
there is a difference between the paired estimated and actual values.
H,: Estimated = Actual, H,: Estimated # Actual

The non-parametric statistical analysis was performed on the estimated and actual work
quantities, activity duration and production rates for District A. The output results are in
concurrence with the results of the paired T-test, as shown in Tables 3.9.

Table 3. 9: Results of Wilcoxon Signed Rank Test for individual work items of District A.

Work Activity | Productivity
Work Item Quantity [ Duration Rates

p-values | p-values p-values
1.000 | 0420_CY 0.660 *0.001 *0.001

2.000 | 0432_CY 0.960 *0.002 *0.02

3.000 | 0672_EA 0.110 *0.002 *0.001
4.000 | 0416_LF 0.190 *0.002 *0.003
5.000 | 0462_LF *0.05 *0.001 *0.001
6.000 | 0662_LF *0.02 *0.002 *0.001

7.000 | 0666_LF 0.450 *0.001 *0.001
8.000 | 0666_EA 0.810 *0.001 *0.001

3.4 Analysis Summary

The macro-level evaluation of the two systems conducted by grouping all the work items
of all the projects together showed significant difference between the estimated values and the
actual values of work quantity, activity duration and productivity rates. In general, activity
durations were overestimated, and the work quantities and productivity rates were

underestimated. Further, the regression analysis showed that errors in estimating the production
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rates have a higher impact on the duration of an activity than the errors in estimating the
quantity.

As previously mentioned, the determination of the activity duration and consequently the
project time estimate depends mainly on two estimates: the quantity of work, and the production
rates. The errors in estimating the duration (ERDur) can be rooted to either an error in estimating
the quantity (ERQty) or errors in estimating production rate (ERPr) or both. A deeper analysis
was conducted by statistically assessing the performance of the systems with respect to the
nature of work. Four work categories were specified, namely, 1) Earthworks, 2) Finishing
Works, 3) Asphalt works, and 4) Concrete works. Results of this analyses revealed no big
difference between the estimated and actual work quantities, an overestimation of activity
duration and an underestimation of productivity rates for the majority of the types of works.
From these results it can be concluded that the cause of the errors in duration were mostly caused
by the underestimation of productivity rates. This is due to the fact that the usually difference
between the estimated and actual quantity is relatively very small compared to the difference
between the estimated and actual production rates.

Finally, a micro-level examination was conducted to provide a comprehensive evaluation
of the systems through the analysis of each work item individually. The outputs of the of
individual work items of District A showed again that for work quantity, the majority of items
did not have a significant difference between the means of the estimated and actual quantities.
For production rate, there was statistically significant evidence that the average estimated
production rates are smaller than the average actual production rates for all the work items
analyzed. This indicates that production rates are underestimated in general. For activity

duration, there was statistically significant evidence that the average estimated duration is greater
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than the average actual duration for the majority of the analyzed items. This indicates that the
activities durations are overestimated generally. That is why it is imperative to have a reliable
system for estimating the production rates for highway construction projects. Conclusions
obtained from statistical analyses are summarized on Table 3.10.

Table 3. 10: Conclusions obtained of Individual Items Statistical analyses.

Individual
ltems Parameter/Variable Conclusion
ERDur Overestimated
0420 CY ERQty No big difference
ERPr Underestimated
ERDur Overestimated
0416_LF ERQty No big difference
ERPr Underestimated
ERDur Overestimated
0666_LF ERQty No big difference
ERPr Underestimated
ERDur Overestimated
0432_CY ERQty No big difference
ERPr Underestimated
ERDur Overestimated
0462_LF ERQty Underestimated
ERPr Underestimated
ERDur Overestimated
0666_EA ERQty No big difference
ERPr Underestimated
ERDur Overestimated
0672_EA ERQty No big difference
ERPr Underestimated
ERDur Overestimated
0662_LF ERQty Underestimated
ERPr Underestimated
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CHAPTER IV

ASSESSMENT OF WEATHER IMPACT ON HIGHWAY PROJECTS CONTRACT
TIME

4.1 Introduction

Quantifying the impact of weather conditions on highway construction is a cumbersome
task that requires a reliable repository of weather data, and rigorous statistical analysis to build
accurate weather models. Confusion about determining weather-related delays is often a basis for
disputes between the contractual parties. For instance, TXDOT has noticed that recently more
projects seem to be delayed or interrupted by weather events and is questioning whether the
source of these delays can be attributed to unforeseen weather conditions when scheduling
construction projects (Research Project Statement 17-12, FY 2017 Annual Program: Enhanced
Production Rate Establishment to Ascertain Construction Activity Durations, 2016). A thorough
analysis of the problem — see Figure 4.1.- revealed that the main factors causing weather-related

delays are as follows
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a. Temperature variability leads to changes in the productivity rates of construction
activities. (Koehn and Brown, 1985). This factor should be considered at two
different conditions: when the temperatures are too cold or too hot.

b. Precipitation is regarded as a major uncertainty factor that has adverse impacts on
productivity and duration of highway construction activities (Pan, 2005).

c. Wind speed also varies by location; and it can dramatically exacerbate the effects of

Temperature and Precipitation. (Dytczak et Al., 2013)

Temperature Wind Speed

Workers Shift —_—
Day vs Nigiut

Wind Direction

Suwrroundings
Urban or Rural
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Seasons: Too Hot
Too Cold

Weather-Related
Project Delays

Not Anticipated — Location vanability

Uncertainly Viapor increase >,

Location | . }
| — Unexpected clowds —

variabihity | [

Weatber
Atepor Precipitation

Figure 4. 1: Root-Cause Analysis of the Weather-Related Project Delays.

Fortunately, the literature includes several weather models that can be used to determine

the basis of the project delay and the eligibility of the contractor for an extension of time.
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However, the applicability of these models to real-life projects and their reliability to obtain true
assessment of the weather-related delays need to be further verified.

The objective of this chapter is to provide methods to estimate the impact of weather on
highway construction activities by modifying previously developed weather models. Two
notable models from the literature were applied to assess the weather delays in highway
construction. The first model aims to calculate how long each construction activity may be
extended as a function of likely futurere climatic events (Ballesteros-Perez et al. 2017). The
second model quantifies and provides a probabilistic forecast of weather events by identifying
the attributes causing weather delays and generating synthetic weather sequences using a
stochastic weather generator (Apipattanavis et Al. 2010). The modified models were applied to a
set of highway projects provided by TxDOT. The modified models were compared by
statistically analyzing the assessed outcomes of the weather impacts on the selected highway
projects. The modifications introduced in this study further enhances the previously developed

weather models and ensures its models their applicability in highway construction.

4.2 Methodology

The work plan devised to investigate weather-related delays is comprised of three main
milestones: Data Collection, Weather Modeling, and Data Analysis. A diagram depicting the
work plan designed for the investigation of highway construction delays caused by weather is

shown in Figure 4.2.
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First, an extensive literature review was performed in order to collect information on the
effects of weather in highway construction projects. Several models that assessed the impact of
weather in project duration were reviewed However, two models were identified and selected for
application. Those two models were found to be clear and comprehensive enough to rebuild; and
the information provided was enough to facilitate their implementation with real-life data.

The real-life data collection process followed by investigating projects previously
developed by TxDOT. Thirty highway projects were selected, and data on the activities
performed were extracted. The working dates were matched with the precipitation, wind speed,
and temperature information collected from the National Oceanic and Atmospheric
Administration (NOAA) database. The data collected from these sources was used for the
implementation of each model.

The weather impacts on the 30 TxDOT projects selected were assessed using the two
models adopted form the literature. The models focuses primarily on the impact of some weather
parameters, such as precipitation, wind speed, and temperature on the construction project
activities as well as on the overall project duration. Since the weather varies by region, the
original weather thresholds were modified in order to adapt to the South Texas climate, where
the 30 TxDOT projects were executed.

Lastly, new parameters were created for different types of durations to compare the
results of the models. The first parameter is Sag, which is the as-built duration or actual duration.
The second parameter is Stx; this is the duration estimated by TXDOT at the planning stage. The
next parameter is the Ser, which is the theoretical planned duration without taking into
consideration the impact of weather. The fourth and last parameter is the Spn, this is the duration

based on historical weather data, which is supposed to be the most accurate estimate of the
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duration that schedulers should have come up with taking into consideration the weather impact.
The results were then analyzed using paired T-tests to compare planned and actual durations.
This analysis further helped to provide conclusions about the advantage and limitation of each

model in assessing the impact of weather on highway construction activities.
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Figure 4. 2: Flow Chart of the Chapter Methodology.

The following subsections discuss in detail the implementation of the three milestones of
the research methodology.
4.2.1 Data Collection

To evaluate weather-related delays, historical data on previous projects developed by
TxDOT were collected from different sources. The first source is an official summary of the
project operations refereed to as the Contract Report Bundles (CRB). As previously mentioned,

the CRB contains information about the project activities dates, weather conditions, and many
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other important specifications. The Standard Specifications for Construction and Maintenance of
Highways, Streets and Bridges (Technical Advisory 5080.15, FHWA Guide for Construction
Contract Time Determination Procedures, 2002) was also consulted to verify the information
provided by the DOT.

However, the CRBs did not contain detailed information about the amount of
precipitation or the wind speed at the construction sites. The only information provided in the
report was the conditions of the day, expressed as clear, partly cloudy, windy, rain, etc., as well
as the lowest and highest temperature. As such, the National Oceanic and Atmospheric
Administration (NOAA) website was consulted to get exact measurements of the weather
conditions. The dates of the project activities were extracted from the CRBs and were matched to
the NOAA database to obtain actual information on precipitation, wind speed, and the
temperature. Another piece of information available about the projects was the project timelines
(planned schedule) in the form of a Gantt Chart. It provided information about the estimated

activities and project duration at the planning stage.

4.2.2 Data Modeling

Two models were applied in order to assess the impact of weather on project durations.
Four durations were calculated for the purpose of facilitating the comparison between models,
which are: Sag, Set, Spr, and Stx. Information on the Sag was obtained from the CRBSs; the Spn
was calculated based on the historical weather data which takes into consideration the weather
effect and acknowledges 30 years of historical weather data to determine if the weather delay

could have been anticipated. The value of the planned durations (Stx) was obtained from the
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estimated project timelines provided by the DOT. Finally, the theoretical planned project
duration (Spr) is the estimated duration without taking into consideration the weather occurring
during the project’s time-lapse was derived using information available about the first three
parameters, as will be shown in detail in the following sections.

4.2.2.1 Model 1. (Ballesteros et Al. 2017). The objective of Ballesteros-Perez et al.
(2017) model is to analyze the influence of weather conditions on construction work activities
and on the overall project duration by using historical weather data for forecasting these
durations. The model was utilized to assess the impact of weather on the previously developed
highway projects provided by the DOT; the following five steps were performed:

1. The first step in implementing this model to determine the actual durations of the
project activities. Each activity from the project timelines was matched to its
equivalent in the CRBs to get the actual working dates and the as-built duration (Sag).

2. The Raw Climatic Coefficients (RCC) are then calculated. The RCC is a reduction
coefficient that takes into consideration weather delays by counting the days in which
weather parameters, such as precipitation, temperature and wind speed, surpassed
certain limits that could cause work stoppage — see Table 4.1. The closer the
coefficient is to 1, the less likely the occurrence of the weather phenomenon in a given
month will be (Ballesteros-Perez et al. 2017). This means that it is less likely that a
weather-sensitive construction activity might suffer a delay. To compute the RCC, the
weather data obtained through NOAA was matched with the working dates for each
activity in each project, as shown in Figure 4.3.

Thresholds are then determined for each weather parameter in South Texas since weather

standards differs between locations. The thresholds consist of precipitation surpassing 1 mm, 10
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mm, and 30 mm; wind speed above 34.17 mph, and a maximum temperature higher than 91 F.
These limits were determined through an extensive literature review of previous quantitative

studies that have measured the impacts of weather variables as indicated in the original study.

Table 4. 1: Raw Climatic Coefficient Calculation (Ballesteros et Al. 2017.)

Parameters Raw Climatic Coefficients (RCC)
Co=1 = Days per month with precipitation = 1mm
il 0 days
Precipitation

. Days per month with precipitation = 10mm
Cpp=1-

(1 wweens, 10 e, 30 aemm) 30 days

Days per month with precipitation > 10mm

C — 1 —
P10 30 davs
T-EMPE_"M!HF{" 5 Doys per month with temperatures 329 > T > 9788
{32"= T =917 Cy=1-
30 days
Wind Spged Co=1 Days per month with wind speed = 34.17 mph
(3407 mph ) W 30 days

Reported material The item codes
quantities per of the activities.
working days.
.‘\cluul \\'urking Date Reported Qry | item Code | PRCP TMAX WSFG
d "l' i ‘d . 6/24/15 70911/0354-2045 o 90
ays classifie 4/29/15. 8565 0354-2045 o 8O
per activity __5/:51_12 37:.): :3355: ,;%: g : Weather data
(Item). '—xl"wzms T TR o % o |extracted from
72715 10500/ 0316-2403 0 a3 NOAA for each
$/26/15. 26425[0316-2403 ) 8y parameter.
4/28/15 2850/ 0316-2403 0 #0
4/20/35 5450(0316-2403 0 80
5/26/15, 13725/ 0316-2403 0 85
8/24/15 313500316-2403 0 93 344
8/25/15 L)tSO[IBlS-!MB 0 a3 344
B/26/15] &5450/0316-2403 o a3 344
10/19/15. 2000|0316 2403 0 84 )
LASAel | 2050/0316-2803 o 65 31
6/24/15 1931 58| 3268-2042 0 90
6/25/15! 1534.41| 3268-2042 0 %0
6/26/15) mugl:m—zoaz 0 90
/27115 1510.29] 1268-2042 ) 90
6/29/15 1188.37| 1268-2042 0 20
7/27/15 4631.01] 3268-2042 0 23

Figure 4. 3: Matching the Actual Working Dates with the Weather Data.
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Activities were next classified into categories based on the nature of work, namely
asphalt, concrete, earthworks, steelworks, and outdoor painting. The weather parameters
impacting the activity duration varies from one work category to another, as shown in Table 4.2.
The different RCCs affecting the same work category are then multiplied; and the value obtained

is called the Climatic Reduction Coefficient Actual (CRC actual).

Table 4. 2: Influence of Weather on the Type of Work (Ballesteros et Al. 2017)

~..  Inflneoeing

. Farameters

- C P1 C P10 C P30 C T C W Reference
Tpenf -,

Work .,

Asphalt
Pavement \/ ‘/

El-Rayes, Moselhi 2001,
/ Apipattanavis et al. 2010,
Chinowsky et al. 2013.

/ \/ Alshebani & Wedawatta 2014.

Concrete \/

Thorpe and Karan 2008,
Duffyet al. 2012,
Ballesteros-Pérez et al. 2017.

Earthwork \/

Thomas et al. 1999,
/ ‘/ Li et al. 2016,
Shan and Goodrum 2014,

David et al. 2010.

(P)::gt(i(;; \/ / / ‘/ Alshebani & Wedawatta 2014

3. The Spr is then calculated by multiplying the CRCactal by the Sag; this will reduce the

AN AN

Steelworks

actual activity duration and determine how long the original “as-built” schedule would
have taken to complete without the weather impacts.

4. The Climatic Reduction Coefficient (CRCHistorical) IS then generated based on historical
data; it is computed by multipliying the different historical RCCs by month affecting
the same work category. The previous 30 years of historical data made it possible to
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calculate how long the original planned theoretical duration would have taken if the
weather conditions had been similar to those in the 30 years before. As such, the Sp is
then calculated by simply dividing the Spr by the respective CRChristorical. The
CRClHistorical Values were determined at an 80% confidence level.

5. The obtained durations are then analyzed and compared to the Stx for conclusions.

4.2.2.2 Model 11 (Apipattanavis et Al. 2010). The second weather model (Model 1)
adopted in this research was developed by Apipattanavis et al. in 2010. The objective of this
model is to understand how weather affects highway construction, and to develop a framework
for predicting a reasonable number of nonwork days as a consequence of adverse weather.

The original model starts with the estimation of the as-built schedule, which should be
created with no adjustments for weather delays. Once the activities durations are determined, the
project activities are classified into one five construction categories that appear in the matrix
shown in Table 4.3. For each critical activity, the pertinent weather conditions that may cause a
delay are identified. The three weather types considered are precipitation, temperature, and wind
speed. The weather threshold that causes work stoppage are also give in Table 4.3 (Apipattanavis
et al. 2010). It should be noted that the basic threshold values should be adjusted to suit the
conditions specific to the project site and geographic location. Using historical weather data and
a stochastic weather generator, a weather model is applied to estimate the number of days in each
month when adverse weather conditions occur. With this prediction, the construction schedule in

the original schedule is modified by accounting for the delay days to include the weather effects.
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The original model was modified in order to obtain results on the previously established
parameters (Sag, Spt, SpH, and Stx.) This model was applied as follows:
1. The first step was to calculate the Sag for each project activity. This procedure is
described in the previous sections for Model I, and the same methodology was

followed.

2. The activities work dates were then matched with the actual weather retrieved from the
NOAA website. The weather data gathered focused on the parameters of precipitation,

maximum temperature, and wind speed.

3. The weather thresholds indicated in the original study were used for precipitation, soil
temperature and wind velocity. However, temperature limits were adjusted to suit the
South Texas region. This threshold limits, were then used to determine the number of
days of work stoppage due to the different weather conditions studied.

Table 4. 3: Different Weather Conditions and Thresholds Used in Model Il (Apipattanavis et al.
2010)

Twpaar sl
Werk | Concrete Paving Structural Mass Excavation

Asphalt Paving Grading

Wenther
Covinditiem

Between 0.25-0.5

Precipitation Above 0.1 in No moisture allowed inches 0.25-0.5 inches 0.25-0.5 inches
Temperature Below 320':. or above | Below 32°lz or above Below 32°Foand None Below 32°Fc> or
90°F 90°F above 90°F above 90°F
Soil Temperature Below 22°F Betweego?:’2:°F and None Freezing Freezing
Wind Velocity Above 25 mph None Above 35 mph None None
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4. The original model used a stochastic weather generator to predict the number of days
in which each weather parameter is expected to appear and exceed the pre-established
thresholds. To have more accurate results, the model was modified by using historical
weather data from the NOAA database. For each weather parameter, data were
collected for the previous 30 years. CDFs were generated for each month using the
collected data; they were used to get the average number of days in previous years in
which each condition occurred. The number of days of work stoppage due to weather

delays were determined at 80% probability, as shown in Figure 4.4

January Precipitation = (0, Inm

Figure 4. 4: CDF Used to Determine the Number of Days of Weather-Related Delays.
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The number of weather days determined using the CDF were used to calculate the
number of delay days of an activity. For example, at 80% probability level, Fig. 4
indicates that 5 days in January are expected to have precipitation in excess of 0.1 mm. If
a concrete paving activity has a Sas of 9 days, then the number of delay days expected
for this activity is 1.5 days calculated as 5/31*9. The delay days are then rounded up to 2
days. The planned theoretical duration (Ser) is then calculated as 7 days by subtracting
the delay from the Sag.
5. The last established duration is calculated by using the same method described in the
previous model. Spr is divided by the CRCHhistorical to determine the Spx duration.
Finally, results are compared and analyzed for conclusions.
4.2.3 Data Analysis with New Parameters
The new parameters introduced in this study are the Sy, Spr, Spy , and Sy durations.
The two models were used to determine the values of the 4 parameters ( Syg, Spr , Spy
,and Sty ) for different types of highway projects for comparison purposes. Summary of the
equations used to determine the established durations to compare results from both models is

shown in Table 4.4.
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Table 4. 4: Established Duration Formulas.

Duration Parameter Formula

As Built (Sag) N.A. (Actual Project Report).

Model I: SPT = SAB X CRCACTUAL

Planned Theoretical (SpT)
Model Il: Spt=Sag - Delay Days

Planned Historical (Spp) Spu= Sp1/ CRCysToRICAL

Estimated by DOT (Stx) N.A. (Planned Project Schedule)

The major difference between the two models is the method used to calculate the planned
theoretical duration (Sp7). Model I utilize the climatic reduction coefficient while Model 11 uses
the number of delay days. Both methods are based on historical weather data obtained from the
NOAA website. However, the method of application is different as previously described. Once
the established durations were computed, descriptive and inferential statistical analysis were
deployed as follows:

First, four ratios were established Spn/Sag, Stx/Sas, SpH/Stx, and Spr/Stx. These ratios
were computed to determine the quantitative relation between the proposed durations, the
conclusions for each ratio are:

> Spu/Sag: If the ratio is greater than one, it means that weather is not behaving in the same
way as historical data. On the contrary, the contractor has enjoyed better-than average
weather conditions. As such, he would not be entitled to time extensions or any kind of

compensation.
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» Spu/Stx: If the ratio is greater than one, then the project total duration has been
underestimated and weather was not taken into consideration in estimating the activities
durations.

> Sp1/Stx: If the ratio is greater than one, then the project total duration has been
underestimated but not necessary because of weather reasons.

» Stx/Sas: If the ratio is greater than one, then the project total duration has been
overestimated by the DOT planners and schedulers, and contractor is not entitled to any
extension of time because of the weather conditions. Also, there is an indication that the

systems used by the TXDOT are not reliable to estimate project duration.

Paired T-tests were conducted to assess whether there is a significant difference between
the different durations’ parameters calculated for the 30 projects studied. The paired T-test null
hypothesis (H,) was set to assume that the true mean difference (1, ) between the studied
durations is zero (Hy: ug=0), while the alternative hypothesis (H;)was set as u;# 0. The Paired
T-tests were performed for Spr Vs Sas, SpH VS Stx, Spt Vs Stx, and Stx vs Sas. These tests served

to verify the conclusions that were based on the values obtained from the ratios.

Lastly, the two models were compared using the 4 durations calculated for each project.
Paired T-tests were performed to determine if there is a significant difference in the results
obtained from the two models particularly for the planned historical and theoretical durations

(SPT Model 1 VS. SPT Model 11 ; SPH Model 1 VS. SPH Model 11)
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4.3 Case Study

One projects were selected as case study to demonstrate the applications of the two
models and the calculations of the 4 established durations. The results obtained were used to

verify the initial hypothesis and further draw final conclusions.

This case study is comprised of a highway project that was completed in South Texas.
The project activities, estimated activity durations relationships, and other details are given in
Table 4.5. Planners estimated a total duration (Stx) of 167 days for this project. The project had
eleven major work items that which were executed between September 2015 and March 2017.
As such, distinct types of weather factors and conditions could affect the construction schedule.
It took 115 days (Sag) to complete of the project. The Gantt chart shows the actual work days

obtained from the CRBs (see Figure 4.6).

Table 4. 5: Case Study— Project Time Estimate.

D NO WORK ITEM UNIT | quant, |[PURATION | PRED LAG |EARLY EARLY
DAYS TASK | (%) | START | FINISH
1 SET UP BARRICADES DAY 2 2 1 2
2 |SWEP DEVICES DAY 5 5 1 100 3 7
3 |CEMENT TREAT (EXIST MATL)(DC)(8") SY 250,023 72 2 100 8 79
4 |GEOGRID BASE REINFORCEMENT (TY II) 5Y 255,141 57 3 50 44 100)
5 |FLBS (CMP IN PLC)YTYA GR1-2)FNAL POS) cy 69,867 58 4 50 73 130
6 |ASPH (AC-15P) GAL 231,175 21 3 73 117 137
7 |BACKFILL (TY A OR B) STA 720 29 5 75 117 145
8 RE PM W/RET REQ TY T (W)4"(SLD)(100MIL) LF 216,653 10 6 100 138 147
9  |REFL PAV MRKR TY II-A-A EA 1,429 3 g 100 148 150
10 |CELL FBR MLCH SEED(PERM)(RURAL)(CLAY) SY 154,135 14 9 100 151 164
11 |FINAL CLEANUP DAY 3 3 10 100 165 167
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4.3.1 Assessment of the Weather Impacts Using Model |

The first step in the application of Model | was to classify the activities by type of work.
The classification was performed based on TXxDOT specifications manual (DOT Specifications
Manual, 2004) and the CRBs. The activities were then organized chronologically by the month
in which they were performed. The number of days in which the established limits were
surpassed are shown in Table 4.5. The thresholds for work stoppage for different weather
conditions are shown in Table 4.1. For instance, the number of days of delays due to different
weather conditions for the Cement Treatment activity is shown in Figure 4.5a. The RCCs were
then calculated for each activity for each month of the year using the equations shown in Table
4.1.

Since not all the weather variables (RCC) affect all the construction activities the same,
the CRC values were determined by multiplying the RCCs pertaining to a designated work
category. For example, the CRC value concrete items is calculated by multiplying the RCCs: Cp,

Crand Cw (CRC = Cpq X Cr X C,) according to Table 4.2, see Figure 4.5b.

Subsequently, the durations of the activities affected by weather were reduced using these
CRC values. The planned theortical (Spr) can then be calculated by multiplying the CRC value
corresponding to each activity by its as-built duration, see Figure 4.5c. To calculate how long
the original planned schedule would have taken to complete (Spy,), if the weather conditions had
been like those in the previous 30 years, it is only necessary to divide each activity Spr by its

respective CRChistroical Value obtained from historical weather data.
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a)

Activity Type of Work No. ofDays
PRCP (1) PRCP (10) [PRCP (30) TMAX WSFG
Cement Treat. July 2016 Concrete 0.00 0.00 0.00 8000 0.00
Cement Treat. Sept. 2016 Concrete 2.00 1.00 1.00 5.000  0.00
b)
Activity : RCC Values :
Cpy Cpio Cpo Cr Cyw CRC Actual CRC Historical
(Cement Treat. July 2016 1.00 1.00 1.00 0.73 1.00 0.73 0.21
ICement Treat. Sept. 2016 0.93 0.97 0.97 0.83 1.00 0.81 0.40
c)
Activity No. of Days
S:n Ser Spn
Cement Treat. July 2016 7.00) 5.00 24.00
(Cement Treat. Sept. 2016 8.00) 6.00 15.00

Figure 4. 5: Model | Application Process. a) No. of Delay Days, b) Calculation of the RCC and

CRC values c¢) Reduction of as-built duration.
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The planned historical bar chart schedule for the project is shown in Figure 4.7. The total
planned historical project duration calculated was 166 days. Since the as-built duration is smaller
than the planned historical, the contractor has enjoyed better-than average weather conditions
and would not be entitled to any time-extensions or compensation in case of claims. The

illustration of the details of the implementation of Model I is shown in Figure 4.6.

I Determining the number of days exceeding valucs. I I CRC y¢qpar calculated using RCC values |

| o 1

| i No. of Days i | | RCC Vanes v | CRC

) Activiy T Type af Wark | PRCP (1) PRCP(10) PRCP (30) [TMAX [WSFG | [ Cr | Cme | Cre | C | Cw | Acus |
Cemss Tren Segeeusber 2015~ Concrete | | 1.0 0.00 008 008 000 | 097 1.0 1004 1.00{ 1.00 1.00{
Cement Treat October200d  ~ Concrete. | L.00. 0.00{ 000 000 000 | 097 1.00{ 1.00 1.00] 1.00 1.00{
Cenent Treat Februmy 2016~ = Concrete * | 0.00 0.00{ 000 000 00N » | 1.004 1.00{ 1.00{ 1.00 1.00{ 1.00{
Conens Tyesr Manch 2016 Concrete | | 0.00 0.00 000 000 000 | 1.00 1.000 1.00{ 1.00{ 1.00 1.00{
Cenent Treat Apsil 2016 . Concyete 0,00 0.00{ 008 000 000 | 1.00{ 1.000 1.00 1.00{ 1.00 1.00|
Comes Tros May 2016 Concrete 0.00 0.00 00 003 000 | 1.004 1.00 1.00{ 1.00 1.00{ 1.00{
oot Tres June 2016 Conerete | | 100 1.00{ 000 000 00 | 097 097] ] 00 ] 00{ 1 .00{ 097

+

I Each activity was classified by the Type of Work I

1 " | I I
Results of the . Dutsion | CDF RCC Values PRCP [WSFG [TMAX 1 L8 L ge—
Sults —
S, Ser Sen February 0.86 0.9 0.83
- T GR— AB ) ra ) L] ) - - - e . . =
parameters created aod a0 100a —y [ YY) [ aw 083
4.00 4.00 6.000 :\pm | 0 3‘. 0.99 U v" 0.83
12.000 12.00 15.00 May | 035 099 084 0.74
1L.00 100 2.004 e 086 0.99 042 0.56
9.00 9.00 1100 ) ) ) l
L.00 1.00 2.00
1.00 1.0 3 00

Sy 18 calculated using the
CRCyistorican

Figure 4. 6: Model | Development Step by Step.
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Figure 4. 7: Bar chart schedules for case study.
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4.3.2 Assessment of Weather Impact using Model 11

To Implement Model Il, the first step is to determine the number of delay days. The delay
days were calculated using the thresholds given in see Table 4.3. The matrix thresholds represent
the maximum intensity a weather event can occur before a construction activity stops. Weather
events exceeding this threshold constitute reasonable grounds for a work stoppage. The matrix
threshold was also used to classify each activity with its own type of work. Due to variations in
site conditions and other parameters, the matrix was calibrated to suit the region of south Texas.

Figure 4.8 consists of Part a) the item classification with the matrix parameters and the

number of days shown in the CDFs, Part b) reveals the calculation results with respect of delay

days, and Part c) shows the as-built duration considering delay days using Model I1.

a)
‘\' . ave
Activity Type of Work | T Yo of Days T
PCP (0.1) PCP (0.25) Tmax (91)WND 25 WND 35
Cement Treat. July 2016 Concrete 6.00 0.00| 25.00 18.00 4.00
Cement Treat. Sept. 2016 | Concrete | 7.000 6.00 16.00 9.00{ 2.00
b)
No. of Days
Activity . PP . , . R y
S,s |#Days (CDF) Delay Days| S,.  CRCy.nca| Sen
Cement Treat- July 2016 7.00 6.00| 1.35 5.65 0.21] 29.00
Cement Treat- Sept 2016 8.00 7.00] 1.81 6.19 0.40{ 18.00,
<)
No. 'S
Activity Yo. of Days
} SAR SP‘I’ 1 SP’H
[Cement Treat. July 2016 | 7.00 600 29.00
[Cement Treat. Sept. 2016 8.00] 7.00) 18.00

Figure 4. 8: Application Results Model 1.
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For example, the number of rainy days exceeding the work stoppage threshold for the
Cement Treatment activity during the month of July are 6 days. They were determined using the
precipitation CDF at 80% probability level, as shown in Figure 8. Since the assumption is that
the weather impacts are spread evenly among the days of the month, the number of delay days
due to precipitation for the Cement Treatment activity are 1.35 days rounded to 2 days. They
were calculated by dividing the total rainy days (6) by the number of days of the month (31)

multiplied by the activity duration (7 days).

The Spr was determined by simply subtracting the actual number of delay from the Sag;
the project total Spr is 96 days. The Spx durations were determined the same way described in
the previous model. The projeect SpH determined using Model 11 is 150 days is closer to the Sag
(115 days) than the Spy determined using Model (166 days). Hence, it can be deduced that
Model | tends to exaggerate the weather impacts more than Model 1. The demonstration of the

details of the implementation of Model Il is shown in Figure 4.9.
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6 Days

I I. Determining the number of days

2. Calculate the Delay Days =

6
31 Days in july

+7=135

on the CDF l
‘ No, of Days

ol

Activity
v Sun |#Days (CDF) Delay Days| Spr | Sy
Cement Treat- July 2016 2.00{ 6,00} 135 5.63] 200
Cement Treat Sept 2016 | 8.00] 7.00, 181l 619 1800

I 3. Spr= 7 (actual duration) ~ 1.35 (delay day) = 5.64 days = 6 days I

Duration Model 2

Activity

Sas_|WDays (CDF) Delay Days| Ser | Srw

Cement Treat- Juk X016 |

7.00

.00/

135

565

24K

Cesnent Treat- Sept 2016 |

.00

pR LU

L&)

6.1

1540

Figure 4. 9: Model Il Development Step by Step.

4.4 Analyses and Discussion

The two models were applied to a 30 highway projects executed in Texas. The results of

the four durations parameters (Sas, Stx, Set, Sen) obtained using both models are shown Table

4.6.
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Table 4. 6: Models Results for all studied projects.

MODEL I MODEL II
Project Sas Stx
Spt SeH Ser SeH
P1 40.00 238.00 40.00 91.00 37.00 72.00
P2 20.00 34.00 20.00 29.00 16.00 23.00
P3 40.00 51.00 36.00 88.00 20.00 33.00
P4 71.00 85.00 67.00 103.00 54.00 79.00
P5 31.00 102.00 31.00 89.00 29.00 62.00
P6 53.00 42.00 52.00 183.00 35.00 75.00
P7 86.00 69.00 82.00 107.00 73.00 104.00
P8 27.00 119.00 27.00 43.00 26.00 42.00
P9 47.00 88.00 47.00 64.00 45.00 59.00
P10 36.00 42.00 35.00 45.00 30.00 38.00
P11 25.00 51.00 25.00 65.00 18.00 44.00
P12 38.00 61.00 37.00 104.00 30.00 66.00
P13 123.00 167.00 115.00 187.00 103.00 167.00
P14 24.00 59.00 24.00 56.00 22.00 54.00
P15 65.00 48.00 62.00 109.00 48.00 86.00
P16 15.00 59.00 8.00 45.00 8.00 45.00
P17 44.00 61.00 32.00 172.00 17.00 72.00
P18 25.00 66.00 11.00 56.00 7.00 39.00
P19 46.00 60.00 42.00 48.00 33.00 47.00
P20 17.00 18.00 13.00 68.00 6.00 24.00
P21 41.00 65.00 41.00 94.00 29.00 49.00
P22 32.00 28.00 35.00 61.00 33.00 59.00
P23 21.00 51.00 20.00 27.00 17.00 62.00
P24 38.00 96.00 24.00 43.00 24.00 44.00
P25 26.00 119.00 20.00 40.00 20.00 41.00
P26 25.00 102.00 26.00 115.00 21.00 93.00
P27 47.00 102.00 49.00 158.00 44.00 145.00
P28 12.00 51.00 12.00 24.00 12.00 24.00
P29 48.00 148.00 41.00 83.00 37.00 64.00
P30 48.00 68.00 32.00 48.00 37.00 67.00
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The analysis conducted is comprised of two main aspects. First, the mathematical
comparison of the calculated durations was conducted using four ratios (Spn/Sag, SpH/Stx,
Sp1/Stx, and Stx/Sas) to assess the performance of the two weather models selected. Second,
statistical analysis was deployed to verify the outcome of the analysis of ratios. Paired T-test was
used to compare the values of the four duration parameters determined by the same model.
Additionally, the performance of the two models was statistically analyzed by comparing the

values calculated by each model for a given duration parameter.

4.4.1 Analysis of Ratios

First, the planned historical duration (SpH) was compared to the as-built duration (Sag) -
see Table 4.7 - to determine whether the project had experienced inclement weather conditions
that could not have been anticipated. The results for the two models - see Figure 4.10a- show that
possibly all the projects might have enjoyed better than average weather (Spr/Sas >1) except for
one project as determined by Model I1. In this case, any claim submitted by the contractor for an
extension of time on the basis of adverse weather conditions should have been rejected.
However, the inspection of the calculated values reveals that in some cases the Sph is almost five
times the Sag, which raises a concern about the effectiveness of the two models to assess the

impact of weather on the durations of highway projects realistically.
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Table 4. 7: Different Ratios Used for the Analysis of the Duration Parameters.

Project SpH/SaB SpH/STX Sp1/STX St /Sas
Model | Model 11 Model | Model 11 Model | Model I

P1 2.28 1.80 0.38 0.30 0.17 0.16 5.95
P2 1.45 1.15 0.85 0.68 0.59 0.47 1.70
P3 2.20 0.83 1.73 0.65 0.71 0.39 1.28
P4 1.45 1.11 1.21 0.93 0.79 0.64 1.20
P5 2.87 2.00 0.87 0.61 0.30 0.28 3.29
P6 3.45 1.42 4.36 1.79 1.24 0.83 0.79
P7 1.24 1.21 1.55 151 1.19 1.06 0.80
P8 1.59 1.56 0.36 0.35 0.23 0.22 4.41
P9 1.36 1.26 0.73 0.67 0.53 0.51 1.87
P10 1.25 1.06 1.07 0.90 0.83 0.71 1.17
P11 2.60 1.76 1.27 0.86 0.49 0.35 2.04
P12 2.74 1.74 1.70 1.08 0.61 0.49 1.61
P13 1.52 1.36 1.12 1.00 0.69 0.62 1.36
P14 2.33 2.25 0.95 0.92 0.41 0.37 2.46
P15 1.68 1.32 2.27 1.79 1.29 1.00 0.74
P16 3.00 3.00 0.76 0.76 0.14 0.14 3.93
P17 3.91 1.64 2.82 1.18 0.52 0.28 1.39
P18 2.24 1.56 0.85 0.59 0.17 0.11 2.64
P19 1.04 1.02 0.80 0.78 0.70 0.55 1.30
P20 4.00 1.41 3.78 1.33 0.72 0.33 1.06
P21 2.29 1.20 1.45 0.75 0.63 0.45 1.59
P22 1.91 1.84 2.18 211 1.25 1.18 0.88
P23 1.29 2.95 0.53 1.22 0.39 0.33 2.43
P24 1.13 1.16 0.45 0.46 0.25 0.25 2.53
P25 1.54 1.58 0.34 0.34 0.17 0.17 4.58
P26 4.60 3.72 1.13 0.91 0.25 0.21 4.08
P27 3.36 3.09 1.55 1.42 0.48 0.43 2.17
P28 2.00 2.00 0.47 0.47 0.24 0.24 4.25
P29 1.73 1.33 0.56 0.43 0.28 0.25 3.08
P30 1.00 1.40 0.71 0.99 0.47 0.54 1.42

The planned historical SpH and estimated Stx durations were also compared to assess whether

any additional time were allocated to the activities during the schedule planning stage to account

for the weather impacts. The results show that 50% of the projects DOT estimated durations
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(Stx) were lower than planned historical Spn according to Model | compared to only 30% as
determined by Model II. Alternatively, according to both models about 50% the projects
estimated Stx exceeded the values of Spr by 20%. Hence, it can be concluded that: the project
estimated durations (Stx) were generally overestimated; Model | utilizes a more conservative
approach than Model 1l in assessing the impacts of the weather conditions on the project
duration, as evidenced by the higher values of Spy calculated using Model 1, as shown in Figure

4.10b.

mFatio =1 mRatio <1

© 10 2 -
; 26 2T 6
= 1
20
15 15
15
10 ¢
5 I 4 3 4
; 1
SN LN iR = []

ModelI IModelll IModell Modelll DIModell Modelll
a)5pe/Sag b) Sp/Stx ¢) Spr/Stx d) Srx/Sap

No. of Projects

Figure 4. 10: Ratios Results.

The planned theoretical duration (Ser) represents the raw duration of the activity without
the incorporation of any additional time to account for weather conditions. The results show that
there is no evidence of the incorporation of the weather impacts in the total DOT estimated
duration (Stx) of four projects according to Model I, and two projects according to Model 11, see
Figure 4.10c. Further analysis reveals that the DOT estimated durations had been exaggerated in
several occasions. In some cases the Stx was estimated as more than 7 times the Spr. This
conclusion was further verified by the analysis of the Stx/Sas ratio; the results show that the
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project Stx are generally overestimated — see Figure 4.10d - and was overly exaggerated in some
cases. For example, the Stx for the first project is more than five times the actual project duration

(Sag), see Table 4.7.

By inspecting the four ratios, it can be deduced that the project estimated durations (Stx)
are generally higher than the rest of the durations. The fact that the project estimated durations
(Stx) are generally overestimated compared to the planned historical duration (Spn) suggests that
the exaggeration in the Stx can be rooted to other causes such as, the utilization of low

production rates.

4.4.2 Statistical Analyses of Models Results

Inferential parametric statistical analysis was used assuming a normal distribution —
based on the normality test conducted - to investigate the significance of the differences between
the true means of the four duration parameters, and to verify the findings concluded using the
ratios analysis. The Spn and Sag values were statistically compared using a paired t-test. The
results showed that there is a significant difference between the true mean values of Spn and Sag
calculated using both models, see Table 8. The t Stat, t Critical, and P-Value were 6.38, 2.05, and
5.62x107 for Model I, and 5.88, 2.05, and 2.23x10 for Model 1l at a confidence interval (CI) of
95%. The results further support the previous conclusions regarding the ineligibility of the
contractors to weather-based time extensions, and the concern raised about the accuracy of the

two weather models due to the inflated values of Spn.
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Table 4. 8: Paired t-Test of Models Results.

T-test: Paired Two Model | Model 11 Model | Model 11
Sample for Means
SpH Sas SpH Sas SpH Stx SpH Stx

Mean 81.50  40.37 62.63  40.37 81.50 78.33 78.33 62.63
Variance 2,083.78 524.10 1,052.24 524.10 | 2,083.78 2,087.68 | 2,087.68 1,052.24
Observations 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
t Stat 6.38 5.88 0.31 1.99

_ . 5.62*10- 2.23E*10-
P(T<=t) two-tail 7 6 0.76 0.06
t Critical two-tail 2.05 2.05 2.05 2.05

Although the analysis of the ratios showed that the estimated Stx durations exceed the Spy for
the most part, the statistical analysis using a paired t-test showed that there is no significant
difference between the true means of the Stx and Spn durations using both models. In fact, these
results support previous findings using the ratio analysis since half of the Stx values were greater

than Spn durations while the other half was lower, see Figure 4.11.

B S Spy Model Il Sy Mzl | S

W)

Duration {Da

D |||‘I|‘||I|I d & N

1 23 456 7 8 95 1011121314151617 1819 20 21 22 23 24 2526 27 28 29 30
Project No.

Figure 4. 11: Comparison between the DOT estimated duration (Stx) and planned historical
duration (Spy)
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The statistical comparison between Stx and Sag show a significant difference in the true means,
see Table 4.9. This result support the fact that the Stx are overestimated as shown using the ratio
analysis.

Table 4. 9: Paired t-Test for estimated and actual durations.

T-test: Paired Two Sample Sry S
for Means
Mean 78.33 40.36
Variance 2,087.67 524.10
Observations 30.00 30.00
t Stat 4.76
P(T<=t) two-tail 4.87*10°
t Critical two-tail 2.04

4.4.3 Comparison of Models Results

The statistical analysis conducted by comparing the mean of the values of the Spn values
and Sag suggests that the two models do not reflect what happens in reality. Further analysis was
compared to investigate whether there is any significant difference in the performance of the two
models. A paired t-test conducted to compare the true mean values of the Spy and Spr obtained

using both models the results — see Table 4.10 - showed that there is no significant difference in

the means.
Table 4. 10: Paired T-test Results for comparisons of planned historical and planned theoretical
durations.
g;ﬁ;zlepg:e&;"r‘l’g SerModel I SprModel 1l | SpModel | Spr Model 1

Mean 36.87 31.03 81.50 62.63

Variance 501.77 401.62 2,083.78 1,052.24

Observations 30.00 30.00 30.00 30.00

t Stat 5.75 3.49

P(T<=t) two-tail 3.13*10° 1.58%103

t Critical two-tail 2.05 2.05
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CHAPTER V

EFFECT OF LOCATION, WORKERS SHIFT, TYPE OF WEATHER AND
TEMPERATURE ON PRODUCTION

5.1. Introduction

Managing unexpected and unavoidable factors is one of the most difficult, yet important
aspects of the planning process of any highway construction project. Anticipating the effect of
these factors can have a huge impact in terms of completing the project on time and on budget.
Better yet, including the adverse influence of these factors when scheduling projects, enables to
better organize the execution of construction projects more reliably. The incompletion of the
project in the scheduled time and budget causes legal conflicts between the investor and the
contractor. Contractor’s claims, in respect to delays caused by external factors, are validated if
proof is shown that the delay was beyond his control. However, proving the negative effects of
external factors is a difficult task that is yet to be completely solved. Quantifying the effects of
these factors can facilitate or avoid the contractual disputes between both parties. TXDOT has
noticed that recently more projects seem to be delayed or interrupted by: (1) Conflicting Weather
Conditions (2) Temperature, (3) Project’s location, and (4) Workers’ shifts. The DOT is
questioning whether the source of these delays can be attributed to unforeseen impact of these

factors when scheduling construction projects.
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The primary objective of this chapter is to evaluate how (1) Conflicting Weather
Conditions (2) Temperature, (3) Project’s location, and (4) Work shifts, affect the productivity
rates of highway construction activities. This includes the assessment of the accuracy of the
construction production rates used for determining contract time. To accomplish this objective,
historical data from previous projects were collected and analyzed to compare productivity rates

under different conditions and determine if there was any significant difference between them.

5.2. Methodology

The methodology designed to investigate the scheduling delays in the Highway projects
is comprised of the following main milestones: Data Collection, Data Modeling and Data
Analysis- see Figure 5.1. In order to develop a realistic contract time, TXDOT schedulers need to
understand how these external factors can affect project duration. First, an extensive literature
review was performed in order to collect information on the impact of these factors on the
productivity rates. Also, it deemed essential to identify the common factors reported by previous
studies that affect the production rates. The second step was to collect historical data from
different district offices. The data collected were modeled and statistically analyzed to evaluate
how the different factors affect productivity rates. The obtained results assisted to draw final

conclusions on how these factors affect the overall project duration.
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Figure 5. 1: Chapter Methodology Flow chart.

5.3 Implementation

Following the work plan shown in Figure 5.1., the implementation of these three main milestones

is described below:

5.3.1 Data Collection and Factors Evaluated.

The first step in evaluating the previously mentioned factors was to collect data on
different work items of previous projects developed by TxDOT. The data collected was for the
work items production rates and the studied conditions to which the projects were exposed.

The conditions studied were also found in the Contract Report Bundles (CRB) provided

by TXDOT. The CRB contains the daily temperatures, weather conditions (Clear, Cloudy,
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Drizzle, Heavy Rain, Partly Cloudy, Rain, Stormy, Windy, or Hazy), the location of the project
(Urban or Rural area) and the time in which activities were developed (Day or Night Shifts).
The information was extracted using the spreadsheet-based software designed by team to

automate the process, ensure consistency, and minimize the chances of error.

5.3.2 Data Modeling

The data collected were then analyzed to assess the impact of the studied conditions on
the productivity rates. Each condition was modeled in order to perform the statistical analyses,
the modeling of each condition is described in the following sections:

5.3.2.1 Evaluation on Weather Effect. Weather conditions were compared

between projects to determine the effect conditions on the productivity of the workers in the
South Texas Region. Twelve (12) different types of weather conditions were found in the report
bundles, which included: clear, cloudy, partly cloudy, fog, hazy, windy, drizzle, rain, heavy rain,
stormy, icy, snow. Two different assumptions were made to ease the analysis process: First, the
windy and drizzle conditions were divided into two categories. Windy-1 and Drizzle-1 if work
was performed during these conditions and Windy-2 and Drizzle-2 if no work was performed
due to strong wind or rain. Second, all conditions were classified into four main categories: 1).
Clear - considered a perfect work condition. 2) Cloudy (i.e., Cloudy, Partly Cloudy) - good work
conditions (effect of sunlight) 3) Mild weather (Fog, Hazy, Drizzle 1, Windy 1) -considered
uncomfortable work condition, sometimes work slowed down, activities were delayed, or
stopped work early due to safety concern. 4) Severe weather (Drizzle 2, Windy 2, Rain, Heavy

Rain, Icy, Snow, Stormy) — does not allow work.
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The previously mentioned four conditions were used in the statistical analysis. Due to
consideration of valid sample size, the analysis was made according to the following three
different situations: -1f the valid sample sizes for mild and severe conditions were equal or
greater than 10, all four groups clear, cloudy, mild, severe were used. -If the valid sample sizes
for mild or severe conditions were less than 10, a new group called mild/severe was formed from
the combination of these two. Afterward, the analysis was performed with three groups: clear,
cloudy, and mild/severe. -If the combined valid sample size of mild/severe resulted in less than
10, the data was ignored, and analysis was performed with two groups: clear and cloudy. -The
raw records provided AM condition and PM condition for a day. By merging the 1703 working
items together, it was found that there were 16341 (79%) days had same AM and PM conditions,
and 4735 (21%) days had different AM and PM conditions. In cases were the conditions were
different, the worse condition was used for the analysis. Due to the sample size limitation,

statistical analysis could only be performed on 39 items for the weather conditions analysis.

5.3.2.2 Evaluation on Temperature Effect. Although it may seem that temperature has
a lower effect on productivity when compared to weather conditions, it can have an equal or
even more significant impact on the productivity rates. For this reason, it was important to
consider the impact temperature has on productivity rates. Two types of temperatures were
provided in the CRB: High and Low-temperature readings by date. The temperatures were
defined as follows: 1) If work was executed during the daytime, the highest temperature reading
was recorded. 2) If work was executed at night, the lowest temperature reading was used. If work
was completed at Day/Night (207 cases, less than 1%), that day’s temperature was assigned a

value NA (i.e., missing) therefore, that case was excluded from further analysis.
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Due to the existence of many outliers in the data provided and the sample size limitation,

only 40 items were studied for this part of the investigation.

5.3.2.3 Evaluation on Location Effect. One of the factors not commonly studied in the
literature is the location of the project, specifically whether a project is located in an urban or
rural area. To conduct a meaningful evaluation, it was essential to analyze the collected data
statistically from three different perspectives, and the location is one. According to the project’s
address provided in the CRB, projects were simply classified as urban or rural projects. The
productivity rates were then analyzed to determine if there is a change based on the location of

the project. Due to the sample size limitation, the location was examined on 26 items only.

5.3.2.4 Evaluation on Shift Effect. Worker’s shift (Day or Night), has not been
investigated as often as the other factors. This factor is related to traffic and location and
consequently affects production rates. The investigation of shift impact on productivity rates can
help engineers determine if nighttime operations have an advantage over daytime in terms of
productivity. Similar to location, the types of shifts were simply classified in Day or Night. Due

to sample size limitation, only three items were considered for workers shifts.

5.3.3 Data Analysis

The factors collected were then analyzed to assess the effect of the studied conditions on
the productivity rates. A total of 1703 working items were retrieved from all the projects
provided by the DOT. As a result of further data exploration, the existence of many outliers was

discovered in almost all items, and statistical analysis could only be performed on some of these
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items. To evaluate the impact of external factors on the productivity rates, descriptive statistics,
comparisons on the averages (or median) of production rates, and regression analyses were

applied.

In order to conduct a meaningful evaluation of productivity rates, it was essential to
analyze the collected data statistically from three different perspectives. First, descriptive
statistical analysis was conducted to provide a comprehensive evaluation of the productivity rates
through the analysis of each work item individually. Every work item was listed in a separate
sheet; data on the temperature, weather conditions, location, shifts and production rates of the
specific item were collected from all the projects provided by the DOT, see Table 2. Second, the
analysis was conducted using inferential statistics. These analyses helped determine if there was
a significant difference between production rates under the different conditions studied. Finally,
items were classified into four work categories, namely, 1) Earthworks, 2) Finishing Works, 3)
Asphalt works, and 4) Concrete works. Items of the same nature were grouped together, and their
data were statistically analyzed to evaluate the effect of each condition on the productivity rates
with respect to the designated work categories. In order to obtain significant statistical results

only items with a sample size greater than 60 were considered for the evaluation.

5.4. Statistical Analyses Results

To evaluate the effect of weather conditions, temperature, location, and workers shift on
the production rates of construction activities, a series of statistical analyses were performed on

each factor. The primary objectives of the analyses are to determine if there is significant
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difference between production rates under the different conditions studied. A significance level

of 0.05 was used for all tests.

5.4.1 Weather Conditions

For each of the factors studied (Clear, Cloudy, Mild/Severe), only work items with a
sample size bigger than 60 were considered for the analyses. First, the use of descriptive statistics
was essential to determine the general characteristics of each factor. Based on this exploration, the
existence of many outliers (some extreme) was found in all items studied. This means that

distribution of work items could not be assumed to be normal.

When data was not available for one of the weather conditions, the non-parametric two-
sample Wilcoxon signed rank test was used for the analysis. When items presented all three

weather conditions the non-parametric Kruskal Wallis test was performed.

The Wilcoxon signed rank test helped determine if the median average of production rates
of one of the weather conditions was significantly less or greater than the other condition studied.

(EX. Mclear<Mcloudy).

On the other hand, the Kruskal Wallis Test, which is a non-parametric alternative to the
one-way Anova, was used to determine whether there was or not a difference in the productivity
rates among all of the weather condition studied. The null hypothesis (H,) assumes that there is
no difference in the distribution of productivity rates Conversely, the alternative hypothesis (H; )

assumes that there is difference in the distribution of productivity.
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Additionally, a Post Hoc test is necessary when the null hypothesis is rejected and a
difference in the distribution is found. The Post-Hoc test was needed to discover where the three
weather conditions were different. Finally, a regression analysis was performed to obtain a more
robust conclusion, and to determine if there was a relationship between the different weather

conditions.

From the items analyzed, 10 out of 39 items yielded significant results. Summary of descriptive

statistics of all the items that showed significant results, are illustrated in Table 5.1.
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Table 5. 1: Summary Statistics of Weather Conditions.

Weather ) Descriptive Statistics
Condition Item Code Valid N
Mean | Median | SD | Min Max
432 92 101 51 213 2 1107
644 61 25 11 27 1 101
420 77 54 19 75 2 314
467 89 4 2 5 1 23
§ 672 56 117 60 17 8 687
O 316 80 104 42 217 7 1078
316 82 2056 1350 1733 20 6000
316 59 333 256 254 25 931
247 75 946 584 1320 31 7124
275 88 60 50 20 25 144
432 92 31 15 44 0 174
644 61 13 7 20 111
420 77 23 18 16 5 66
467 89 7 4 9 62
'§ 672 56 170 111 165 14 681
8 316 80 172 39 261 1121
316 82 5617 2310 7822 327
316 59 217 141 259 1204
247 75 1335 810 1532 37 5636
275 88 97 75 92 12 466
432 92 75 20 91 6 246
644 61
420 77 16 12 16 57
g 467 89 10 6 10 23
S 672 56
=) 316 80
= 316 82
316 59
247 75
275 88 60 50 38 15 165
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First, the plots for descriptive statistics were analyzed. Plots for item number 0420, which
is the operation of constructing concrete substructures is shown below for illustration purposes.

Figure 5.2 shows the plots of production rates for the different weather conditions analyzed:

MildSevere
|
—

Clougy
|
| ]
LI

Clear
|
e
—

Figure 5. 2: Production Rates Comparison for different Weathers for Item 0420.

As seen in the figure above, there is statistically significant evidence that the medians of
production rates are not equal among Clear, Cloudy and Mild/Severe days. With further Post
Hoc Tests, it was determined that the median of production rates on Mild/Severe days is
significantly less than that on Clear and Cloudy days. According to the regression analysis
results, the average production rate on Cloudy days is 16.2 units less than the average of
production rate on Clear days. In other words, Cloudy days led to 41.4% of production rate

reduction for this item. Table 5.2. shows results for all the previous mentioned items.
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Table 5. 2: Results on other Statistical tests for estimating the relationships among Weather

Condition.
Non-Parametric Comparison Tests ]
Work Post Hoc Regression
Item
Wilcoxon Signed Rank Kruskal Wallis
p- p-
H: p-values H: p-values H: values Hi values
HUclear >HcCloudy 0.0009*
1 432 N.A. md#0 0.02* md#0 0.02*
HUcloudy <HMmild 0.02*
644 Mclear >Cloudy 0.01* N.A. N.A. Beloudy#0 0.03*
420 N A md # O Ol NA Bcloudy;éo 003*
Mclear >Hcloudy 0.002*
4 467 N.A. md #0 0.004* Beloudy#0 0.1
Hcloudy <Hmild 0.003*
5 672 Hclear <uC|oudy 0.02* N.A. N.A. BClOUdy#O 0.01*
6 316 Hclear <Hcloudy 0.02* N.A. N.A. Beloudy70 0.07*
7 316 Hclear <HCloudy 0.004* N.A. N.A. Beloudy#0 0.03*
316 HCIear >ucloudy 002* NA NA Bcloudyio 0002*
247 Hclear <HCloudy 0.3 N.A. N.A. Beloudy#0 0.03*
10 275 NA md #0 0.08 N.A. Beloudy#0 0.02*

*P-value<0.05, **p-value<0.01, ***p-value<0.001

NL.A. indicates that the statistical analysis was not feasible.

Further analysis showed that the nature of work of items with significant results were of

concrete, drainage structures, finishing and asphalt works. Figure 5.3 shows that 6 out of the 10

items found to have significant results were concrete related activities.
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Figure 5. 3: Nature of Work for Significant Items of Weather Conditions.

These findings indicate that concrete works are more susceptible to be affected by

unusual weather conditions. Statistical analysis results can be found in Appendix 5.1.

5.4.2 Temperature
First, descriptive statistics were used to understand the features of temperatures on the
items studied. Once a general insight was drawn, the items were studied separately by performing

a Pearson correlation test and regression analysis.

The Pearson correlation test helped evaluate the strength of the relationship between the
productivity rates and temperatures of the different work items studied. Correlation values range
between -1.0 and 1.0, this value is used to quantify the association between these two variables.
The data exploration revealed significant linear correlation between productivity rates and
temperatures (see Table 5) for some items. Additionally, a regression analysis was needed to

determine the variation in productivity rates based on the variation in temperatures. Table 5 lists
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the results of correlation analysis, and regression analysis for temperature effect. Out of the 40
analyzed items, 7 yielded significant results. Table 5.3 summarizes the outcomes obtained with

descriptive statistics:

Table 5. 3: Summary Statistics for Temperature.

ltem Productivity rate Temperature

N
Code Mean  Median SD Min Max Mean Median SD Min Max
432 71 67.55 16.4 141.27 0.15 1107 78.45 78 13.72 46 101

420 59 34.25 22.48 45.02 2 313.57 | 86.41 88 13.54 57 106

662 62 | 1870.52 725 2429.4 50 10220 | 75.35 75 13.73 29 103
3268 17 567.71 388.43 539.99 20.69 1607.85| 80.71 86 1152 59 97

341 68 | 1130.48 1074.31 1204.27 30.53 9249.8 | 79.96 80 10.86 57 100
316 79 129.26 6 223.78 3 1120.5 | 73.89 71 10.48 54 94
316 84 ]13659.99 1900 5700.9 4 32656 73 71 10.76 48 100

Results for item 0432, which is furnishing and placing concrete, stone, cement-stabilized, or
special riprap, are shown in Figure 5.4 for illustration purposes. For item 432 there is statistically
significant evidence that the temperature has an influence on production rates. The image on the
left shows all the provided data and the figure on the right shows the “clean” data without any
outliers. The regression analysis showed that one degree of temperature increase (in Fahrenheit)
led to a decrease of 1.9 unit in production rate. Another 6 items from 40 analyzed yielded similar
results, Table 5.4. shows the correlation test and regression analysis results for all items with

significant findings:
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Scatter plot for Item 0432-2039 Cleaned Data with 65 cases
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Figure 5. 4: Scatterplots for Temperature vs Reported PR for Item 0432.

Table 5. 4: Correlation Test and Regression Analysis Results for Temperature.

ltem Correlation Test Regression
Code

Cor p-value H: | p-values
432 -0.35 0.004* B#0 0.004*
420 0.32 0.01* B#0 0.002*
662 0.48 <0.001* B#0 <0.001*
268 -0.63 0.006* B#0 0.04*
341 0.34 0.005* B#0 0.005*
316 0.46 <0.001* B#0 0.003*
316 0.46 <0.001* B#0 <0.001*

*p-value<0.05, **p-value<0.01, ***p-value<0.001

Further exploration showed that the nature of work of significant items were of concrete, finishing
and asphalt works. Figure 5.5. shows that 4 out of the 7 items found to have significant results

were asphalt related activities.
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Figure 5. 5: Nature of Work for Significant Items on Temperature.

These findings indicate that asphalt works are more susceptible to be affected by high

temperatures. Statistical analysis results can be found in Appendix 5.2.

5.4.3 Location

Statistical analyzes to study the effect of location on productivity rates consisted of: first,
descriptive statistical analysis was conducted on the productivity rates to get an initial evaluation
of the performance of workers on urban and rural areas. Second, the non-parametric one-sample
Wilcoxon signed rank test was performed. The test was used to determine whether the median of
differemce between productivity rates in urban areas and productivity rates in rural is greater or
less than 0. Lastly, multiple linear regression was used to explain the relationship between one
continuous dependent variable (Productivity rates) and two or more independent variables (urban

or rural areas) by fitting a linear equation to the observed data.
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Out of the 26 items analyzed 16 yielded significant results- see Tables 5.5.

Table 5. 5: Summary Statistics Results for Location.

Item . Rural Urban
Code ValidN N| Mean |Median| SD | Min | Max N| Mean | Median| SD | Min | Max
496 91 |60 80.56 3200 15372 400 984.00 |31 197.61 97.00 27436  20.00  1,259.00
677 81 |55 3,74293 1,214.00 6,656.75 50.00 42,432.00126 7,997.23 4,493.00 14,32959 4.00  69,490.00
668 77 |53 591 4.00 6.60 100 3900 |24 821 5.00 6.58 1.00 20.00
160 72 |42 11,948.71 3,321.00 16,862.98 8.01 66,870.75|/30 88,774.84 22,390.98 199,995.90 138.89 1,061,656.00
310 67 |20 1,053.60 650.00 92824 150.00 2,875.00 |47 3,716.20 1,800.00 11,139.68 0.00 7,766.16
420 80 |32 1346 7.80 11.77 046 4630 |48 39.23 22.48 49.35 4.98 313.57

467 91 |30 1107 6.00 11.62 100 6200 |61 4.72 4.00 4.02 1.00 22.00
618 65 |33 24355 6450 35290 10.00 1,200.00(32 893.88 @ 687.50 94535  18.00  4,112.00
662 95 |43 2,835.77 1,633.75 2,930.79 130.00 11,080.00{52 1,010.71 58500 1,210.78 50.00  6,550.00

432 94 |44 1338 6.80 1974 042 9771 |50 78.49 56.27 92.44 0.68 534.81
3268 92 |39 41027 38843 38043 499 1554.86|53 1,152.19 1,203.68 78205  59.35  2,995.84

465 63 |45 127 0.75 158 0.25 800 |18 350 3.75 211 0.50 9.00
316 93 |57 25038 120.00 30533 14.00 1,12050|36 39.47 42.00 18.69 3.00 70.00
316 92 |58 5,658.86 3,940.00 7,224.87 4.00 32,656.00134 1,277.35 132500 49119 300.00 1,950.00
247 67 |50 2,674.84 1,322.60 6,810.71 38.86 47,909.00{17 836.75 @ 508.08 900.17 = 62.69  3,722.45

530 65 |38 2,487.93 2,071.00 1,987.13 17.33 7,889.65]27 58043 = 334.83 633.38  45.00  2,335.84

According to comparison test results, there is statistically significant evidence that the
median of production rates in rural areas is different from that in urban areas for 16 items. Plots
for item number 496 which is the operation of removing and dispose or salvage structures are
shown in Figure 5.6. The figure above shows that there is statistically significant evidence that the
median of production rates in rural areas is less than that in urban areas. Regression analysis results
showed that the average of production rates in Urban areas is 75.42 unit greater than the average
of production rates in Rural areas. In another word, Urban areas led to 115.6% of production rate

increase for this item.
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Figure 5. 6: Production Rates Comparison for Rural and Urban Areas for Item 0496.

Table 5. 6: Correlation Test and Regression Analysis.

Item Code Non-Parametric Comparison test Regression

H: p-values H: | p-values

496 Miural < Murban <0.001* Burban # 0 0.007*

677 Mrural > Murban 0.03* Burban # 0 0.040

668 Mrural < Murban 0.060 Burban % O 0.03*
160 Miural < Murban <0.001* Burban # 0 0.001*
310 Miural < Murban 0.002* Burban # 0 0.009%
420 Miural < Murban <0.001* Burban # 0 <0.001*
467 Mrural > Murban 0.002* Burban # 0 <0.001*
618 Mrural < Murban <0.001* Burban # 0 <0.001*
662 Mrural > Murban <0.001* Burban # 0 <0.001*
432 Mrural < Murban <0.001* Burban # 0 <0.001*
3,268 Miural < Murban <0.001* Burban # 0 <0.001*
465 Miural < Murban <0.001* Burban # 0 <0.001*
316 Mrural > Murban <0.001* Burban # 0 <0.001*
316 Mrural > Murban <0.001* Burban £ 0 <0.001*

247 Mrural > Murban 0.02* Burban 7 0 0.070
530 Miural > Murban <0.001* Burban # 0 <0.001*

*P-value<0.05, **p-value<0.01, ***p-value<0.001
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Further exploration showed that the nature of work of significant items were of concrete,
finishing, drainage structures and asphalt works. Figure 5.7 shows that 5 out of the 16 items
found to have significant results were asphalt related activities. Statistical analysis results can be

found in Appendix 5.3.
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Figure 5. 7: Nature of Work for Significant Items on Location.

5.4.4 Workers Shift

The same statistical analyses utilized for location were used to study the workers shift. These
analyses could only be performed on 3 items with a large enough sample size. All 3 items yielded
significant results. The analysis discovered that there is statistically significant evidence that the
median of production rates during nighttime is less than daytime for all 3 items. Results are

compiled in Table 5.7.
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Table 5. 7: Summary Statistics Results for Workers Shift.

. Night Day
Item Coce ValidN N| Mean |Median| SD | Min | Max N| Mean |Median| SD |Min| Max
662 62 |29 894.00 540.00 1,228.42 180.00 7,096.00]33 228.67 1,580.00 2,882.12 50.00 10,220.00
316 83 |35 4,049.00 42.00 17093 3.00 70.00 |48 228.60 110.25 296.88 14.00 1,120.50
316 85 |37 1,200.00 1,250.00 539.52 250.00 1,950.00]48 5,561.23 4,050.00 6,979.73 4.00 32,656.00

Results for item 0662 (Furnish, place, and maintain work zone pavement markings) are shown in

Figure 5.8:
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Figure 5. 8: Production Rates Comparison of Day and Night for Item 0662.

The figure above shows this difference in the productivity rates. Regression analysis results
also showed that for item 662, the average of production rates in Day is 1364.2 unit (95% CI.
416.57, 2311.77) more than the average of production rates at Night. In other words, day led to
152.6% of production rate increase (95% CI. 46.6%, 258.6%) for this item. Similarly, the two

other items analyzed yielded significant results.
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Table 5. 8: Correlation Test and Regression Analysis Results for Workers Shift

Non-Parametric

Comparison test Regression

ltem
Code

H: | p-values Hi1 | p-values
662 mnight < mday 001* [_))day;'é 0 0005*

316 Mhight < Mday <0.001* Bday;’é 0 <0.001*

316 Mhight < Mday <0.001* Bday;’é 0 <0.001*

*P-value<0.05, **p-value<0.01, ***p-value<0.001

NA indicate no statistical analysis was feasible.

Further exploration revealed that the nature of work of significant items were of
finishing, and asphalt works. Figure 5.9 shows that 2 out of the 3 items found to have significant

results were asphalt related activities. Statistical analysis results can be found in Appendix 5.4.
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Figure 5. 9: Nature of Work for Significant Items on Workers Shift.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

6.1 Introduction

This study was conducted to have a greater understanding of how the productivity rates
of highway construction projects are affected by certain factors. Through a comprehensive
literature review and an extensive statistical analysis, the research identified the significant
production rates drivers and determined how each of the drivers affected the production so that

schedulers can make good use of this information.

6.2 Summary and Conclusions

This study has investigated the impact of the common cause variation represented by the
contract time determination systems used by TXxDOT on estimating the project time. The results
obtained from the statistical analyses conducted indicate that the CTDS and HyPRIS systems are
outdated. Both systems have not been updated since their creation. This finding is clearly
illustrated by the fact that most production rates are underestimated which implies that the CTDS
and HyPRIS are based on old technological methods. The results also showed that the negative

impact of inaccurate production rates on estimating a reasonable contract time is higher than the
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impact of the inaccuracy in estimating work quantities. Both CTDS and HyPRIS systems
utilize deterministic production rates. As such, the impact of special cause variabilities on the
production rates are not accurately considered. The study also revealed the need for consistent
and accurate documentations of the project progress and the work executed on daily bases to be
able to properly assess the performance of the contract time determination systems used to

estimate the project time.

The application of the weather models found in the literature review, also revealed that
the projects planned durations are overestimated in general. There is a need for further
investigation to determine the root cause of the inflation in estimating the project duration.
Although there is a concern about the reliability of the two models studied to assess the impacts
of weather accurately, there is a potential to improve the accuracy of the output durations by
using new thresholds specific to the region of the project. Projects delays can be mitigated by
understanding the weather patterns and impacts in the region and reflecting them in the activity’s
duration using reliable models. Proper planning is the key; project critical weather-dependent
activities should be scheduled during clear days based on historical data. Weather models can be
of great assistance to DOTSs in order to minimize delays, disputes and cost, and to maximize the

value.

The methodology described in this paper has the potential to enable schedulers to better
evaluate the effect of the factors studied on the duration of construction projects. It was found
that weather, temperature, location, and workers shift all have a significant impact on production

rates for some work activivties.
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It was also noticed that for many activities, the number of cases on mild or severe
weather conditions were much smaller than for clear and cloudy; Further, all the production rates
on mild or severe weather were identified as outliers during the regression analysis. This
indicates that weather has impact on production rates but more data is needed to fully evaluate

the mild and severe weather’s effect.

Not only for the weather analysis, was the lack of data an issue; from the 1703 items
extracted less than 3% had a sample size big enough for analysis and more data will be needed to
draw more specific conclusions that. In addition, it was determined that the nature of work
played a big role in the analysis. It was discovered that of the items that showed significant
results, were either concrete or asphalt works. This indicates that these two types of work are

more susceptible to be affected by the conditions studied.

6.3 Recommendations and Future Work

Further research is required to evaluate and refine the methodology described in this
paper; it is argued that it represents an important step in better predicting the likely duration of a
construction projects given historical weather conditions. The next step will be the determination
of more realistic production rates, now that it has been proven that the database of production
rates available for TxDOT schedulers is not reliable.

The scope of this study is limited and the issue of how to improve production rates
and/or productivity was not studied. However, the results obtained from these study call into

question the accuracy of the data provided by the DOT. This accuracy of the data depends on the
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inspector who filled such reports. It was mentioned that the inspectors are supposed to fill the
reports especially the daily work report on a daily basis, but in some cases it was found that the
inspectors did not fill properly the reports, since some lines in the report where created to adjust
quantities that needed to be paid.

Now that it has been proven that the factors studied have a significant effect on the
productivity rates, the next step will be to quantify the impact they have on the schedule. Such
quantification has the potential to help the DOT and contractors to make a better estimate of
project time, minimize disputes resulting from delays, and deliver cost savings as a result of less
uncertainty with respect to duration of the project as a result of weather conditions, temperature,
location, and work shift. The main goal being the creation of a more accurate Model that applies

to the South Texas Region.
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APPENDIX 3.1.

SURVEY FOR SELECTING DISTRICTS FOR STUDY

Survey on TxDOT Contract Time
Determination System (CTDS) and the
Highway Production Rate Information
System (HyPRIS)

Dear District Engineers:

TxDOT has used the Contract Time Determination System (CTDS) and the Highway Production Rate
Information System (HyPRIS) to determine the project contract time. The CTDS and HyPRIS include
preduction rates and adjustment factors that can be used to determine the durations of selected work
activities. However, there is a concern about the reliability and the accuracy of these tools in determining
the contract time.

A research team at the University of Texas Rio Grande Valley (UTRGV} is currently investigating the
effectiveness of Texas CTDS and the HyPRIS in determining the project contract time (Project 0-6924).
This survey aims at assessing the utilization of these tools by different TxDOT District Offices to
determine the contract times for different types of projects. Your cooperation is highly appreciated

On behalf of the University of Texas Rio Grande Valley Research Team:

Mohamed Abdel-Raheem, PhD, PMPB LEED GA, CM-BIM, CM-Lean
Assistant Professor

Civil Engineering Department

Ph.: (956) 665-2050

Email: Mohamed. Abdelraheem@UTRGV.edu
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1. Do you currently use the Texas CTDS to determine the
productivity rates for different work items? *

() Yes
() No

2. Have you ever used the CTDS? *

() Yes
() No

2.1. If yes: when was the last time you used the CTDS to determine
the contract time of a project? Please indicate the year only.

2.2. If yes: On a scale from 0 (least) to 5 (highest), please rate the
effectiveness and accuracy of the CTDS in determining the activity
duration.

1 2 3 4 5

_ Extremel
Ineffective O O O O O Effectivey
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2.3. If not: please type N/A

3. Do you currently use the HyPRIS to determine the productivity
rates for different work items? *

() Yes
() No

4. Have you ever used the HyPRIS? *
(O VYes
() No

4.1. If yes: when was the last time you used HyPRIS to determine
the contract time of a project? Please indicate the year only.

4.2. If yes: On a scale from 0 (least) to 5(highest), please rate the
effectiveness and accuracy of HyPRIS in determining the activity
duration.

1 2 3 4 5

Ineffective O O O O O Extremely

Effective
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4.3. If not: please type N/A

5. Do you use other tools to determine the productivity rates for
different work items? *

() Yes
() No

5.1. If yes: please describe what tools do you use

5.2 If not: please type N/A
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RESULTS OF THE SURVEY FOR SELECTING DISTRICTS TO BE TRACKED.

APPENDIX 3.2.

Questions
Timestamp District Office 1 2 2.1. 2.2 | 2.3.
2016/10/13 10:19:17 | BWD Yes | Yes | 2016 3
AM CDT
2016/10/13 10:34:17 | Atlanta No No N/A
AM CDT
2016/10/13 2:41:04 Abilene No No
PM CDT
2016/10/13 3:53:00 | San Antonio No | No n/a
PM CDT
2016/10/13 5:07:16 Brownwood No | No N/A
PM CDT
2016/10/13 8:41:55 Odessa No | No N/A
PM CDT
2016/10/14 7:34:36 Amarillo No No N/A
AM CDT
2016/10/14 7:37:43 Amarillo No No N/A
AM CDT
2016/10/14 10:41:17 | ODA No No N/A N/A
AM CDT
2016/10/14 3:25:04 | San Antonio Yes | Yes | 2016 2
PM CDT
2016/10/16 3:43:45 Paris District No | No N/A
PM CDT
2016/10/17 10:10:13 | Lufkin No No N/A
AM CDT
2016/10/17 10:55:06 | Lufkin No No
AM CDT
2016/10/18 9:33:52 FTW No | No n/a
AM CDT
2016/11/17 10:57:04 | Austin Yes | Yes | 2016 4
AM CST
2016/11/17 11:11:35 | Yoakum No No N/A
AM CST

122




2016/11/17 11:12:37 | El Paso District | No | No
AM CST
2016/11/17 11:16:29 | Wichita Falls No No N/A
AM CST
2016/11/17 11:31:57 | Pharr No No N/A
AM CST
2016/11/17 11:55:45 | TP&D Yes | Yes | 2016 3
AM CST
2016/11/17 11:57:31 | Beaumont No No N/A
AM CST

Questions
Timestamp District Office 1 2 2.1. 2.2 | 2.3.
2016/11/17 12:00:29 | Yoakum No No 1 N/A
PM CST
2016/11/17 12:34:08 | Yoakum No | No N/A
PM CST
2016/11/17 12:55:10 | Brownwood Yes | Yes | 2016 3
PM CST
2016/11/17 1:04:48 Beaumont No No N/A
PM CST
2016/11/17 1:05:27 Fort Worth No No N/A
PM CST
2016/11/17 1:14:20 ODA No No NA NA
PM CST
2016/11/17 1:14:52 BMT-TP&D No No N/A
PM CST
2016/11/17 1:18:34 Beaumont No No N/A
PM CST
2016/11/17 3:39:20 Lufkin Yes | Yes | 2014 3
PM CST
2016/11/17 9:32:33 Lufkin No No N/A
PM CST
2016/11/18 7:28:14 Beaumont No | No N/A
AM CST
2016/11/18 7:37:12 Austin - District | No | No
AM CST Design
2016/11/18 7:56:26 Beaumont No No N/A
AM CST
2016/11/18 12:59:33 | Lufkin No No na
PM CST
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2016/11/18 3:27:24 Waco No No N/A
PM CST
2016/11/217:37:26 | Beaumont Yes | Yes | 2015 2
AM CST TP&D
2016/11/21 7:40:13 TYLER No No N/A
AM CST
2016/11/21 8:19:25 Lufkin No No N/A
AM CST
2016/11/21 10:08:29 | Beaumont No |Yes | Unknow |3 | -
AM CST n
2016/11/22 10:15:26 | Bryan No No N/A
AM CST
2016/11/22 3:33:35 Bryan No No
PM CST
2016/11/28 7:58:21 Bryan No | No What is CTDS? Where can it
AM CST be found?

Questions
Timestamp District Office 1 2 2.1. 2.2 | 2.3.
2016/11/28 7:58:49 Beaumont No | No | N/A N/A
AM CST
2016/12/01 10:25:44 | Tyler No | No n/a
AM CST
2016/12/03 12:26:46 | Corpus Christi No | No N/A
PM CST
2016/11/17 11:58:17 | Austin No No N/A
AM CST

Questions About HYPRIS:
Questions

Timestamp District Office | 4 4.1 4.2 4.3 5
2016/10/13 BWD Yes 2016 3 No
10:19:17 AM
CDT
2016/10/13 Atlanta No N/A | Yes
10:34:17 AM
CcDT
2016/10/13 Abilene No No
2:41:04 PM
CDT
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2016/10/13
3:53:00 PM
CDT

San Antonio

No

n/a

Yes

2016/10/13
5:07:16 PM
CDT

Brownwood

No

N/A

Yes

2016/10/13
8:41:55 PM
CDT

Odessa

No

N/A

No

2016/10/14
7:34:36 AM
CDT

Amarillo

Yes

2016

Yes

2016/10/14
7:37:43 AM
CDT

Amarillo

No

N/A

No

2016/10/14
10:41:17 AM
CDT

ODA

No

N/A

N/A

Yes

2016/10/14
3:25:04 PM
CDT

San Antonio

Yes

2016

Yes

2016/10/16
3:43:45 PM
CDT

Paris District

No

N/A

Yes

2016/10/17
10:10:13 AM
CDT

Lufkin

Yes

2014

Yes

2016/10/17
10:55:06 AM
CDT

Lufkin

No

Yes

2016/10/18
9:33:52 AM
CDT

FTW

No

n/a

No

2016/11/17
10:57:04 AM
CST

Austin

Yes

2002

No

Questions

Timestamp

District Office

4.1

4.2

4.3

2016/11/17
11:11:35 AM
CST

Yoakum

No

N/A

Yes
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2016/11/17
11:12:37 AM
CST

El Paso
Distract

No

Yes

2016/11/17
11:16:29 AM
CST

Wichita Falls

No

N/A

No

2016/11/17
11:31:57 AM
CST

Pharr

No

N/A

Yes

2016/11/17
11:55:45 AM
CST

TP&D

No

NA

Yes

2016/11/17
11:57:31 AM
CST

Beaumont

Yes

2015

Yes

2016/11/17
12:00:29 PM
CST

Yoakum

No

N/A

No

2016/11/17
12:34:08 PM
CST

Yoakum

No

N/A

No

2016/11/17
12:55:10 PM
CST

Brownwood

Yes

2016

No

2016/11/17
1:04:48 PM
CST

Beaumont

No

N/A

No

2016/11/17
1:05:27 PM
CST

Fort Worth

No

N/A

No

2016/11/17
1:14:20 PM
CST

ODA

No

NA

NA

No

2016/11/17
1:14:52 PM
CST

BMT-TP&D

No

N/A

Yes

2016/11/17
1:18:34 PM
CST

Beaumont

No

N/A

Yes

2016/11/17
3:39:20 PM
CST

Lufkin

No

N/A

No
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2016/11/17
9:32:33 PM
CST

Lufkin

No

N/A

Yes

2016/11/18
7:28:14 AM
CST

Beaumont

No

Yes

2016/11/18
7:37:12 AM
CST

Austin -
District Design

No

Yes

2016/11/18
7:56:26 AM
CST

Beaumont

No

N/A

No

2016/11/18
12:59:33 PM
CST

Lufkin

Yes

2010

N/A

No

2016/11/18
3:27:24 PM
CST

Waco

Yes

prior to
2010

Yes

Questions

Timestamp

District Office

4.1

4.2

4.3

2016/11/21
7:40:13 AM
CST

TYLER

No

N/A

No

2016/11/21
8:19:25 AM
CST

Lufkin

Yes

1999

Yes

2016/11/21
10:08:29 AM
CST

Beaumont

Yes

Unknown

Yes

2016/11/22
10:15:26 AM
CST

Bryan

No

Yes

2016/11/22
3:33:35PM
CST

Bryan

No

Yes

2016/11/28
7:58:21 AM
CST

Bryan

Yes

Looked at
it but
never
really

Yes
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used it. It

does not

have

enough

data to

determine

contract

time.
2016/11/28 Beaumont No N/A N/A | No
7:58:49 AM
CST
2016/12/01 Tyler Yes 2015 Yes
10:25:44 AM
CST
2016/12/03 Corpus Christi | No N/A | Yes
12:26:46 PM
CST
2016/11/17 Austin Yes 2015 No
11:58:17 AM
CST
2016/11/21 Beaumont No N/A | No
7:37:26 AM TP&D
CST
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Item Information

APPENDIX 3.3

DATA COLLECTION TEMPLATE

Juantities Curation Timeline

tam Code | Hem Date | Unit | Estimated Actuz Estimated | Actus Contracto
sscription Quantity Quantity Duration Duration | ror

TeDOT?
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APPENDIX 3.4
RESULTS OF STATISTICAL ANALYSIS OF ITEMS WITH SAMPLE SIZE GREATER

THAN 30 FOR THE DISTRICT A

Item 0420_CY

1) Qty: (N=36)

Compare Quantities

1500

Qo
g 2
H
g _ e —T——
8
i |
! )
a -
Actual Esimated
Repot Type
Quantities Differences (D=Est-Act)
c R
3 |

Difference
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Diff of Quantities {valid N=36) Diff of Quantities (valid N=31)

bt Z
d ®
m
]
Q q
2 g °
c 81 A c
éd o 1 a v
A
& 41
o - 1 o
it 4
g fenm A s % -
S — —
150 -100 & ) 04 02 00 02 04 08
D=Estact D=EsID-AQ

newAQ=ActQty[ActQty<918.2&EstQty<918.2]
newEQ=EstQty[ActQty<918.2&EstQty<918.2]

Paired t-test

data: newEQ and newAQ
t = -0.77654, df = 33, p-value = 0.2215
alternative hypothesis: true difference in means is less than @

t = -0.77654, df = 33, p-value = 0.443
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-14.02630 6.27689
sample estimates:
mean of the differences
-3.874706

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 16, p-value = 0.6637
alternative hypothesis: true location shift is less than ©

Consider the error rate of Q;

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 136 -0.03 0.35 (<] 0 0 -1.99 0.5 2.49 -4.58 23.37 0.06
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Error Rate of Quantity Error Rate of Quantities (valid N=31)

o - @
o - -
0
]
Q" > o
[} i s
P é v
o I
8 = zn
o~ -

newER=erQ[erQ>-0.010013918&erQ<0.02382979]
One Sample t-test

data: newER
t = 0.52825, df = 30, p-value = 0.3006
alternative hypothesis: true mean is greater than o

t = 0.52825, df = 30, p-value = 0.6012
alternative hypothesis: true mean is not equal to @
95 percent confidence interval:
-0.001277363 0.002168710
sample estimates:
mean of x
0.0004456735

Wilcoxon signed rank test with continuity correction

data: erQ
V = 16, p-value = 0.6637
alternative hypothesis: true location is less than ©

V = 16, p-value = 0.7998
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-1.0946906 0.4441107
sample estimates:
(pseudo)median
0.02193165
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2) PRs: (N=36, valid n=13)

Compare PRs
g4 )
ig]
€
]
I s
[ ] °
o . Tii
Actual Estimaed
Raport Type
Production Rates Diff (D=ActPR-EstPR)
=]
§ 1 [ ‘ |
§ 8-
S s
g -
% [
Diff of PRs {valid N=13) Diff of PRs (valid N=12)
8 - g
Q -3
1 2
> E s
g -
& o 8 ©
s 8
o s
8 | / 8
L= r 1} ) 1 =3
A% 00 5 0
DSEstPR-ACIPR DeESIPR-ACPR

newEPR=EstPR[ActPR<154&EstPR<11.63333]
newAPR=ActPR[ActPR<154&EstPR<11.63333]

Paired t-test

data: newEPR and newAPR

t = -4.6275, df = 9, p-value = 0.0006206
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alternative hypothesis: true difference in means is less than @

t = -4.6275, df = 9, p-value = 0.001241
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-31.69319 -10.88073
sample estimates:
mean of the differences
-21.28696

Wilcoxon signed rank test
data: EstPR and ActPR

V = 0, p-value = 0.0001221
alternative hypothesis: true location shift is less than @

Consider the error rate of PR:
> describeBy(erPR)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 113 -5.77 5.97 -3.63 -4.78 3.89 -22 -0.43 21.57 -1.44 1.4 1.66

Error Rate of PR Error Rate of PRs (valid N=12)

v PR
|
|
|
sity

Den
010

0.00
L

0 & 46 4 2 0

newER=erPR[erPR>-22]
One Sample t-test

data: newER
t = -4.261, df = 11, p-value = 0.0006704
alternative hypothesis: true mean is less than @

t = -4.261, df = 11, p-value = 0.001341
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-6.702742 -2.136742
sample estimates:
mean of x
-4.419742

Wilcoxon signed rank test
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data: erPR
V = 0, p-value = 0.0001221
alternative hypothesis: true location is less than ©

V = 0, p-value = 0.0002441
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-9.000 -2.075
sample estimates:
(pseudo)median
-5

3) Durations: (N=36, valid n=13)

Compare Durations
o y
5 B°
H
g &1
] ——
o - - - ]
Actusl Estmaned
Repart Type
Duration Differences (D=Est-Act)
|
3 o
g ® 7
:
R f

10
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Diff of Durations (valid N=13) Dift of Durations (valid N=13)

006

Durmity
Densiy
002 o

062

0.00
L

0.00

D=ACID-EalD

newAD=DurDays
newED=EstDur

Paired t-test

data: newED and newAD
t = 5.2399, df = 12, p-value = 0.0001039
alternative hypothesis: true difference in means is greater than ©

t = 5.2399, df = 12, p-value = 0.0002078
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
9.931224 24.068776
sample estimates:
mean of the differences
17

Wilcoxon signed rank test with continuity correction
data: EstDur and DurDays

V = 91, p-value = 0.0008254
alternative hypothesis: true location shift is greater than ©

Consider the error rate of erD:
> describeBy(erD)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 113 0.74 0.19 0.78 0.75 0.17 0.3 0.96 0.66 -0.77 -0.53 0.05
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Error Rate of Durations Error Rate of Durations (valid N=31)

09

0.7
SSRNARNRINNRNSRNNR

oD

Density

03 04 05 C6 O7 0B 09 10

e

newED=erD
One Sample t-test

data: newED
t = 13.69, df = 12, p-value = 5.498e-09
alternative hypothesis: true mean is greater than 0

t = 13.69, df = 12, p-value = 1.1e-08
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
0.6184005 0.8524925
sample estimates:
mean of x
0.7354465

Wilcoxon signed rank test with continuity correction

data: erD
V = 91, p-value = 0.0008281
alternative hypothesis: true location is greater than ©

V = 91, p-value = 0.001656
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
0.6000310 0.8700966
sample estimates:
(pseudo)median
0.7500485

Item 0432_CY

1) Qty: (N=48)
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Compare Quantities

Report Type

Quantities Differences (D=Est-Act)

Diff of Quantities (valid N=43)

Diff of Quantities (valid N=48)

-0 80

Ayrsuoq

500 <300

T

8000 9000 *00'0 000 0000

Lrwung

-150

100 0100

D=Es10-AQ

D=EstAct

ActQty[ActQty<1070.29&EstQty<621.30]
EstQty[ActQty<1076.29&EstQty<621.30]

newAQ
newEQ

Paired t-test

newEQ and newAQ

data:
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t = -1.4466, df = 43, p-value = 0.07763
alternative hypothesis: true difference in means is less than ©

t = -1.4466, df = 43, p-value = 0.1553
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-27.363268 4.504177
sample estimates:
mean of the differences
-11.42955

Wilcoxon signed rank test with continuity correction

data: EstQty and ActQty
V = 400, p-value = 0.9591
alternative hypothesis: true location shift is greater than ©

Consider the error rate of Q:

> describeBy(erQ)

34.53

vars n mean sd median trimmed mad min max range skew kurtosis
X1 148 -1.48 6.78 -0.02 -0.22 0.35 -45.64 0.77 46.41 -5.81
se
X1 0.98
Error Rate of Quantity Error Rate of Quantities (valid N=43)
— — @
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25 15 05 5 10

newER=erQ[erQ>-2.141364]
One Sample t-test

data: newER
t = -1.0937, df = 42, p-value = 0.1402
alternative hypothesis: true mean is less than @

t = -1.0937, df = 42, p-value = 0.2803
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-0.2614665 0.0776721
sample estimates:
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mean of x
-0.09189718

Wilcoxon signed rank test with continuity correction

data: erQ
V = 412, p-value = 0.05444
alternative hypothesis: true location is less than ©

V = 412, p-value = 0.1089
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.42815972 0.02959926
sample estimates:
(pseudo)median
-0.124868

2) PRs: (N=48, valid n=12)

Compare PRs

Production Rates

20

1
Actus Esimated

Roport Type

Production Rates Diff (D=ActPR-EstPR)

40
i

20

Diferencs

20

40
|
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Diff of PRs (valid N=12) Diff of PRs (valid N=11)

2
Q- (<}
o o
H § <
. 8
& 4 o
o | (-]
8 S
4 -0 0 20 40 & S 4 0 -2 0 0
D=EstPR-ACIPR DrESIPR-ACPR

newEPR=EstPR[EstPR<103]
newAPR=ActPR[EstPR<103]

Paired t-test

data: newEPR and newAPR
t = -4.5211, df = 10, p-value = 0.0005532
alternative hypothesis: true difference in means is less than ©

t = -4.5211, df = 10, p-value = 0.001106
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-33.49129 -11.37821
sample estimates:
mean of the differences
-22.43475

Wilcoxon signed rank test
data: EstPR and ActPR

V = 12, p-value = 0.01709
alternative hypothesis: true location shift is less than ©

Consider the error rate of Q;

> describeBy(erPR)
vars n mean sd median trimmed mad min max range skew kurtosis se
X1 112 -2.45 2.27 -1.92 -2.29 1.41 -7.18 0.6 7.78 -0.73 -0.65 0.66
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Error Rate of PR Error Rate of PRs (valid N=12)

o

0.20

w PR

Density

010

0.00

newER=erQ
One Sample t-test

data: newER
t = -3.7374, df = 11, p-value = 0.00164
alternative hypothesis: true mean is less than @

t = -3.7374, df = 11, p-value = 0.003281
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

-3.896944 -1.008241
sample estimates:
mean of x
-2.452592

Wilcoxon signed rank test

data: erPR
V = 2, p-value = 0.0007324
alternative hypothesis: true location is less than ©

V = 2, p-value = 0.001465
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-4.0912500 -0.9862169
sample estimates:
(pseudo)median
-2.129555

3) Durations: (N=48, valid n=12)
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Compare Durations

.......

Roport Type

Duration Differences (D=Est-Act)

nouRseIC

Diff of Durations (valid N=12)

Ditf of Durations (valid N=12)

DEMD-ACD

D=AD-EsID

DurDays
EstDur

newAD
newED

Paired t-test

newED and newAD
5.983, df = 11, p-value = 4.573e-05
alternative hypothesis: true difference in means is greater than ©

data:
t =
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t = 5.983, df = 11, p-value = 9.147e-05
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
5.057028 10.942972
sample estimates:
mean of the differences
8

Wilcoxon signed rank test with continuity correction
data: EstDur and DurDays

V = 77, p-value = 0.001596
alternative hypothesis: true location shift is greater than ©

Consider the error rate of Q;

> describeBy(erD)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 112 0.54 0.52 0.7 0.66 0.22 -10.93 1.93 -2.09 3.57 0.15

Error Rate of Durations Error Rate of Durations (valid N=43)
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newER=erQ[erQ>-1]
One Sample t-test

data: newED
t = 11.824, df = 10, p-value = 1.678e-07
alternative hypothesis: true mean is greater than @

t = 11.824, df = 10, p-value = 3.356e-07
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

0.5559122 0.8140733

sample estimates:
mean of X
0.6849928

Wilcoxon signed rank test with continuity correction
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data: erD
V = 66, p-value = 0.01874
alternative hypothesis: true location is greater than ©

V = 66, p-value = 0.03749
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
0.4000198 0.7999351
sample estimates:
(pseudo)median
0.6499845

Item 0466_EA

1) Qty: (N=48)

Compare Quantities
24 [ )
pcsl
~3 o 3
F e S
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-
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Actus Estmaned
Ruport Type
Quantities Differonces {D=Est-Act)
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Diff of Quantities (valld N=48) Diff of Quantities (valid N=46)

Density
06 08 10

Density
F

0z

00

00 02 04 06 08 10 A0 08 D6 D4 D2 00

D=Est-Act D=EstQ-AcQ

newAQ=ActQty[ActQty<7&EstQty<7]
newEQ=EstQty[ActQty<7&EstQty<7]

Paired t-test

data: newEQ and newAQ
t =1, df = 42, p-value = 0.1615
alternative hypothesis: true difference in means is greater than @

t =1, df = 42, p-value = 0.323
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-0.02367632 0.07018795
sample estimates:
mean of the differences
0.02325581

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 3, p-value = 0.1729
alternative hypothesis: true location shift is greater than ©

Consider the error rate of Q;

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 1 48 0.01 0.04 4 0 © ©00.2 0.24.65 20.6 0.01
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Error Rate of Quantity Error Rate of Quantities (valid N=45)
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00

newER=erQ[erQ<0.1428571]
One Sample t-test

data: newER
t = NaN, df = 45, p-value = NA
alternative hypothesis: true mean is less than @

t = NaN, df = 45, p-value = NA
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
NaN NaN
sample estimates:
mean of x
0

Wilcoxon signed rank test with continuity correction
data: erQ

V = 3, p-value = 0.9632
alternative hypothesis: true location is less than ©

2) PRs: (N=48, valid n=9)
3) Durations: (N=48, valid n=9)

Quantity Duration Production Rate

Actual Estimated | erQ Actual Estimated | erD Actual Estimated erPR
3 3 0.00 4 15 0.73 |0.20 0.75 -2.75
1 1 0.00 2 15 0.87 | 0.07 0.5 -6.50
6 7 0.14 3 144 0.98 0.05 2 -40.14
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1 1 0.00 1 144 0.99 | 0.01 1 -143.00
10 10 0.00 3 144 0.98 | 0.07 3.333333333 | -47.00
2 2 0.00 1 144 0.99 | 0.01 2 -143.00
4 4 0.00 1 144 0.99 | 0.03 4 -143.00
5 5 0.00 3 144 0.98 | 0.03 1.666666667 | -47.00
1 1 0.00 1 144 0.99 | 0.01 1 -143.00

Item 0467_EA

1) Qty: (N=110 valid N=109)

Quaniily

60

40

Compare Quantities

Actus

Ruport Type

Esimaned
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Quantities Differonces {D=Est-Act)

- [+
o | [~
- C
E 9 o
<
i o+ g
3 ]
o
' c
e
®
Diff of Quantities (valid N=109) Diff of Quantities (valld N=81)
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45 40 5 0 5 10 15 A0 08 06 04 02 00
D=EstAct D=Est0-AQ

newAQ=ActQty[ActQty<24&EstQty<24]
newEQ=EstQty[ActQty<24&EstQty<24]

Paired t-test

data: newEQ and newAQ
t = 0.5066, df = 98, p-value = 0.3068
alternative hypothesis: true difference in means is greater than ©

t = 0.5066, df = 98, p-value = 0.6136
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-0.1841685 ©0.3104311
sample estimates:
mean of the differences
0.06313131

Wilcoxon signed rank test with continuity correction

data: EstQty and ActQty
V = 232.5, p-value = 0.2528
alternative hypothesis: true location shift is greater than ©

Consider the error rate of Q;

149



> describeBy(erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se

X1 1 109 -0.04 0.29 7] 0 0 -20.57 2.57 -3.72
Error Rate of Quantity Error Rate of Quantities (valid N=81)
- 8
o | — = °
= o
:
o ~E o g =
- 8 8 3

5
02

2
Do

40 908 08 D4 02 00

newER=erQ[erQ>-0.12&erQ<0.03125000]
One Sample t-test

data: newER
t = NaN, df = 80, p-value = NA
alternative hypothesis: true mean is less than @

t = NaN, df = 80, p-value = NA
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
NaN NaN
sample estimates:
mean of X
0

Wilcoxon signed rank test with continuity correction

data: erQ
V = 179.5, p-value = 0.3002
alternative hypothesis: true location is less than ©

V = 179.5, p-value = 0.6003
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.3333699 0.1156267
sample estimates:
(pseudo)median
-0.04401563

2) PRs: (N=110, valid n=17)
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Compare PRs

Report Type

Production Rates Diff (D=ActPR-EstPR)

uRaEa

Diff of PRs (valid N=13)

Diff of PRs (valid N=17)
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D=ESIPR-ACPR

DsEstPR-ACIPR

EstPR[ActPR<5.5&EstPR<0.5714286]
ActPR[ActPR<5.58EstPR<0.5714286]

newEPR
newAPR
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Paired t-test

data: newEPR and newAPR
t = -8.1071, df = 11, p-value = 2.877e-06
alternative hypothesis: true difference in means is less than @

t = -8.1071, df = 11, p-value = 5.755e-06
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-2.853156 -1.634745
sample estimates:
mean of the differences
-2.243951

Wilcoxon signed rank test
data: EstPR and ActPR

V = 0, p-value = 7.629e-06
alternative hypothesis: true location shift is less than @

Consider the error rate of PR:

> describeBy(erPR)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 117 -34.3 24.69 -41 -34.06 31.13 -71 -1.26 69.74 0.04 -1.65 5.99
Error Rate of PR Error Rate of PRs (valid N=17)
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0.030

w PR
3
Density
0020

0
0010

7

|

|

|
0000
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newER=erPR
One Sample t-test

data: newER
t = -5.7279, df = 16, p-value = 1.557e-05
alternative hypothesis: true mean is less than @

t = -5.7279, df = 16, p-value = 3.113e-05
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

-47.00125 -21.60846
sample estimates:
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mean of x
-34.30486

Wilcoxon signed rank test

data: erPR
V = 0, p-value = 7.629e-06
alternative hypothesis: true location is less than ©

V = 0, p-value = 1.526e-05
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-49.50000 -21.90909
sample estimates:
(pseudo)median
-33.88021

3) Durations: (N=110, valid n=17)

Compare Durations

Duration
100
1

Actusl Esimaned

Ruport Type

Duration Differences (D=Est-Act)

Differences
100

50
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Diff of Durations (valid N=17) Diff of Durations (valid N=17)
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E S 2 =
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& ¢ 8 o

0.000

0.000

L 100 150 0

DeAciD-EsID CeEuD-ACD

newAD=DurDays
newED=EstDur

Paired t-test

data: newED and newAD
t = 5.1026, df = 16, p-value = 5.323e-05
alternative hypothesis: true difference in means is greater than ©

t = 5.1026, df = 16, p-value = 0.0001065
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
50.20202 121.56269
sample estimates:
mean of the differences
85.88235

Wilcoxon signed rank test with continuity correction
data: EstDur and DurDays

V = 153, p-value = 0.0001596
alternative hypothesis: true location shift is greater than ©

Consider the error rate of erD:

> describeBy(erD)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 117 0.91 0.12 0.97 0.93 0.02 0.57 0.99 0.41 -1.7 1.97 0.03
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Error Rate of Durations Error Rate of Durations (valid N=81)

09

oD
0.8
Density

[ 4

085 0.50 085 100

newED=erD newED=erD[erD>0.7857143]
One Sample t-test

data: newED
t = 90.179, df = 13, p-value < 2.2e-16
alternative hypothesis: true mean is greater than ©

t = 90.179, df = 13, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
0.9351332 0.9810380
sample estimates:
mean of x
0.9580856

Wilcoxon signed rank test with continuity correction

data: erD
V = 153, p-value = 0.0001599
alternative hypothesis: true location is greater than ©

V = 153, p-value = 0.0003198
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
0.8588031 0.9777909
sample estimates:
(pseudo)median
0.9478654
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Item 0545_EA
1) Qty: (N=35)

Compare Quantities

Roport Type
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Quantities Differences {D=Est-Act)
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D=Est-Act D=EsiQ-AcQ

newAQ=ActQty[ActQty<9]
newEQ=EstQty[ActQty<9]

Paired t-test

data: newEQ and newAQ
t = -0.94189, df = 33, p-value = 0.1765
alternative hypothesis: true difference in means is less than @

t = -0.94189, df = 33, p-value = 0.3531
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-0.8364802 0.3070684
sample estimates:
mean of the differences
-0.2647059

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 20, p-value = 0.1311
alternative hypothesis: true location shift is less than ©
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Consider the error rate of Q:

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis se

X1 1 35 -0.22 0.63 0 -0.12 © -2.5 0.57 3.07 -2.06 4.14 0.11
Error Rate of Quantity Error Rate of Quantities (valid N=24)
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00
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newER=erQ[erQ>-0.125&erQ<0.2]
One Sample t-test

data: newER
t = NaN, df = 23, p-value = NA
alternative hypothesis: true mean is less than @

t = NaN, df = 23, p-value = NA
alternative hypothesis: true mean is not equal to @
95 percent confidence interval:
NaN NaN
sample estimates:
mean of x
0

Wilcoxon signed rank test with continuity correction

data: erQ
V = 11, p-value = 0.0273
alternative hypothesis: true location is less than ©

V = 11, p-value = 0.0546
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-1.49998537 0.03566383
sample estimates:
(pseudo)median
-0.7337307
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2) PRs: (N=35, valid n=0)
3) Durations: (N=35, valid n=0)

Item 0644_EA

1) Qty: (N=92)

Compare Quantities
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Diff of Quantities (valid N=92) Diff of Quantities (valid N=75)
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DeEstAd DESI0-AcQ

newAQ=ActQty[EstQty<41&ActQty<43]
newEQ=EstQty[EstQty<41&ActQty<43]

Paired t-test

data: newEQ and newAQ
t = -2.5448, df = 82, p-value = 0.006405
alternative hypothesis: true difference in means is less than @

t = -2.5448, df = 82, p-value = 0.01281
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-1.2665304 -0.1551563
sample estimates:
mean of the differences
-0.7108434

Wilcoxon signed rank test with continuity correction

data: EstQty and ActQty
V = 149, p-value = 0.001073
alternative hypothesis: true location shift is less than ©

Consider the error rate of Q:

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 192 -0.17 0.46 (<] -0.08 0 -2.4 0.67 3.07 -2.49 7.49 0.05
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Error Rate of Quantity Error Rate of Quantities (valid N=64)
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erQ

newER=erQ[erQ>-0.11111111&erQ<0.05882353]
One Sample t-test

data: newER
t = -1.0596, df = 63, p-value = 0.1467
alternative hypothesis: true mean is less than @

t = -1.0596, df = 63, p-value = 0.2934
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-0.006207751 0.001905796
sample estimates:
mean of x
-0.002150977

Wilcoxon signed rank test with continuity correction

data: erQ
V = 125.5, p-value = 0.0003312
alternative hypothesis: true location is less than ©

V = 125.5, p-value = 0.0006623
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.5554754 -0.1420101
sample estimates:
(pseudo)median
-0.3838841

2) PRs:(N=92, valid n=4)
3) Durations: (N=92, valid n=4)
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Quantity Duration Production Rate
Actual Estimated erQ Actual Estimated | erD Actual Estimated erPR
85 83 -0.02 1 112 0.99 85 0.74 -113.70
22 22 0.00 1 112 0.99 22 0.20 -111.00
4 4 0.00 1 112 0.99 4 0.04 -111.00
111 110 -0.01 1 112 0.99 111 0.98 -112.02
Item 0658_EA
1) Qty: (N=47)
Compare Quantities
) ]
-
é Q
&
Actus Esimaned
Roport Type
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Quantities Differonces {D=Est-Act)
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D=Estict D=EsI0-AcQ

newAQ=ActQty[EstQty<126&ActQty<121]
newEQ=EstQty[EstQty<126&ActQty<121]

Paired t-test

data: newEQ and newAQ
t = -1.0441, df = 42, p-value = 0.1512
alternative hypothesis: true difference in means is less than ©

t = -1.0441, df = 42, p-value = 0.3024
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-2.2507532 0.7158695
sample estimates:
mean of the differences
-0.7674419

Wilcoxon signed rank test with continuity correction

data: EstQty and ActQty
V = 110.5, p-value = 0.1319
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alternative hypothesis: true location shift is less than @

Consider the error rate of Q:

> describeBy(erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se

X1 147 -0.1 0.38 0 -0.02 0.02 -1.44 0.33 1.78 -2.37

Error Rate of Quantity Error Rate of Quantities (valid N=29)

o s

w
D
Density
40

newER=erQ[erQ>-0.075&erQ<0.07142857]
One Sample t-test

data: newER
t = -1.5503, df = 28, p-value = 0.06615
alternative hypothesis: true mean is less than @

t = -1.5503, df = 28, p-value = 0.1323
alternative hypothesis: true mean is not equal to @
95 percent confidence interval:
-0.012720110 0.001760635
sample estimates:
mean of x
-0.005479737

Wilcoxon signed rank test with continuity correction

data: erQ
V = 135, p-value = 0.3393
alternative hypothesis: true location is less than ©

V = 135, p-value = 0.6786
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.46435462 0.05856342
sample estimates:
(pseudo)median
-0.02560966
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2) PRs: (N=47, valid n=4)

3) Durations: (N=47, valid n=4)

Quantity Duration Production Rate

Actual Estimated | erQ Actual Estimated | erD Actual Estimated erPR
22 9 -1.44 |2 2 0.00 |11 4.50 -1.44
5 5 0.00 2 2 0.00 |25 2.50 0.00
12 12 0.00 1 1 0.00 |12 12.00 0.00
2 2 0.00 1 1 0.00 |2 2.00 0.00

Item 0662_EA

1) Qty: (N=42)
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Quantities Differences {D=Est-Act)
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D=EskAct D=Est0-AcQ

newAQ=ActQty[EstQty<6342&ActQty<6757]
newEQ=EstQty[EstQty<6342&ActQty<6757]

Paired t-test

data: newEQ and newAQ
t = -0.70434, df = 37, p-value = 0.2428
alternative hypothesis: true difference in means is less than @

t = -0.70434, df = 37, p-value = 0.4856
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-466.5334 225.8491
sample estimates:
mean of the differences
-120.3421

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 211, p-value = 0.5602
alternative hypothesis: true location shift is greater than ©
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Consider the error rate of Q;

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis se
X1 142 -0.63 1.75 0 -0.26 0.39 -8.36 0.79 9.15 -2.91 8.93 0.27

Error Rate of Quantity Error Rate of Quantities (valid N=37)

- ~ o

v

00

newER=erQ[erQ>-1.8308]
One Sample t-test

data: newER
t = -1.2367, df = 36, p-value = 0.1121
alternative hypothesis: true mean is less than @

t = -1.2367, df = 36, p-value = 0.2242
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

-0.31644966 0.07670322
sample estimates:

mean of X
-0.1198732

Wilcoxon signed rank test with continuity correction

data: erQ
V = 128, p-value = 0.02714
alternative hypothesis: true location is less than ©

V = 128, p-value = 0.05429
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-1.08872202 0.01042979
sample estimates:
(pseudo)median
-0.5122785
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2) PRs:(N=42, valid n=1)

3) Durations: (N=42, valid n=1)

Quantity Duration Production Rate
Actual Estimated erQ Actual Estimated | erD Actual Estimated erPR
852 1072 0.21 1 2 0.50 85.2 536 -0.59
Item 0666_EA
1) Qty: (N=55)
Compare Quantities
8 "
& o
<
8- [ ]
Actus Esimaned
Roport Type
Quantities Differences {D=Est-Act)
a
i
E ™
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[ o
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Diff of Quantities {valid N=55) Diff of Quantities (valid N=44)
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D=EstAct D=ESI0-AcQ

newAQ=ActQty[EstQty<54&ActQty<54]
newEQ=EstQty[EstQty<54&ActQty<54]

Paired t-test

data: newEQ and newAQ
t = -1.2926, df = 51, p-value = 0.101
alternative hypothesis: true difference in means is less than @

t = -1.2926, df = 51, p-value = 0.202
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-2.1112935 0.4574473
sample estimates:
mean of the differences
-0.8269231

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty
V = 142, p-value = 0.8065

alternative hypothesis: true location shift is greater than ©
(2]

Consider the error rate of Q:

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 155 -0.18 0.75 (<] -0.03 © -40.5 4.5 -3.1 11.18 0.1
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Error Rate of Quantity Error Rate of Quantities (valid N=33)
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newER=erQ[erQ<0.2142857&erQ>-0.25]
One Sample t-test

data: newER
t = -1.9308, df = 32, p-value = 0.0312
alternative hypothesis: true mean is less than @

t = -1.9308, df = 32, p-value = 0.06241
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-0.0324615456 ©0.0008683023
sample estimates:
mean of X
-0.01579662

Wilcoxon signed rank test with continuity correction

data: erQ
V = 132, p-value = 0.1372
alternative hypothesis: true location is less than ©

V = 132, p-value = 0.2744
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.7499657 0.1228374
sample estimates:
(pseudo)median
-0.1641739
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=15)

=55, valid n

2) PRs:(N

Compare PRs

Ruport Type

Production Rates Diff (D=ActPR-EstPR)

G-

oi- g 0z

LR

Diff of PRs (valld N=15)

Diff of PRs (valid N=15)

AT -
AN

..
SRR

DESIPR-ALPR

D=EstPR-ACIPR

Paired t-test

EstPR and ActPR
-4.7298, df = 14, p-value = 0.0001613

alternative hypothesis: true difference in means is less than ©

data:
t =
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t = -4.7298, df = 14, p-value = 0.0003225
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-11.01632 -4.14241
sample estimates:
mean of the differences
-7.579365

Wilcoxon signed rank test with continuity correction
data: EstPR and ActPR

V = 0, p-value = 0.0003624
alternative hypothesis: true location shift is less than @

Consider the error rate of PR:

> describeBy(erPR)
vars n mean sd median trimmed mad min max range skew kurtosis se

X1 115 -3.54 2.32 -4 -3.51 2.97 -6.93 -0.5 6.43 -0.03 -1.73 0.6
Error Rate of PR Error Rate of PRs (valid N=15)
-
% ' B 7
~N " é
7 2 ﬁ
- , | : S .
s 8 /
] o
o ) =
7 4 5 4 3 2 1
wPR
newER=erPR

One Sample t-test

data: newER
t = -5.912, df = 14, p-value = 1.894e-05
alternative hypothesis: true mean is less than @

t = -5.912, df = 14, p-value = 3.788e-05
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

-4.820687 -2.254075
sample estimates:
mean of x
-3.537381
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Wilcoxon signed rank test with continuity correction

data: erPR
V = 0, p-value = 0.0003624
alternative hypothesis: true location is less than ©

V = 0, p-value = 0.0007247
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-5.249989 -2.000028
sample estimates:
(pseudo)median
-3.512917

3) Durations: (N=55, valid n=15)

Compare Durations
~ o
@
= oo~
g 8
-2 B :
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~N
Actual Estmaned
Report Type
Duration Differences (D=Est-Act)
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=
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Diff of Durations (valid N«15) Diff of Durations (valid N=15)

Decsty

o0 o0t 02

DeaciD-EaD O=EnD-AD

newAD=DurDays
newED=EstDur

Paired t-test

data: newED and newAD
t = 10.597, df = 14, p-value = 2.268e-08
alternative hypothesis: true difference in means is greater than ©

t = 10.597, df = 14, p-value = 4.535e-08
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
3.137222 4.729444
sample estimates:
mean of the differences
3.933333

Wilcoxon signed rank test with continuity correction
data: EstDur and DurDays

V = 120, p-value = 0.000343
alternative hypothesis: true location shift is greater than ©

Consider the error rate of erD:

> describeBy(erD)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 115 0.73 0.11 0.75 0.74 0.12 0.5 0.86 0.36 -0.56 -0.87 0.03
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Error Rate of Durations Error Rate of Durations (valid N=33)
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newED=erD

One Sample t-test

data: newED
t = 26.231, df = 14, p-value = 1.325e-13
alternative hypothesis: true mean is greater than ©

t = 26.231, df = 14, p-value = 2.65e-13
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
0.6723512 0.7920932
sample estimates:
mean of x
0.7322222

Wilcoxon signed rank test with continuity correction

data: erD
V = 120, p-value = 0.0003482
alternative hypothesis: true location is greater than ©

V = 120, p-value = 0.0006963
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
0.6666906 0.8000359
sample estimates:
(pseudo)median
0.7333766
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Item 0672_EA

1) Qty: (N=43)

Compare Quantities
o
[=]
> & p
H 8 g
3 8 —
8. ' 5
* [ ] | |
o - = -
1
Actusl Esamaned
Roport Type
Quantitios Differences {D=Est-Act)
c
g+ o
. 8
o —_—
§ °
B >
] )
Diff of Quantities (valid N=43) Diff of Quantities (valid N=33)
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§§\\\\\\w

Dwnaity

newAQ=ActQty[EstQty<1911&ActQty<2250]
newEQ=EstQty[EstQty<1911&ActQty<2250]

Paired t-test
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data: newEQ and newAQ
t = -0.4209, df = 37, p-value = 0.3381
alternative hypothesis: true difference in means is less than ©

t = -0.4209, df = 37, p-value = 0.6763
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-204.5591 134.1907
sample estimates:
mean of the differences
-35.18421

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty
V = 159.5, p-value = 0.1069
alternative hypothesis: true location shift is less than @

0

Consider the error rate of Q:

> describeBy(erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 143 -0.56 1.97 0 -0.12 0.28 -10.44 0.96 11.4 -3.67 13.87 0.3
Error Rate of Quantity Error Rate of Quantities (valid N=35)
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10 05 0.0

newER=erQ[erQ<0.58021718&erQ>-1.0035556]
One Sample t-test
data: newER

t = -1.6216, df = 34, p-value = 0.05706
alternative hypothesis: true mean is less than @

t = -1.6216, df = 34, p-value = 0.1141
alternative hypothesis: true mean is not equal to @
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95 percent confidence interval:
-0.1836166 0.0206361

sample estimates:
mean of X

-0.08149027

Wilcoxon signed rank test with continuity correction

data: erQ
V = 142, p-value = 0.05243
alternative hypothesis: true location is less than ©

V = 142, p-value = 0.1049
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.58191382 0.05479067
sample estimates:
(pseudo)median
-0.2035111

2) PRs: (N=43, valid n=10)

Compare PRs
| o
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Report Type
Production Rates Diff (D=ActPR-EstPR)
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Diff of PRs {valid N=10) Diff of PRs (valid N=9)
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D=EstPR-ACIPR DeESIPR-ALPR

newEPR=EstPR[ActPR<4508]
newAPR=ActPR[ActPR<4508]

Paired t-test

data: newEPR and newAPR
t = -4.5332, df = 8, p-value = 0.0009581
alternative hypothesis: true difference in means is less than ©

t = -4.5332, df = 8, p-value = 0.001916
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-552.8760 -180.0462
sample estimates:
mean of the differences
-366.4611

Wilcoxon signed rank test
data: EstPR and ActPR

V = 0, p-value = 0.0009766
alternative hypothesis: true location shift is less than ©

Consider the error rate of PR:
> describeBy(erPR)

vars n mean sd median trimmed mad min max range skew kurtosis = se
X1 110 -4.35 2.34 -4.21 -4.12 2.18 -9.02 -1.5 7.52 -0.68 -0.8 0.74

179



Error Rate of PR Error Rate of PRs (valid N=10)

a3 04

wrPR
02

Density

01

0.0

newER=erPR[erPR>-9.017778]
One Sample t-test

data: newER
t = -5.8848, df = 9, p-value = 0.0001167
alternative hypothesis: true mean is less than @

t = -5.8848, df = 9, p-value = 0.0002334
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

-6.021255 -2.677407
sample estimates:
mean of x
-4.349331

Wilcoxon signed rank test

data: erPR
V = 0, p-value = 0.0009766
alternative hypothesis: true location is less than ©

V = 0, p-value = 0.001953
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-6.030528 -2.738462
sample estimates:
(pseudo)median
-4.205479

3) Durations: (N=43, valid n=10)
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Compare Durations
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Diff of Durations (valld N=10) Dift of Durations (valid N=10)

&
H
a

newAD=DurDays[DurDays<2&EstDur>3]
newED=EstDur[DurDays<2&EstDur>3]
Paired t-test

data: newED and newAD
t = 31, df = 7, p-value = 4.693e-09
alternative hypothesis: true difference in means is greater than ©
95 percent confidence interval:
3.638178 Inf
sample estimates:

181



mean of the differences
3.875

t = 31, df = 7, p-value = 9.385e-09

alternative hypothesis: true difference in means is not equal to ©

95 percent confidence interval:
3.579422 4.170578
sample estimates:
mean of the differences
3.875

Wilcoxon signed rank test with continuity correction

data: EstDur and DurDays
V = 55, p-value = 0.002118

alternative hypothesis: true location shift is greater than ©

Consider the error rate of erD:

> describeBy(erD)

vars n mean sd median trimmed mad
X1 110 0.76 0.07 0.8 0.78 ©
Error Rate of Durations
g
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lg .
newED=erD[erD>0.6]
One Sample t-test
data: newED
t = 51.433, df = 8, p-value = 1.131e-11

min max range skew kurtosis se
0.6 0.8 0.2 -1.3 0.04 0.02
Error Rate of Durations (valid N=35)
2 =
8 7
7 7

alternative hypothesis: true mean is greater than 0

t = 51.433, df = 8, p-value =

2.262e-11

alternative hypothesis: true mean is not equal to ©

95 percent confidence interval:
0.7446751 0.8145842
sample estimates:
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mean of x
0.7796296

Wilcoxon signed rank test with continuity correction

data: erD
V = 55, p-value = 0.002132
alternative hypothesis: true location is greater than ©

V = 55, p-value = 0.004263
alternative hypothesis: true location is not equal to ©
80 percent confidence interval:
0.7332593 0.8000000
sample estimates:
(pseudo)median
0.7999093

Item 0416_LF

1) Qty: (N=31)

Compare Quantities
§
> 8
< m
£
&
2
2
? I
&=
Actusl Esamared
Ruport Type
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Quantities Differonces {D=Est-Act)
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newAQ=ActQty[EstQty<4906&ActQty<4834]
newEQ=EstQty[EstQty<4906&ActQty<4834]

Paired t-test

data: newEQ and newAQ
t = 0.37624, df = 29, p-value = 0.3547
alternative hypothesis: true difference in means is greater than ©

t = 0.37624, df = 29, p-value = 0.7095
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-13.20871 19.16405
sample estimates:
mean of the differences
2.977667

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 27.5, p-value = 0.194
alternative hypothesis: true location shift is less than @

184



Consider the error rate of Q:

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis se

X1 131 -0.01 0.1 4] -0.01 0 -0.2 0.38 0.57 1.23 5.62 0.02
Error Rate of Quantity Error Rate of Quantities (valid N=24)
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012 ) 08 4 )00
e

newER=erQ[erQ<0.0187500&erQ>-0.1126882]
One Sample t-test

data: newER
t = -1.281, df = 23, p-value = 0.1065
alternative hypothesis: true mean is less than @

t = -1.281, df = 23, p-value = 0.213
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-0.015915177 ©.003742498
sample estimates:
mean of x
-0.006086339

Wilcoxon signed rank test with continuity correction

data: erQ
V = 24, p-value = 0.1277
alternative hypothesis: true location is less than ©

V = 24, p-value = 0.2553
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.14491751 ©.06153248
sample estimates:
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(pseudo)median

-0.04973733

=14)

=31, valid n

2) PRs: (N

Compare PRs

Report Type

Production Rates Diff (D=ActPR-EstPR)

o

Error Rate of PRs (valid N=14)

Error Rate of PR

N
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N ¥
00 800 W0 W00 000
fmuog
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YN ES

EstPR[ActPR< 171.2]

newEPR
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newAPR=ACtPR[ActPR< 171.2]
Paired t-test

data: newEPR and newAPR
t = -3.1962, df = 12, p-value = 0.003844
alternative hypothesis: true difference in means is less than ©

t = -3.1962, df = 12, p-value = 0.007687
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-47.654340 -9.019714
sample estimates:
mean of the differences
-28.33703

Wilcoxon signed rank test with continuity correction
data: EstPR and ActPR

V = 6, p-value = 0.00321
alternative hypothesis: true location shift is less than @

Consider the error rate of PR:

> describeBy(erPR)

Donsity

vars n  mean sd median trimmed mad min max range skew kurtosis = se
X1 114 -10.31 13.42 -4.83 -8.3 6.42 -45 0.29 45.29 -1.29 0.53 3.59
Error Rate of PR Error Rate of PRs (valid N=14)
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newER=erPR
One Sample t-test

data: newER
t = -2.8733, df = 13, p-value = 0.00653
alternative hypothesis: true mean is less than @

t = -2.8733, df = 13, p-value = 0.01306
alternative hypothesis: true mean is not equal to @
95 percent confidence interval:
-18.054507 -2.557251
sample estimates:
mean of x
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-10.30588
Wilcoxon signed rank test with continuity correction

data: erPR
V = 2, p-value = 0.001324
alternative hypothesis: true location is less than ©

V = 2, p-value = 0.002647
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-22.000021 -2.708962
sample estimates:
(pseudo)median
-10.85713

3) Durations: (N=31, valid n=14)

Compare Durations
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Diff of Durations (valid N=14) Diff of Durations (valid N=14)

o pr

004
0.0

Dunaily
Density
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0.00

0.00

DeAciD-EsID CeEuD-ACD

newAD=DurDays
newED=EstDur
Paired t-test

data: newED and newAD
t = 4.119, df = 13, p-value = 0.0006047
alternative hypothesis: true difference in means is greater than ©

t = 4.119, df = 13, p-value = 0.001209
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
9.815861 31.469853
sample estimates:
mean of the differences
20.64286

Wilcoxon signed rank test with continuity correction
data: EstDur and DurDays

V = 77, p-value = 0.001608
alternative hypothesis: true location shift is greater than ©

Consider the error rate of erD:

> describeBy(erD)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 114 0.62 0.44 0.82 0.68 0.19 -0.4 0.98 1.38 -1.13 -0.24 0.12
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Error Rate of Durations Error Rate of Durations (valid N=24)
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newED=erD[erD>-0.4]
One Sample t-test

data: newED
t = 7.4035, df = 12, p-value = 4.118e-06
alternative hypothesis: true mean is greater than @

t = 7.4035, df = 12, p-value = 8.236e-06
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

0.4959243 0.9095485

sample estimates:
mean of x
0.7027364

Wilcoxon signed rank test with continuity correction

data: erD
V = 77, p-value = 0.001608
alternative hypothesis: true location is greater than ©

V = 77, p-value = 0.003216
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
0.5772974 0.9130445
sample estimates:
(pseudo)median
0.8292476
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newAQ=ActQty[EstQty<1386&ActQty<1386]
newEQ=EstQty[EstQty<1386&ActQty<1386]

Paired t-test

data: newEQ and newAQ
t = -1.944, df = 37, p-value = 0.02976
alternative hypothesis: true difference in means is less than ©

t = -1.944, df = 37, p-value = 0.05952
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-0.96738387 0.02001545
sample estimates:
mean of the differences
-0.4736842

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 0, p-value = 0.04876
alternative hypothesis: true location shift is less than @

Consider the error rate of Q:

> describeBy(erQ)
vars n mean sd median trimmed mad min max range skew kurtosis se

X1 1 40 -0.02 0.06 0 ] 0 -0.31 0 ©0.31 -3.89 15.2 0.01
Error Rate of Quantity Error Rate of Quantities (valid N=37)

1 % %
e ? %
o 2 g .
" ] g
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B | = s
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£.005 £0.003 2001
(8]

newER=erQ[erQ>-0.005434783]
One Sample t-test

data: newER
t = -1, df = 36, p-value = 9.162
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alternative hypothesis: true mean is less than @

t = -1, df = 36, p-value = 0.324
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-0.0004447847 ©.0001510126
sample estimates:
mean of x
-0.000146886

Wilcoxon signed rank test with continuity correction

data: erQ
V = 0, p-value = 0.05017
alternative hypothesis: true location is less than ©

V = 0, p-value = 0.1003
alternative hypothesis: true location is not equal to ©
80 percent confidence interval:
-0.312407661 -0.005527122
sample estimates:
(pseudo)median
-0.1494752

2) PRs:(N=31, valid n=22)

Compare PRs

Producton Ras

Actual Estmaned

Report Type
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Production Rates Diff (D=ActPR-EstPR)

Differunce

Diff of PRs (valid N=22) Diff of PRs (valid N=22)

Dansity

Density
0000 0002 0004 06
/ISR TR )

0000 0002 0.004 0.6

D=EstPR-APR

Paired t-test

data: EstPR and ActPR
t = -5.1406, df = 21, p-value = 2.152e-05
alternative hypothesis: true difference in means is less than ©

t = -5.1406, df = 21, p-value = 4.304e-05
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-147.34447 -62.46606
sample estimates:
mean of the differences
-104.9053

Wilcoxon signed rank test
data: EstPR and ActPR

V = 0, p-value = 2.384e-07
alternative hypothesis: true location shift is less than ©
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Consider the error rate of PR:

> describeBy(erPR)

-0.32

vars n  mean sd median trimmed mad min max range skew kurtosis
X1 122 -61.38 55.73 -37.25 -55.25 27.3 -169 -5.93 163.07 -1.12
se
X1 11.88
Error Rate of PR Error Rate of PRs (valid N=22)
— 2.
S | | <
- &
150 -100 50 0
PR
newER=erPR

One Sample t-test

data: newER
t = -5.1662, df = 21, p-value = 2.026e-05
alternative hypothesis: true mean is less than @

t = -5.1662, df = 21, p-value = 4.052e-05
alternative hypothesis: true mean is not equal to @
95 percent confidence interval:

-86.08819 -36.67203
sample estimates:
mean of x
-61.38011

Wilcoxon signed rank test with continuity correction

data: erPR
V = 0, p-value = 2.136e-05
alternative hypothesis: true location is less than ©

V = 0, p-value = 4.271e-05
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-96.14292 -29.00003
sample estimates:
(pseudo)median
-48.00002

3) Durations: (N=40, valid n=22)
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Compare Durations

§ .
§ 2
H
o
& |
5 i —
1
Actusl Esamaned
Ruport Type
Duration Differences (D=Est-Act)
g | _———
I
o
8- -
DIff of Durations (valld N=22) Diff of Durations (valid N=22)
5 7z 3
I m §:
7
g Z 3
- 0 L 100 150 -
D=ActD-EsiD

newAD=DurDays[DurDays<9]
newED=EstDur[DurDays<9]

Paired t-test
data: newED and newAD

t = 8.975, df = 20, p-value = 9.436e-09
alternative hypothesis: true difference in means is greater than @

t = 8.975, df = 20, p-value = 1.887e-08
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alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
92.36559 148.30108
sample estimates:
mean of the differences
120.3333

Wilcoxon signed rank test with continuity correction
data: EstDur and DurDays

V = 253, p-value = 2.062e-05
alternative hypothesis: true location shift is greater than ©

Consider the error rate of erD:

> describeBy(erD)
vars n mean sd median trimmed mad min max range skew kurtosis se

X1 122 0.97 0.03 0.97 0.97 0.02 0.83 0.99 0.16 -2.51 6.96 0.01
Error Rate of Durations Error Rate of Durations (valid N=22)
8 -
| - 7
'—. | ~

@
&
=]

15

oD

0.85 0.8 0.95 100

e

newED=erD[erD>0.8333333]
One Sample t-test

data: newED
t = 130.55, df = 21, p-value < 2.2e-16
alternative hypothesis: true mean is greater than ©

t = 130.55, df = 21, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
0.9507693 0.9815494
sample estimates:
mean of X
0.9661593

197



Wilcoxon signed rank test with continuity correction

data: erD
V = 253, p-value = 2.086e-05
alternative hypothesis: true location is greater than 0

V = 253, p-value = 4.173e-05
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
0.9607928 0.9794408
sample estimates:
(pseudo)median
0.9719217

Item 0464 _LF

1) Qty: (N=41, valid n=41)

Compare Quantities
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Diff of Quantities (valid N=41) Diff of Quantities (valid N=27)
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D=Est.Ac D=EaQ-AQ

> newAQ=ActQty[ActQty<1857&EstQty<1830]
> newEQ=EstQty[ActQty<1857&EstQty<1830]

Paired t-test

data: newEQ and newAQ
t =1.179, df = 36, p-value = 0.1231
alternative hypothesis: true difference in means is greater than 0

t =1.179, df = 36, p-value = 0.2461
alternative hypothesis: true difference in means is not equal to 0O
95 percent confidence interval:
-11.14281 42.08876
sample estimates:
mean of the differences
15.47297

Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 88, p-value = 0.6186
alternative hypothesis: true location shift is greater than 0

Consider the error rate of Q;

> describeBy (erQ)
vars n mean sd median trimmed mad min max range skew kurtosis se
X1 1 41 -0.14 0.81 0 -0.02 0 -5.11 0.35 5.46 -5.65 31.85 0.13

Setting erQ[erQ>-1], getting the following right graph
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Error Rate of Quantity Error Rate of Quantities (valid N=40)
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newER=erQ[erQ>-1]

One Sample t-test

data: newER
t = -0.52534, df = 39, p-value = 0.3012
alternative hypothesis: true mean is less than 0

t = -0.52534, df = 39, p-value = 0.6023
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
-0.05864002 0.03445983
sample estimates:
mean of x
-0.01209009

Wilcoxon signed rank test with continuity correction

data: erQ
vV = 72, p-value = 0.1826
alternative hypothesis: true location is less than 0O

alternative hypothesis: true location is not equal to 0
95 percent confidence interval:
-0.1855608 0.0713097
sample estimates:
(pseudo)median
-0.05020105
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2) PRs:(N=41, valid n=2)

Quantity Duration Production Rate
Estimated | Actual erQ Estimated | Actual erD Estimated | Actual erPR
15 15 0.00 11 2 0.82 | 1.36 7.5 -4.50
18 18 0.00 11 2 0.82 | 1.64 9 -4.50
Item 0506_LF
1) Qty: (N=40, valid n=40)
Compare Quantities
z o
s 8 ’
° T T
Actual Estimated

Report Type
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Quantities Differences (D=Est-Act)
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> newAQ=ActQty[ActQty<10000&EstQty<6160]
> newEQ=EstQty[ActQty<10000&EstQty<6160]

Paired t-test

data: newEQ and newAQ
t = -1.0261, df = 32, p-value = 0.1563
alternative hypothesis: true difference in means is less than @

t = -1.0261, df = 32, p-value = 0.3125
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-295.61755 97.55694
sample estimates:
mean of the differences
-99.0303
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Wilcoxon signed rank test with continuity correction

data: EstQty and ActQty
V = 400, p-value = 0.6683
alternative hypothesis: true location shift is less than ©

Consider the error rate of Q;
> describeBy(erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 1 40 -0.64 2.9 0.12 0.01 0.6 -15.88 0.97 16.85 -4 17 0.46

Setting erQ[erQ>-2.88], getting the following right graph

Error Rate of Quantity Error Rate of Quantities (valid N=36)
o - — 24 2
: o
(o] — 7]
[Ty © |
! [=

-10

erQ
Density
02 04 08
| | |
R
N/
R
-
R
SRy

-15

0.0

> newER=erQ[erQ>-2.88]
One Sample t-test

data: newER
t = 1.0678, df = 35, p-value = 0.1465
alternative hypothesis: true mean is greater than 0

t = 1.0678, df = 35, p-value = 0.2929
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:
-0.09732918 0.31332373
sample estimates:
mean of x
0.1079973

Wilcoxon signed rank test with continuity correction
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data: erQ
V = 389, p-value = 0.397
alternative hypothesis: true location is greater than ©

V = 389, p-value = 0.794
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-0.3809489 0.3001629
sample estimates:
(pseudo)median
0.04194536

2) PRs: (N=41, valid n=3)

Quantity Duration Production Rate
Estimated | Actual erQ Estimated | Actual erD Estimated | Actual erPR
630 1455 -1.31 95 4 0.96 | 6.63 363.75 -53.85
630 1295 -1.06 95 7 0.93 | 6.63 185 -26.90
18945 30616 -0.62 95 12 0.87 199.42 2551.333 -11.79
Item 0512_LF
1) Qty: (N=45, valid n=45)
Compare Quantities
> 87
3 27 . .
N ‘ |
[ |
< I T
Actual Estimated

Report Type
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Quantities Differences (D=Est-Act)
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> newAQ=ActQty[ActQty<10000&EstQty<10000]
> newEQ=EstQty[ActQty<10000&EstQty<10000]

Paired t-test

data: newEQ and newAQ
t = 1.1914, df = 43, p-value = 0.12
alternative hypothesis: true difference in means is greater than 0

t = 1.1914, df = 43, p-value = 0.24
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-104.7932 407.3841
sample estimates:
mean of the differences
151.2955
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Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 364.5, p-value = 0.7937
alternative hypothesis: true location shift is less than O

Consider the error rate of Q;

> describeBy (erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se

X1 1 45 -0.1 0.62 0 -0.02 0.15 -2.6 0.97 3.57 -1.89 5.03 0.09
Error Rate of Quantity Error Rate of Quantities (valid N=32)
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=20
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erQ

> newER=erQ[erQ0>-0.4&erQ<0.5]

One Sample t-test

data: newER
t = 2.4086, df = 31, p-value = 0.01107
alternative hypothesis: true mean is greater than 0

t = 2.4086, df = 31, p-value = 0.02215
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:

0.009047004 0.109020149
sample estimates:

mean of x

0.05903358

Wilcoxon signed rank test with continuity correction

data: erQ
V = 322, p-value = 0.4576
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alternative hypothesis:

V = 322, p-value = 0.9152
alternative hypothesis:
95 percent confidence interval:
-0.2412877 0.1331550
sample estimates:
(pseudo)median
0.004219537

2) PRs: (N=, valid n=1)

true location is greater than O

true location is not equal to O

Quantity Duration Production Rate
Estimated | Actual erQ Estimated | Actual erD Estimated | Actual erPR
900 810 0.10 1 1 0.00 | 900.00 810 0.10
Item 0618_LF
1) Qty: (N=30, valid n=30)
Compare Quantities
z 8| o
d .
§ _ =] o
Actual Estimated

Report Type
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Quantities Differences (D=Est-Act)
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> newAQ=ActQty[ActQty<3564&EstQty<2841]
> newEQ=EstQty[ActQty<3564&EstQty<2841]

Paired t-test

data: newEQ and newAQ
t = 0.96177, df = 24, p-value = 0.1729

t = 0.96177, df = 24, p-value = 0.3458
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-56.29525 154.54645
sample estimates:
mean of the differences
49.1256

Wilcoxon signed rank test with continuity correction
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data: EstQty and ActQty
VvV = 117.5, p-value = 0.4792
alternative hypothesis: true location shift is greater than 0

Consider the error rate of Q;

> describeBy (erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 1 30 -0.07 0.72 0 0 0.36 -3.03 0.99 4.02 -2.25 7.36 0.13
Error Rate of Quantity Error Rate of Quantities (valid N=28)
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> newER=erQ[erQ>-1]
One Sample t-test

data: newER
t =1.1604, df = 27, p-value = 0.128
alternative hypothesis: true mean is greater than 0

t = 1.1604, df = 27, p-value = 0.2561
alternative hypothesis: true mean is not equal to 0

95 percent confidence interval:

-0.06261123 0.22560359

sample estimates:

mean of x

0.08149618

Wilcoxon signed rank test with continuity correction

data: erQ
V = 110.5, p-value = 0.5758
alternative hypothesis: true location is greater than 0

vV = 110.5, p-value = 0.8757
alternative hypothesis: true location is not equal to 0
95 percent confidence interval:
-0.2568549 0.2636698
sample estimates:
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(pseudo)median
-0.005580829

2) PRs: (N=30, valid n=0)
3) Durations: (N=30, valid n=0)

Item 0662_LF

4) Qty: (N=69, valid n=69)

Compare Quantities
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Quantities Differences (D=Est-Act)
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> newAQ=ActQty[ActQty<40000&EstQty<37731]
> newEQ=EstQty[ActQty<40000&EstQty<37731]

Paired t-test

data: newEQ and newAQ
t = -1.9848, df = 58, p-value = 0.02595
alternative hypothesis: true difference in means is less than 0

t = -1.9848, df = 58, p-value = 0.0519
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-2503.57851 10.59546
sample estimates:
mean of the differences
-1246.492
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Wilcoxon signed rank test with continuity correction
data: EstQty and ActQty

V = 665, p-value = 0.02215
alternative hypothesis: true location shift is less than O

Consider the error rate of Q;

> describeBy (erQ)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 1 69 -0.98 2.43 -0.01 -0.48 0.58 -13.01 0.96 13.96 -2.67 8.17 0.29
Error Rate of Quantity Error Rate of Quantities (valid N=61)
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> newER=erQ[erQ>-4]
One Sample t-test

data: newER
t = -1.9993, df = 60, p-value = 0.02505
alternative hypothesis: true mean is less than 0

95 percent confidence interval:
-0.451528065 0.000109694
sample estimates:

mean of x
-0.2257092

Wilcoxon signed rank test with continuity correction

data: erQ
V = 599, p-value = 0.006473
alternative hypothesis: true location is less than 0

V = 599, p-value = 0.01295
alternative hypothesis: true location is not equal to 0
95 percent confidence interval:
-1.02400606 -0.06917655
sample estimates:
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(pseudo)median
-0.4373234

5) PRs: (N=69, valid n=11)

Compare PRs
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Diff of PRs (valid N=11) Diff of PRs (valid N=10)
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Paired t-test

data: EstPR and ActPR
t = -3.0254, df = 10, p-value = 0.006389
alternative hypothesis: true difference in means is less than 0

t = -3.0254, df = 10, p-value = 0.01278
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-825.4043 -125.2569
sample estimates:
mean of the differences
-475.3306

Wilcoxon signed rank test

data: EstPR and ActPR
V = 0, p-value = 0.0004883
alternative hypothesis: true location shift is less than 0

Consider the error rate of PR:

> describeBy (erPR)
vars n mean sd median trimmed mad min max range skew kurtosis se
X1 111 -6.96 9.51 -3.85 -5.61 5.22 -25.98 -0.14 25.84 -1.07 -0.59 2.87
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Error Rate of PR Error Rate of PRs (valid N=9)
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> newER=erPR[erPR>-15]
One Sample t-test

data: newER
t = -2.2664, df = 8, p-value = 0.02659
alternative hypothesis: true mean is less than 0

t = -2.2664, df = 8, p-value = 0.05319
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
-6.0718936 0.0526028
sample estimates:
mean of x
-3.009645

Wilcoxon signed rank test

data: erPR
V = 0, p-value = 0.0004883
alternative hypothesis: true location is less than 0

vV = 0, p-value = 0.0009766
alternative hypothesis: true location is not equal to 0
95 percent confidence interval:
-13.6928962 -0.4458874
sample estimates:
(pseudo)median
-4.352413

6) Durations: (N=69, valid n=11)
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Compare Durations
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Duration Differences (D=Est-Act)

Diff of Durations (valid N=11)

Diff of Durations {valid N=11)
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> newAD=DurDays
> newED=EstDur

Paired t-test

data: newED and newAD
t = 7.8315, df = 10, p-value =
alternative hypothesis:

t = 7.8315, df = 10,
alternative hypothesis:
95 percent confidence interval:
3.447356 6.189008
sample estimates:
mean of the differences
4.818182

p-value =

7.091e-06

1.418e-05

true difference in means is greater than 0

true difference in means is not equal to 0

Wilcoxon signed rank test with continuity correction

data: EstDur and DurDays
V = 66, p-value = 0.001851
alternative hypothesis:

Consider the error rate of D:

> describeBy (erD)

vars n mean
X1 1 11 0.6 0.26 0.62
Error Rate of Durations
% :
o
$ r
* i

> newED=erD
One Sample t-test
data: newED

t = 7.8315, 4df = 10,
alternative hypothesis:

p-value =

sd median trimmed mad min

0.62 0.19 0.12 0.88

max range

true location shift is greater than 0

skew kurtosis
0.75 -0.48 -1.17

Error Rate of Durations (valid N=11)
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7.091e-06

true mean is greater than 0
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t = 7.8315, df = 10, p-value = 1.418e-05
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:

0.4309195 0.7736260
sample estimates:
mean of x

0.6022727

Wilcoxon signed rank test with continuity correction

data: erD
V = 66, p-value = 0.001851
alternative hypothesis: true location is greater than 0

V = 66, p-value = 0.003702
alternative hypothesis: true location is not equal to 0
95 percent confidence interval:
0.4374775 0.8124203
sample estimates:
(pseudo)median
0.6249634

Item 0666_LF

1) Qty: (N=203, valid n=203)

Compare Quantities
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Setting ylim=c (-686, 597) to drop the outliers and getting the following graph.

218



Quantities Differences {D=Est-Act)
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> newAQ=ActQty[ActQty<43005&EstQty<38212]
> newEQ=EstQty[ActQty<43005&EstQty<38212]

Paired t-test

data: newEQ and newAQ
t = -0.86551, df = 169,
alternative hypothesis:

t = -0.86551, df = 169,
alternative hypothesis:

p-value = 0.194
true difference

p-value = 0.388
true difference

95 percent confidence interval:

-339.0405 132.3623
sample estimates:

mean of the differences
-103.3391
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Wilcoxon signed rank test with continuity correction

data: EstQty and ActQty
V = 5155.5, p-value = 0.4492
alternative hypothesis: true location shift is less than O

Consider the error rate of Q:

> describeBy (erQ)

vars n mean sd median trimmed mad min max range

X1 1 203 -0.1 0.63 0 -0.03 0.16 -6.79 0.93 7.72
Error Rate of Quantity Error Rate of Quantities (valid N=174)
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> newER=erQ[er(Q0>-0.52&er0<0.596]
One Sample t-test

data: newER
t = 0.59063, df = 173, p-value = 0.2778
alternative hypothesis: true mean is greater than 0

t = 0.59063, df = 173, p-value = 0.5555
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
-0.02030484 0.03764605
sample estimates:
mean of x
0.008670604

-6.42

skew kurtosis

Wilcoxon signed rank test with continuity correction

data: erQ
V = 4454, p-value = 0.9368
alternative hypothesis: true location is greater than 0

V = 4454, p-value = 0.1268
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alternative hypothesis: true location is not equal to 0
95 percent confidence interval:
-0.12294393 0.01619744
sample estimates:
(pseudo)median
-0.04914603

2) PRs: (N=203, valid n=70)

Compare PRs
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Diff of PRs (valid N=70) Diff of PRs (valid N=59)
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> newEPR=EstPR[EstPR<11118&ActPR<32272]
> newAPR=AcCtPR[EstPR<11118&ActPR<32272]

Paired t-test

data: newEPR and newAPR
t = -3.7012, df = 55, p-value = 0.000249
alternative hypothesis: true difference in means is less than 0

t = -3.7012, df = 55, p-value = 0.0004979
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-2470.8320 -735.0043
sample estimates:
mean of the differences
-1602.918

Wilcoxon signed rank test with continuity correction
data: EstPR and ActPR

V = 170, p-value = 1.765e-10
alternative hypothesis: true location shift is less than 0

Consider the error rate of PR:

> describeBy(erPR)
vars n mean sd median trimmed mad min max range skew kurtosis

se

X1 170 -3.24 4.53 -1.86 -2.34 1.88 -26.27 0.62 26.89 -3.13 11.6 0.54
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Error Rate of PR Error Rate of PRs (valid N=65)

R
Dersny

SRR AR

NS
i

> newER=erPR[erPR>-9]
One Sample t-test

data: newER
t = -8.5731, df = 64, p-value = 1.581le-12
alternative hypothesis: true mean is less than @

t = -8.5731, df = 64, p-value = 3.161le-12
alternative hypothesis: true mean is not equal to ©
95 percent confidence interval:

-2.773461 -1.725176
sample estimates:
mean of x
-2.249318

Wilcoxon signed rank test with continuity correction

data: erPR
V = 31.5, p-value = 6.991e-13
alternative hypothesis: true location is less than ©

V = 31.5, p-value = 1.398e-12
alternative hypothesis: true location is not equal to ©
95 percent confidence interval:
-3.056114 -1.668140
sample estimates:
(pseudo)median
-2.326666

3) Durations: (N=203, valid n=70)
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Compare Durations

T
Estimated

Rapo Type

LoEIng]

Duration Differences (D=Est-Act)

[x]3

acusiayig

Diff of Durations (valid N=65)

Diff of Durations (valid N=70)

i

D=AdD-EsiD
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> newAD=DurDays
> newED=EstDur

Paired t-test

data: newED and newAD
t = 9.7224, df = 69, p-value
alternative hypothesis:

t = 9.7224, df = 69, p-value
alternative hypothesis:

2.849956 4.321473
sample estimates:
mean of the differences
3.585714

Wilcoxon signed rank test with continuity correction

data: EstDur and DurDays
vV = 2272, p-value = 6.173e-13
alternative hypothesis:

Consider the error rate of D:

> describeBy (erD)

vars n mean
X1 1 70 0.57 0.29 0.63
Error Rate of Durations
o |
Q & - —i—
bl -

> newED=erD[erD>-0.5]
One Sample t-test

data: newED
t = 22.701, df = 68,
alternative hypothesis:

t = 22.701, df = 68,

7.35e-15

true difference

1.47e-14

Dersny

true difference
95 percent confidence interval:

sd median trimmed mad min
0.61 0.25

true location shift is greater than 0

max range
-1 0.88 1.88 -2.57

Error Rate of Durations (valid N=69)

p-value < 2.2e-16
true mean is greater than 0

p-value < 2.2e-16
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in means is greater than O

in means is not equal to 0

skew kurtosis se

10.62 0.03



alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
0.5428602 0.6474952
sample estimates:
mean of x
0.5951777

Wilcoxon signed rank test with continuity correction

data: erD
V = 2211, p-value = 1.045e-11
alternative hypothesis: true location is greater than 0

VvV = 2211, p-value = 2.091le-11
alternative hypothesis: true location is not equal to O
95 percent confidence interval:
0.5749589 0.6750570
sample estimates:
(pseudo)median
0.6249955
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APPENDIX 3.5

RESULTS OF STATISTICAL ANALYSIS OF POOLED ITEMS BASED ON THE NATURE

OF WORK

Earthworks

One sample t-Test

ERDur

Mean 0.619059297

Variance 0.154471961

Observations 72

Hypothesized Mean 0

df 71

t Stat 13.36514483

P(T<=t) one-tail 2.29037E-21

t Critical one-

tail 1.666599658

P (T<=t) two-tail 4.58073E-21

t Critical two-

tail 1.993943368

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.401467123

R Square 0.161175851

Adjusted R Square 0.134906934

Standard Error 0.679762393

Observations 72

ANOVA

df SS MS F Significance F

Regression 2 6.21500318 3.107502 6.725074362 0.002146292
Residual 70 32.34538379 0.462077

Total 72 38.56038697

Regression Analysis Coefficients Standard Error t Stat P-value
ERQty 0.011854939 0.067464767 0.17572 0.861020913
ERPr -0.004027173 0.001346284 -2.99133 0.003832981
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APPENDIX 3.7
RESULTS OF STATISTICAL ANALYSIS OF POOLED ITEMS BASED ON THE NATURE

OF WORK

Finishing Works

t-Test: One sample

ERDur

Mean 0.605501
Variance 0.162139
Observations 196
Hypothesized Mean 0
daf 195
t Stat 21.05227
P (T<=t) one-tail 2.13E-52
t Critical one-

tail 1.652705
P(T<=t) two-tail 4.26E-52
t Critical two-

tail 1.972204

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.495913466
R Square 0.245930166
Adjusted R Square 0.236888569
Standard Error 0.634200388
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Observations 196
ANOVA
df SS MS F Significance F

Regression 2 25.44807709 12.72403855 31.63530088 1.30872E-12
Residual 194 78.02876563  0.402210132
Total 196 103.4768427

Regression Standard

Analysis Coefficients Error t Stat P-value
ERQty -0.127704366 0.067433849 -1.89377245 0.059743374
ERPr -0.014210999 0.001935672 -7.34163442 5.66495E-12

APPENDIX 3.8

RESULTS OF STATISTICAL ANALYSIS OF POOLED ITEMS BASED ON THE NATURE

t-Test: One Sample

OF WORK ASPHALT WORKS
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ERPr

Mean 2509.526844
Variance 79004233.53
Observations 55
Hypothesized Mean 0
df 54
t Stat 2.093861773
P(T<=t) one-tail 0.020490917
t Critical one-

tail 1.673564906
P(T<=t) two-tail 0.040981835
t Critical two-

tail 2.004879288
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.18938033
R Square 0.035864909

Adjusted R Square

Standard Error

-0.001194243
2.564186776

Observations 55
ANOVA
df SS MS F Significance F

Regression 2 12.96304499 6.481522497 0.985775 0.380014224
Residual 53 348.4778525 6.575053822
Total 55 361.4408975

Regression Standard

Analysis Coefficients Error t Stat P-value
ERQty 0.290855335 0.443727652 0.655481652 0.514993
EstPr -0.068840513 0.051228257 -1.34379963 0.184738
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RESULTS OF STATISTICAL ANALYSIS OF POOLED ITEMS BASED ON THE NATURE

APPENDIX 3.9

OF WORK

Concrete Works

t-Test: One Sample

ERDur

Mean 0.771278

Variance 0.107805

Observations 101

Hypothesized Mean 0

df 100

t Stat 23.6076

P(T<=t) one-tail 5.57E-43

t Critical one-

tail 1.660234

P (T<=t) two-tail 1.11E-42

t Critical two-

tail 1.983972

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.641142751

R Square 0.411064027

Adjusted R Square 0.395014169

Standard Error 0.64926832

Observations 101

ANOVA

Significance
df SS MS F F

Regression 2 29.12896208 14.56448 34.54988 4.4082E-12
Residual 99 41.73338574 0.421549

Total 101 70.86234782
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Regression Standard

Analysis Coefficients Error t Stat P-value
ERPr -0.01042932 0.00125722 -8.29554 5.56E-13
ERQty 0.021141923 0.165807541 0.127509 0.898796

APPENDIX 3.10

RESULTS OF STATISTICAL ANALYSIS OF ERROR RATIOS OF POOLED DATA

DISTRICT A

The pooled Austin data have 2089 entries. Due to missing data and estimated quantity being 0
(indicating a planning error), the valid N varies in the following analyses.

1. Error Ratios for Quantity (valid N=2084)

Frist, take a look at ERqg.
Figure 1. Boxplot and histogram of ERQ.

Error Ratios for Quantity
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Histogram of ERs for Quantity (valid N=2084)
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Some notes for explanation of the graphs:

Table 1

In the boxplot, we set the boundary of the plot to be (-0.1, 0.1) that gives a zoom-in
looking of 1305 cases (62.6% of valid N 2084) with ERg values between (-0.1, 0.1). There
are many outliers as we can see from the boxplot. The distribution is negatively skewed
with majority of data smaller than or equal to O.

The histogram on the left-hand side shows all valid data.

The histogram on the right-hand side shows the data bounded between -0.1 and 0.1. The high
peak in the center is because there are a lot of 0 values (998 of them as shown in Table
1) . This even impacts the y-scale. The error rate of quantity equal to 0 means that estimated
quantity is same as the actual quantity.

The red normal curve overlaid in the second histogram shows the normal distribution with
mean 0 and standard deviation that is same as the data shown in that histogram (1305 values
between -0.1 and 0.1).

. Distribution of error ratios for quantity. The last row percentages are normal

distribution (with mean 0 and same standard deviation with data) percentages for reference.

Percent of ERg’s Falling into the Intervals (valid N 2084)
ERg < X — [ ¥—3s, [ ¥x—2s, [ Xx—s, X =0 (0, Xx+s] ( Xx+s, ( X+ 2s, ERg >
3s X —2s) X—s) 0) X+ 2s ] X+3s ] X+ 3s
28 8 44 506 998 500 0 0 0
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1.3% 0.4% 2. 24.3% 47.9% 24.0% 0.0% .0% .0%
0.15% 2.35% 13. 68% 13.5% 35% 15
Table 2. Summary statistics for ERqg after excluding outliers. (valid N=2081)
Valid N Mean SD Min Median Max Range
2081 -0.21 1.2 -19.98 0 1 20.97

Next, we use non-parametric Wilcoxon signed rank test to test whether the average ERg is less than
and the 95% CI for ERqg is

0. It yielded significant result

(p-value<.001)

(-0.1, -0.04).

The effect

size (Hodges-Lehmann estimator) turned out to be -0.07 indicating a small effect.

According to these results, we find that the average error rates for quantity is significantly less
than 0. Thus we conclude that the estimated quantities are significantly less than actual quantities
for Brownwood district, regardless of construction items. However, it is worth to note that the
significance should be taken with caution as the effect size is small.

2. Error Ratios for Duration: (valid N=425)

Frist, take a look at ERd. There is one extreme outlier, -18, that is excluded from the plotting

graphs.
Figure 2. Boxplot and histogram of ERd.

Error Ratios for Duration

ERd
1
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Histogram of ERs for Duration (valid N=425)

Histogram of ERs for Duration (valid N=404)
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Some notes for explanation of the graphs:
. There are a few outliers as we can see from the boxplot.
skewed with majority of the data bigger than 0.

0 02

| 1
08 1.0

ERd (values between (-0.5, 1))

The distribution is negatively

. The histogram on the left-hand side shows all data and also indicates a negatively skewed

distribution.

. The histogram on the right-hand side shows the data bounded between -0.5 and 1.
is so clear that it is negatively skewed with majority of the data bigger than O.
rate of duration close to 1 means that estimated duration

duration.

The pattern
The error

is much larger than actual

. The red normal curve overlaid in the second histogram shows the normal distribution with

mean 0 and standard deviation that is same as the data shown in that histogram

between -0.5 and 1).

(404 values

Table 3 and 4 display the comparison of data distribution to the normal distribution and the

summary statistics.

Table 3. Compare distribution of error ratios for duration to a normal distribution with mean 0

and same standard deviation with data.
for reference.

The percentages in red are normal distribution percentages

Percent of ERd’s Falling into the Intervals

(Valid N =

425)

X —3s

ERd <

(OI

x-S, X+ 5]

S, X+2s ]

=i

(x+
2s, X+ 3s ]

X+ 3s

ERC
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2 1 18 33 370 0 0 0
.2% 0.5% 0.2% 4.2% 7.8% 87.1% 0% 0% 0%
15 2.35% 13.5% 68% 13.5% 2.35 0.

Table 4. Summary statistics for ERd after excluding outliers. (valid N=424)

Valid N Mean SD Min Median Max

Range

424 0.6 0.48 -3 0.75 0.99

3.99

Next, we use non-parametric Wilcoxon signed rank test to test whether the average ERd is greater

than 0. It yielded significant result (p-value<.001l) and the 95% CI for ERg is

(0.

72, 0.77). The

effect size (Hodges-Lehmann estimator) turned out to be 0.74 indicating a large effect.

According to these results, we find that the average error rates for duration is significantly
greater than 0. Thus we conclude that the estimated durations are significantly greater than actual

durations for Brownwood district, regardless of construction items.

3. Error Ratios for Production Rate (valid N= 425)

Frist, take a look at the error ratios for production rates. There is one extreme outlier, -

530.24, that is excluded from the plotting graphs.

Figure 3. Boxplot and histogram of ERpr.

Error Ratios for Production Rate
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Histogram of ERs for PR (valid N=425) Histogram of ERs for PR (valid N=348)
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Some notes for explanation of the graphs:

Table 5
summary

Table 5

There are a few outliers as we can see from the boxplot. The distribution is negatively
skewed with most of the data less than O.

The histogram on the left-hand side shows all data and also indicates a negatively skewed
distribution.

The histogram on the right-hand side shows the data bounded between -20 and 1. The pattern
is so clear that it is negatively skewed with majority of the data smaller than 0.

The red normal curve overlaid in the second histogram shows the normal distribution with
mean 0 and standard deviation that is same as the data shown in that histogram (348 wvalues
larger than -20).

and 6 display the comparison of data distribution to the normal distribution and the
statistics.

. Compare distribution of error ratios for production rate to a normal distribution with

mean 0 and same standard deviation with data. The percentages in red are normal distribution
percentages for reference.

Percent of ERpr’s Falling into the Intervals (Valid N = 425)

ERd < X — [ x—3s, [ x—2s, [ X—s, x =0 (0, Xx+s] ( Xx+s, ( X+ 2s, ERdA >
3s X —2s) X—s) 0) X+2s ] X+3s 1] X +3s
12 9 22 329 16 37 0 0 0
2.8% 2.1% 5.2% 77.4% 3.8% 8.7% 0% 0% 0%




0.15% 35% 13.5% 68% 13.5% 2.35% 0.15%
Table 6. Summary statistics for ERpr after excluding outliers. (valid N=413)
Valid N Mean SD Min Median Max Range
424 -14.18 31.83 -197 -3 -0.96 197.96

Next, we use non-parametric Wilcoxon signed rank test to test whether the average ERpr is less than

0. It yielded significant result
size (Hodges-Lehmann estimator)

According to
significantly less than 0.

these

results, we

(p-value<.001)

find that the
Thus we conclude that the estimated production rates are significantly
less than actual production rates for Brownwood district, regardless of construction items.

and the 95% CI for ERg is
turned out to be -4.9 indicating a large effect.

238

average error

rates for

(-6.2,

-4.0

production

) . The

rates

effect

is



APPENDIX 4.1

WEATHER DATA FROM NOAA WEBSITE FOR ALL 30 PROJECTS

Project Number 0074-02-072
Reported Item
Date Qty Code PRCP | TMAX | WSFG

0351-

5/16/2016 888.89 | 6002 2.27 87
0351-

5/17/2016 1222.22 | 6002 0 88
0354-

4/11/2016 5939 | 6002 0.01 80
0354-

4/12/2016 4636 | 6002 0.02 80
0354-

4/13/2016 5720 | 6002 0.02 81
0354-

4/26/2016 1536 | 6002 0 84
0354-

4/28/2016 2111 | 6002 0 85
0354-

5/3/2016 1462 | 6002 0 83
0354-

5/5/2016 2888 | 6002 0 93
0354-

5/16/2016 2267 | 6002 2.27 87
0354-

5/20/2016 50 | 6002 0 85
0354-

11/1/2016 12288 | 6002 0 87
0344-

4/22/2016 1786.26 | 6120 0 84
0344-

4/23/2016 1318.5 | 6120 0 83
0344-

4/25/2016 1738.28 | 6120 0 82
0344-

4/26/2016 1902.81 | 6120 0 84
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0344-

4/27/2016 1641.48 | 6120 0 86
0344-

4/28/2016 1501.32 | 6120 0 85
0344-

4/29/2016 1519.02 | 6120 0 84
0344-

5/2/2016 1453.87 | 6120 0 78
0344-

5/3/2016 1783.27 | 6120 0 83
0344-

5/4/2016 819.39 | 6120 0 90
0344-

5/6/2016 1344.53 | 6120 0 88
0344-

5/7/2016 518.74 | 6120 0 85
0344-

5/9/2016 945.49 | 6120 0.07 87
0344-

5/10/2016 1816.79 | 6120 0 89
0344-

5/11/2016 1734.17 | 6120 0 90
0344-

5/12/2016 1655.01 | 6120 0 88
0344-

5/13/2016 567.87 | 6120 0 91
0344-

5/20/2016 1344.11 | 6120 0 85
0344-

5/21/2016 1395.05 | 6120 0.04 87
0344-

5/23/2016 755.28 | 6120 0.01 86
0344-

5/24/2016 1130.95 | 6120 0 88
0344-

5/25/2016 1200.06 | 6120 0 89
0344-

5/26/2016 1338.54 | 6120 0 88
0344-

5/27/2016 657.95 | 6120 0 89
0344-

5/31/2016 809.21 | 6120 0.16 90
0344-

6/8/2016 1697.64 | 6120 0 88
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0344-
6/9/2016 1107.8 | 6120 0 88
0344-
6/10/2016 632.04 | 6120 0 90
0344-
7/1/2016 1958.19 | 6120 0 91
0344-
11/1/2016 161.96 | 6120 0 87
0666-
7/27/12016 100911 | 6315 0 95
0533-
6/30/2016 178040 | 6001 0 91
0351-
5/5/2016 422 | 6012 0 93
0351-
5/12/2016 422 | 6012 0 88
0351-
5/16/2016 422 | 6012 2.27 87
0351-
5/20/2016 10 | 6012 0 85
0351-
11/1/2016 546 | 6012 0 87
Project Number 0074-03-041
Reported Item
Date Qty Code PRCP | TMAX [ WSFG
0354-
6/24/2015 70911 | 2045 0.13 89
0354-
4/29/2015 8666 | 2045 0 75
0354-
5/26/2015 75338 | 2045 0 87
0354-
4/28/2015 77845 | 2045 0.03 78
0316-
6/23/2015 21200 | 2403 0.15 89
0316-
7/27/12015 10500 | 2403 0 90
0316-
5/26/2015 26425 | 2403 0 87
0316-
4/28/2015 3850 | 2403 0.03 78
0316-
4/29/2015 5450 | 2403 0 75

241




0316-

5/26/2015 13725 | 2403 0 87
0316-

8/24/2015 31350 | 2403 0 97
0316-

8/25/2015 42850 | 2403 0 97
0316-

8/26/2015 65450 | 2403 0 95
0316-

10/19/2015 2000 | 2403 0 83
0316-

1/5/2016 2050 | 2403 0 62
3268-

6/24/2015 1991.58 | 2042 0.13 89
3268-

6/25/2015 1534.41 | 2042 0 90
3268-

6/26/2015 1662.88 | 2042 0 90
3268-

6/27/2015 1510.29 | 2042 0 90
3268-

6/29/2015 1188.37 | 2042 0 89
3268-

712712015 4631.01 | 2042 0 90
3268-

8/24/2015 224.54 | 2042 0 97
3268-

1/5/2016 240 | 2042 0 62
3268-

1/6/2016 240 | 2042 0.25 70
3268-

6/27/2015 9036.35 | 2042 0 90
3268-

1/5/2016 541.44 | 2042 0 62
3268-

1/6/2016 47.66 | 2042 0.25 70
3268-

4/29/2015 1629.34 | 2042 0 75
3268-

5/26/2015 6979.66 | 2042 0 87
3268-

8/25/2015 8391.98 | 2042 0 97
3268-

8/26/2015 1715.39 | 2042 0 95
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3268-

8/27/2015 1192.11 | 2042 0 93
3268-
9/25/2015 16636.59 | 2042 0 89
3268-
9/28/2015 1200.39 | 2042 0 89
3268-
9/29/2015 2014.65 | 2042 0 89
3268-
9/30/2015 1906.71 | 2042 0 91
3268-
10/19/2015 8003.03 | 2042 0 83
0134-
6/26/2015 84 | 2004 0 90
0134-
6/27/2015 84 | 2004 0 90
0134-
9/29/2015 128 | 2004 0 89
0134-
6/26/2015 186 | 2004 0 90
0134-
6/26/2015 184 | 2004 0 90
0134-
9/29/2015 243 | 2004 0 89
0134-
9/25/2015 40 | 2004 0 89
0134-
10/19/2015 718 | 2004 0 83
0533-
9/18/2015 59188 | 2006 0.17 89
0533-
9/18/2015 37110 | 2006 0.17 89
0533-
9/18/2015 6774 | 2006 0.17 89
0533-
10/27/2015 48454 | 2006 83
0533-
10/28/2015 60009 | 2006 0 86
0533-
10/31/2015 72425 | 2006 0
0438-
8/27/2015 240 | 2002 0 95
0438-
8/27/2015 560 | 2002 0 95
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0438-

10/26/2015 2000 | 2002 0 82
0438-

10/28/2015 600 | 2002 0 86
8251-

7/27/2015 25837 | 2017 0 90
8251-

9/18/2015 653 | 2017 0.17 89
8251-

1/5/2016 6138 | 2017 0 62
8251-

5/26/2015 1167 | 2017 0 87
8251-

6/27/2015 18341 | 2017 0 90
8251-

1/5/2016 337 | 2017 0 62
8251-

5/26/2015 18437 | 2017 0 87
8251-

9/28/2015 23930 | 2017 0 89
8251-

9/25/2015 23826 | 2017 0 89
8251-

10/26/2015 58711 | 2017 0 82
8251-

11/10/2015 1178 | 2017 0 84
8251-

1/5/2016 185 | 2017 0 62

Project Number 0074-03-042
Reported Item
Date Qty Code PRCP | TMAX | WSFG

0506-

9/29/2015 640 | 6042 0 94
0506-

9/29/2015 210 | 6042 0 94
0351-

10/26/2015 1022 | 6013 0 80
0351-

10/27/2015 244 6013 0 82
0351-

10/28/2015 488 | 6013 0 92
0354-

10/1/2015 25333 | 6021 0 95
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0354-

10/2/2015 19296 | 6021 88
0354-

10/26/2015 85234 | 6021 80
0354-

10/27/2015 3989 | 6021 82
0354-

10/28/2015 36966 6021 92
0354-
11/5/2015 47120 | 6021
0316-

10/7/2015 5250 | 6007 89
0316-

10/26/2015 47725 | 6007 80
0316-

10/28/2015 700 | 6007 92
0316-

10/29/2015 1290 | 6007 85
0316-

10/28/2015 4950 | 6007 92
0316-

10/29/2015 8390 | 6007 85
0316-

11/3/2015 5000 | 6007 83
0316-

11/4/2015 9300 | 6007 84
0316-
11/5/2015 6675 | 6007
0344-

10/7/2015 643.23 | 6120 89
0344-

10/26/2015 |  10968.79 | 6120 80
0344-

10/27/2015 1247.96 | 6120 82
0344-

10/28/2015 596.9 | 6120 92
0344-

10/29/2015 1065.15 | 6120 85
0344-

12/22/2015 104 | 6120 78
0344-

10/28/2015 799.37 | 6120 92
0344-

10/29/2015 512.91 | 6120 85
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0344-
11/3/2015 2172.33 | 6120 0 83
0344-
11/4/2015 2309.78 | 6120 0 84
0344-
11/5/2015 1942.18 | 6120 0
0344- -
11/6/2015 1056.67 | 6120
0344-
11/9/2015 1058.84 | 6120 0 77
0438-
11/30/2015 616 | 6001 0.01 59
0666-
11/17/2015 31228 | 6314 80
0666-
11/17/2015 19679 | 6314 80
Project Number 0074-05-094
Reported Item
Date Qty Code PRCP [ TMAX | WSFG
0354-
7/9/2013 10272 | 2045 0 97
0354-
7/11/2013 12089 | 2045 0 98
0354-
7/12/2013 8444 | 2045 0 98
0354-
7/22/2013 12667 | 2045 0 94
0354-
7/23/2013 12667 | 2045 0 95
0354-
7/24/2013 12667 | 2045 0 95
0354-
7/25/2013 10978 | 2045 0 96
0354-
8/7/2013 15150 | 2045 0 99
0354-
8/8/2013 12667 | 2045 0 98
0354-
8/9/2013 8444 | 2045 0 98
0354-
8/12/2013 7406 | 2045 0 97
0354-
8/13/2013 13511 | 2045 0 101
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0354-

8/14/2013 12667 | 2045 0 102
0354-

8/15/2013 12652 | 2045 0 97
0354-

9/11/2013 16889 | 2045 0.09 88
0354-

9/30/2013 16889 | 2045 0 87
0354-

10/2/2013 16889 | 2045 0 89
0354-

10/3/2013 16889 | 2045 0.02 88
0354-

10/4/2013 7786 | 2045 0 89
0354-

10/31/2013 8467 | 2045 0.17 87
0351-

7/10/2013 435 | 2002 0 97
0351-

8/20/2013 59 | 2002 0.26 84
0351-

8/29/2013 41.55 | 2002 0 98
0316-

7/11/2013 1930 | 2403 0 98
0316-

7/12/2013 1300 | 2403 0 98
0316-

7/15/2013 750 | 2403 0 96
0316-

7/22/2013 7775 | 2403 0 94
0316-

7/23/2013 5065 | 2403 0 95
0316-

7/24/2013 5055 | 2403 0 95
0316-

7/25/2013 5900 | 2403 0 96
0316-

7/26/2013 3790 | 2403 0 96
0316-

8/12/2013 3980 | 2403 0 97
0316-

8/13/2013 5930 | 2403 0 101
0316-

8/14/2013 10860 | 2403 0 102
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0316-

8/15/2013 5031 | 2403 0 97
0316-

8/16/2013 2035 | 2403 0.24 99
0316-

8/29/2013 5100 | 2403 0 98
0316-

9/3/2013 1925 | 2403 0 92
0316-

9/25/2013 6725 | 2403 0 92
0316-

10/3/2013 3755 | 2403 0.02 88
0316-

10/8/2013 1980 | 2403 0 82
0316-

10/9/2013 8100 | 2403 0 85
0316-

10/10/2013 5260 | 2403 0 87
0316-

10/17/2013 2770 | 2403 0 78
3224-

7/29/2013 1123.69 | 2048 0 94
3224-

7/30/2013 577.29 | 2048 0 96
3224-

7/31/2013 1513.88 | 2048 0 97
3224-

8/1/2013 1220.85 | 2048 0 99
3224-

8/2/2013 434.94 | 2048 0 98
3224-

8/5/2013 1420.78 | 2048 0 98
3224-

8/6/2013 780.18 | 2048 0 99
3224-

8/13/2013 11.83 | 2048 0 101
3224-

8/19/2013 2466.4 | 2048 0 96
3224-

8/21/2013 1224.05 | 2048 0 95
3224-

8/22/2013 2035.03 | 2048 0.01 96
3224-

8/28/2013 410.55 | 2048 0 94
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3224-
9/4/2013 1132.55 | 2048 0 91
3224-
9/5/2013 827.54 | 2048 0 92
3224-
9/23/2013 800.17 | 2048 87
3224-
9/24/2013 1072.39 | 2048 0 93
3224-
9/26/2013 374.23 | 2048 0 90
3224-
9/27/2013 186.6 | 2048 0 90
3224-
10/8/2013 1141.69 | 2048 0 82
3224-
10/9/2013 1508.83 | 2048 0 85
3224-
10/10/2013 1169.79 | 2048 0 87
3224-
10/11/2013 283.28 | 2048 0 88
3224-
10/15/2013 1513.2 | 2048 0 86
3224-
10/17/2013 1844.68 | 2048 0 78
3224- -
10/21/2013 487.34 | 2048 81
3224-
10/28/2013 1159.58 | 2048 0
0540-
10/30/2013 900 | 2001 0 85
0540-
11/21/2013 1850 | 2001 0 75
0666-
10/21/2013 914 | 2005 - 81
0666-
10/22/2013 103 | 2005 0
Project Number 0074-06-222
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
9/20/2015 4874 | 6003 0 88
0354-
9/21/2015 4874 | 6003 0 88
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0354-

9/22/2015 6007 | 6003 90
0354-

9/23/2015 6370 | 6003 89
0354-

9/24/2015 1794 | 6003 90
0354-

9/27/2015 4094 | 6003 88
0354-

9/28/2015 5422 | 6003 92
0354-

9/29/2015 6383 | 6003 94
0354-

9/30/2015 2722 | 6003 95
0354-

10/1/2015 2226 | 6003 95
0354-

10/4/2015 2528 | 6003 86
0354-

10/5/2015 3375 | 6003 89
0354-

10/6/2015 4400 | 6003 89
0354-

10/7/2015 4908 | 6003 89
0354-

10/12/2015 3719 | 6003 93
0354-

10/13/2015 6267 | 6003 94
0354-

10/14/2015 4227 | 6003 94
0354-

10/15/2015 7129 | 6003 90
0354-

10/16/2015 1161 | 6003 87
0354-

10/19/2015 4644 | 6003 83
0354-

10/20/2015 5543 | 6003 87
0354-

10/21/2015 4117 | 6003 87
0354-

10/26/2015 7447 | 6003 80
0354-

10/27/2015 7351 | 6003 82
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0354-

10/28/2015 7447 | 6003 92
0354-
10/29/2015 7050 | 6003 85
0354-
11/2/2015 2841 | 6003 81
0354-
11/3/2015 3114 | 6003 83
0354-
11/4/2015 6535 | 6003 84
0354-
11/5/2015 5111 | 6003
0354-
11/8/2015 7143 | 6003 74
0354-
11/9/2015 2333 | 6003 77
0354-
11/10/2015 7181 | 6003 84
0316-
9/20/2015 1350 | 6001 88
0316-
9/21/2015 1350 | 6001 88
0316-
9/22/2015 1500 | 6001 90
0316-
9/23/2015 1680 | 6001 89
0316-
9/24/2015 450 | 6001 90
0316-
9/27/2015 1100 | 6001 88
0316-
9/28/2015 1450 | 6001 92
0316-
9/29/2015 1650 | 6001 94
0316-
9/30/2015 700 | 6001 95
0316-
10/1/2015 650 | 6001 95
0316-
10/4/2015 750 | 6001 86
0316-
10/5/2015 950 | 6001 89
0316-
10/6/2015 1250 | 6001 89
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0316-

10/7/2015 1206 | 6001 0 89
0316-
10/12/2015 1100 | 6001 0 93
0316-
10/13/2015 1700 | 6001 0 94
0316-
10/14/2015 1150 | 6001 0 94
0316-
10/15/2015 1950 | 6001 0 90
0316-
10/16/2015 300 | 6001 0 87
0316-
10/19/2015 1300 | 6001 0 83
0316-
10/20/2015 1500 | 6001 0 87
0316- -
10/21/2015 1050 | 6001 87
0316-
10/26/2015 1900 | 6001 0 80
0316-
10/27/2015 1900 | 6001 0 82
0316-
10/28/2015 1950 | 6001 0 92
0316-
10/29/2015 1900 | 6001 0 85
0316-
11/1/2015 550 | 6001 0.03 82
0316-
11/2/2015 750 | 6001 0 81
0316-
11/3/2015 850 | 6001 0 83
0316-
11/4/2015 1750 | 6001 0 84
0316-
11/5/2015 1350 | 6001 0
0316-
11/8/2015 1950 | 6001 0 74
0316-
11/9/2015 650 | 6001 0 77
0316-
11/10/2015 1844 | 6001 0 84
0341-
9/20/2015 681.99 | 6089 0 88
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0341-

9/21/2015 681.99 | 6089 88
0341-

9/22/2015 845.8 | 6089 90
0341-

9/23/2015 859.19 | 6089 89
0341-

9/24/2015 257.1 | 6089 90
0341-

9/27/2015 588.05 | 6089 88
0341-

9/28/2015 752.56 | 6089 92
0341-

9/29/2015 870.41 | 6089 94
0341-

9/30/2015 396.23 | 6089 95
0341-

10/1/2015 303.06 | 6089 95
0341-

10/4/2015 379.31 | 6089 86
0341-

10/5/2015 540.97 | 6089 89
0341-

10/6/2015 586.77 | 6089 89
0341-

10/7/2015 645.07 | 6089 89
0341-

10/12/2015 562.18 | 6089 93
0341-

10/13/2015 794.47 | 6089 94
0341-

10/14/2015 634.27 | 6089 94
0341-

10/15/2015 961.4 | 6089 90
0341-

10/16/2015 164.19 | 6089 87
0341-

10/19/2015 610.09 | 6089 83
0341-

10/20/2015 801.96 | 6089 87
0341-

10/21/2015 569.38 | 6089 87
0341-

10/26/2015 1018.35 | 6089 80
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0341-

10/27/2015 1015.64 | 6089 0 82
0341-
10/28/2015 1019.65 | 6089 0 92
0341-
10/29/2015 1002.75 | 6089 0 85
0341-
11/1/2015 299.94 | 6089 0.03 82
0341-
11/2/2015 402.97 | 6089 0 81
0341-
11/3/2015 451.67 | 6089 0 83
0341-
11/4/2015 928.4 | 6089 0 84
0341-
11/5/2015 668.22 | 6089 0
0341-
11/8/2015 974.77 | 6089 0 74
0341-
11/9/2015 332.56 | 6089 0 77
0341-
11/10/2015 903.88 | 6089 0 84
0351-
9/28/2015 534 | 6019 0 92
0351-
9/30/2015 200 | 6019 0 95
0351-
11/9/2015 306 | 6019 0 77
0348-
12/2/2015 632 | 6009 0 60
0348-
12/3/2015 663 | 6009 0 64
0348-
12/4/2015 652 | 6009 0 64
0348-
12/5/2015 768 | 6009 0 68
0348-
12/6/2015 383 | 6009 0 75
0348-
12/7/2015 761 | 6009 0 73
0348-
12/16/2015 527 | 6009 0 72
0348-
12/17/2015 710 | 6009 0 69
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0348-

12/18/2015 237 | 6009 61
0348-

12/19/2015 683 | 6009 73
0348-

12/20/2015 616 | 6009 78
0348-

12/21/2015 730 | 6009 77
0348-

12/22/2015 285 | 6009 78
0348-

1/22/2016 0.13 | 6009 65
0438-

12/21/2015 774 | 6001 77
0438-

1/22/2016 766 | 6001 65
0438-

3/23/2016 221 | 6001 79
0438-

7/31/2016 880 | 6001 95
0666-

1/20/2016 12810 | 6315 77
0666-

3/31/2016 11498 | 6315 90
0432-

9/27/2015 10 | 6001 88
0432-

9/28/2015 10 | 6001 92
0432-

9/29/2015 20 | 6001 94
0432-

9/30/2015 10 | 6001 95
0432-

10/1/2015 10 | 6001 95
0432-

10/4/2015 10 | 6001 86
0432-

10/5/2015 14.5 | 6001 89
0432-

10/6/2015 18.5 | 6001 89
0432-

10/7/2015 16 | 6001 89
0432-

10/12/2015 9 | 6001 93
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0432-

10/20/2015 10 | 6001 0 87
0432- -

10/21/2015 14.5 | 6001 87
0432-

10/26/2015 10 | 6001 0 80
0432-

10/27/2015 17 | 6001 0 82
0432-

10/28/2015 17 | 6001 0 92
0432-

10/29/2015 10 | 6001 0 85
0432-

11/1/2015 15.5 | 6001 0.03 82
0432-

11/2/2015 8 | 6001 0 81
0636-

3/21/2016 741 | 6009 0 66
0636-

3/22/2016 453.75 | 6009 0 77
0636-

3/23/2016 737.5 | 6009 0 79
0636-

3/24/2016 913 | 6009 0 75
0636-

4/29/2016 97.75 | 6009 0 84
0644-

3/21/2016 5| 6001 0 66
0644-

3/22/2016 1] 6001 0 77
0644-

3/23/2016 4 | 6001 0 79
0644-

3/28/2016 2 | 6001 0 72
0644-

3/31/2016 8 | 6001 0 90
0644-

4/29/2016 1| 6001 0 84

Project Number 0086-19-030
Reported Item

Date Qty Code PRCP | TMAX | WSFG
0464-

11/26/2014 448 | 2003 0 74
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0464-

1/30/2015 784 | 2003 0 66
0464-

2/26/2015 204 | 2003 0 67
0464-

3/3/2015 16 | 2003 0.01 68
0464-

7/29/2015 144 | 2003 0 97
0464-

9/19/2015 8 | 2003 0 89
.

1/22/2015 9 | 2002 71
0112-

3/30/2015 10 | 2002 0 80
0112-

3/31/2015 30 | 2002 0 80
0112-

4/30/2015 13 | 2002 0 81
0112-

5/28/2015 50 | 2002 0 88
0247-

1/30/2015 2862.702 | 2366 0 66
0247-

2/26/2015 68 | 2366 0 67
0247-

3/30/2015 456 | 2366 0 80
0247-

4/30/2015 2198 | 2366 0 81
0247-

5/28/2015 2421.3 | 2366 0 88
0354-

6/12/2015 32086 | 2048 0 92
0316-

6/12/2015 6945 | 2015 0 92
0316-

6/16/2015 3450 | 2015 0 90
0316-

6/22/2015 190 | 2015 0 89
0316-

7/31/2015 530 | 2015 101
0351-

6/25/2015 2043 | 2002 91
0351-

7/31/2015 2042 | 2002 101
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0316-

6/12/2015 9280 | 2403 0 92
0316- -
6/25/2015 5540 | 2403 91
0316-
6/26/2015 275 | 2403 0 91
0316-
7/14/2015 1325 | 2403 0 95
3268-
6/29/2015 1278.44 | 2042 0 91
3268- -
6/30/2015 579.39 | 2042 89
3268-
7/2/2015 345.88 | 2042 0 89
3268-
7/3/2015 647.84 | 2042 0 91
3268-
7/6/2015 905.12 | 2042 0 92
3268- -
7/31/2015 5462.97 2042 101
3268-
8/26/2015 2.31 | 2042 0 91
8251-
7/31/2015 27564 | 2017 101
Project Number 100-07-045
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
8/18/2009 12805 | 2045 0 97
0318-
8/24/2009 151.34 | 2002 0 100
0318-
8/25/2009 144.82 | 2002 0 99
0318-
8/26/2009 123.43 | 2002 0 98
0318-
8/27/2009 50.22 | 2002 0 98
0341-
9/14/2009 817.2 | 2032 0 92
0341-
9/15/2009 1439.16 | 2032 0 95
0341-
9/16/2009 1486.89 | 2032 0 96
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0341-

9/17/2009 1139.06 | 2032 0 95
0341-
9/18/2009 966.35 | 2032 0 93
0341-
9/21/2009 907.38 | 2032 0 94
0341-
9/25/2009 566.75 | 2032 0 85
0341-
9/29/2009 519.47 | 2032 0.18 87
0341-
10/16/2009 1034.57 | 2032 0 84
0341-
10/17/2009 1087.96 | 2032 0 80
0341-
10/19/2009 1442.85 | 2032 0 83
0341-
10/20/2009 1625.89 | 2032 0.06 85
0341-
10/23/2009 938.79 | 2032 0 79
0341-
10/27/2009 944.72 | 2032 0 73
0341-
10/28/2009 293.14 | 2032 0 83
0341-
10/29/2009 1107.72 | 2032 0.03 86
0341-
10/30/2009 1153.81 | 2032 0 73
0341-
11/3/2009 892.86 | 2032 0 76
0341-
11/4/2009 697.82 | 2032 0.01
0341-
11/5/2009 812.46 | 2032 0 78
0341-
11/6/2009 784.79 | 2032 0.01
0341-
11/9/2009 145.42 | 2032 0.01
0341-
11/10/2009 986.44 | 2032 0 81
0341-
11/11/2009 1268.39 | 2032 0 80
0341-
11/12/2009 796.22 | 2032 0 77
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0341-
11/13/2009 679.52 | 2032 0.01 80
0341-
11/16/2009 913.8 | 2032 0 76
0341-
11/17/2009 846.7 | 2032 0 70
0341-
11/18/2009 875.1 | 2032 0 71
0341-
11/19/2009 752.22 | 2032 1.64 78
0540-
8/19/2009 200 | 2001 0 99
0540-
8/20/2009 325 | 2001 0 99
0540-
8/31/2009 1175 | 2001 0 95
0540-
9/14/2009 875 | 2001 0 92
0540-
9/15/2009 175 | 2001 0 95
0540-
9/17/2009 350 | 2001 0 95
0540-
10/5/2009 100 | 2001 0 93
0540-
10/14/2009 625 | 2001 0 93
0540-
11/30/2009 275 | 2001 0.24
Project Number 0101-01-066
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
10/19/2015 8444 | 6113 0 83
0354-
10/20/2015 14731 | 6113 0 87
0354-
10/28/2015 23175 | 6113 0 92
0354-
11/6/2015 333 | 6113
0354-
11/9/2015 25707 | 6113 0 77
0354-
11/10/2015 20641 | 6113 0 84
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0354-

11/19/2015 24020 | 6113 0 79
0354-
12/1/2015 21956 | 6113 0.01 56
0354-
12/2/2015 3088 | 6113 0 60
0354-
12/9/2015 16889 | 6113 0 83
0354-
12/10/2015 15366 | 6113 0 87
0354-
12/28/2015 24280.33 | 6113 0 59
0354-
1/4/2016 24440 | 6113 0 63
0354-
1/6/2016 8600 | 6113 70
0351-
10/21/2015 6667 | 6012 87
0351-
10/29/2015 13334 | 6012 0 85
0351-
11/11/2015 13333 | 6012 0 85
0351-
12/3/2015 6933 | 6012 0 64
0351-
12/11/2015 9141 | 6012 0 83
0351-
12/29/2015 6865.33 | 6012 0 55
0351-
1/5/2016 4857 | 6012 0 62
0351-
1/7/2016 9693 | 6012 0 69
0351-
1/12/2016 855 | 6012 0 66
0316-
3/31/2016 600 | 6001 0 90
0316-
412712016 2470 | 6001 0 86
0316- -
10/21/2015 2150 | 6001 87
0316-
10/26/2015 3800 | 6001 0 80
0316-
10/27/2015 2600 | 6001 0 82
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0316-

11/2/2015 3900 | 6001 0 81
0316-
11/3/2015 3800 | 6001 0 83
0316- -
11/12/2015 5150 | 6001 75
0316-
11/13/2015 3450 | 6001 0 72
0316-
11/14/2015 6800 | 6001 0 77
0316-
11/17/2015 2400 | 6001 IIIIII 80
0316-
11/18/2015 950 | 6001 0 77
0316-
11/23/2015 2500 | 6001 0 65
0316-
11/24/2015 4550 | 6001 0 76
0316-
11/25/2015 2650 | 6001 IIIIIII 73
0316-
12/4/2015 5750 | 6001 0 64
0316-
12/7/2015 5350 | 6001 0 73
0316-
12/14/2015 5150 | 6001 0 76
0316-
12/15/2015 1550 | 6001 0 80
0316-
12/16/2015 6800 | 6001 0 72
0316-
1/8/2016 4650 | 6001 0 67
0316-
1/9/2016 4650 | 6001 0 66
0316-
1/13/2016 5050 | 6001 0 67
0316-
1/14/2016 4350 | 6001 0 73
0316-
1/15/2016 4650 | 6001 0 80
0316-
1/18/2016 4100 | 6001 0 69
0316-
4/27/2016 6880 | 6001 0 86
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0341-

10/26/2015 471.04 | 6042 80
0341-
10/27/2015 1694.71 | 6042 82
0341-
11/2/2015 190.76 | 6042 81
0341-
11/4/2015 1526.92 | 6042 84
0341-
11/5/2015 1246.67 | 6042
0341-
11/6/2015 46.86 | 6042
0341-
11/12/2015 989.33 | 6042 75
0341-
11/13/2015 1508.02 | 6042 72
0341-
11/14/2015 1392.28 | 6042 77
0341-
11/16/2015 281.83 | 6042 84
0341-
11/17/2015 232.19 | 6042 80
0341-
11/20/2015 47.37 | 6042 78
0341-
11/24/2015 1434.53 | 6042 76
0341-
11/25/2015 613.63 | 6042 73
0341-
12/2/2015 232.41 | 6042 60
0341-
12/3/2015 46.41 | 6042 64
0341-
12/4/2015 1085.89 | 6042 64
0341-
12/8/2015 1310.99 | 6042 74
0341-
12/14/2015 711.57 | 6042 76
0341-
12/15/2015 1265.3 | 6042 80
0341-
12/16/2015 1293.41 | 6042 72
0341-
12/17/2015 1007.39 | 6042 69
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0341-

12/18/2015 234.36 | 6042 0 61
0341-

1/5/2016 71.37 | 6042 0 62
0341-

1/8/2016 983.57 | 6042 0 67
0341-

1/9/2016 1073.62 | 6042 0 66
0341-

1/13/2016 1193.84 | 6042 0 67
0341-

1/14/2016 1109.33 | 6042 0 73
0341-

1/15/2016 1075 | 6042 0 80
0341-

1/18/2016 373.65 | 6042 0 69
0341-

1/19/2016 561.8 | 6042 0 74
0341-

3/28/2016 1030.57 | 6042 0 72
0341-

4/29/2016 45.97 | 6042 0 84
0341-

5/26/2016 1.68 | 6042 0 87
0438-

2/12/2016 308 | 6001 0 76
0666-

11/19/2015 16950 | 6011 0 79
0666-

12/15/2015 7810 | 6011 0 80
0666-

12/29/2015 9664 | 6011 0 55
0666-

1/21/2016 15598 | 6011 0 79
0666-

5/6/2016 6410 | 6011 0 84

Project Number 0101-05-035
Reported Item
Date Qty Code PRCP | TMAX | WSFG

0354-

3/29/2016 5200 | 6051 0 77
0354-

3/23/2016 17750 | 6051 0 79
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0354-

1/29/2016 74039 | 6051 0 78
0316-
3/29/2016 12075 | 6010 0 77
0316-
3/31/2016 7515 | 6010 0 90
0316-
4/26/2016 25920 | 6010 0 84
0316-
4/28/2016 2000 | 6010 0 85
0316-
5/23/2016 10875 | 6010 0 86
0316-
6/1/2016 25 | 6010 88
0316-
3/23/2016 6125 | 6010 0 79
0316-
1/25/2016 475 | 6010 0 77
0316-
2/24/2016 26615 | 6010 0 69
0316-
1/20/2016 12225 | 6010 0 77
0341-
4/26/2016 9249.8 | 6042 0 84
0341-
4/29/2016 1162.42 | 6042 0 84
0341-
5/23/2016 4770.62 | 6042 0 86
0341-
3/23/2016 1690.39 | 6042 0 79
0666-
5/23/2016 24225 | 6011 0 86
0666-
3/23/2016 2957 | 6011 0 79
0666- -
5/31/2016 647 | 6011 89
0666-
3/23/2016 18607 | 6011 0 79
0666- -
5/31/2016 1075 | 6011 89
0666-
11/23/2015 9839 | 6011 0 65
0666-
12/28/2015 7661 | 6011 0 59

265




0666-
12/31/2015 8| 6011 0 58
Project Number 0101-03-082
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
5/29/2012 117643 | 2045 0 90
0316-
5/30/2012 25550 | 2403 0 89
0316-
6/26/2012 93875 | 2403 0 106
3224-
6/26/2012 9482.85 | 2027 0 106
3224-
6/27/2012 3222.96 | 2027 0 101
3224-
6/28/2012 2385.1 | 2027 0 97
3224-
7/26/2012 24787.15 | 2027 0 95
0530-
7/26/2012 6630 | 2017 0 95
Project Number 0101-04-108
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
4/25/2011 59875 | 2041 0 84
0354-
4/28/2011 14968.75 | 2041 0 79
0354-
5/31/2011 44906.25 | 2041 0 89
0341-
5/11/2011 888.1 | 2104 0 84
0341- -
5/12/2011 1101.49 | 2104 83
0341-
5/16/2011 1280.26 | 2104 0 81
0341-
5/17/2011 1161.38 | 2104 0 83
0341-
5/18/2011 842.49 | 2104 0 82
0341-
5/19/2011 661.96 | 2104 0 85
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0341-

5/20/2011 1361.59 | 2104 0 88
0341-

5/23/2011 903.4 | 2104 0 90
0341-

5/24/2011 1797.9 | 2104 0 93
0341-

5/25/2011 1604.81 | 2104 0 94
0341-

5/26/2011 688.96 | 2104 0 95
0316-

4/13/2011 3050 | 2403 0 80
0316-

4/14/2011 6820 | 2403 0 82
0316-

4/17/2011 2010 | 2403 0 79
0316-

4/18/2011 4385 | 2403 0 84
0316-

4/19/2011 3340 | 2403 0 84
0316-

4/20/2011 1595 | 2403 0 83
0316-

4/25/2011 2440 | 2403 0 84
0316-

4/26/2011 3220 | 2403 0 85
0316-

4/27/2011 2340 | 2403 0 96
0316-

4/28/2011 2670 | 2403 0 79
0316-

5/2/2011 2720 | 2403 - 77
0316-

5/10/2011 6260 | 2403 0 90

Project Number 0254-01-130
Reported Item
Date Qty Code PRCP | TMAX | WSFG

0354-

5/31/2011 27463.5 | 2045 0 94
0354-

6/1/2011 244 | 2045 0 91
0354-

6/6/2011 8118.5 | 2045 0 97
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0354-

6/7/2011 9251 | 2045 96
0354-

6/8/2011 2196 | 2045 95
0351-

5/31/2011 6053 | 2002 94
0351-

6/9/2011 2792 | 2002 90
0316-

5/31/2011 5740 | 2403 94
0316-

6/1/2011 2300 | 2403 91
0316-

6/2/2011 450 | 2403 87
0316-

6/3/2011 400 | 2403 89
0316-

6/9/2011 3350 | 2403 90
0316-

6/11/2011 2350 | 2403 95
0662-

5/31/2011 1012 | 2115 94
0662-

6/1/2011 524 | 2115 91
0662-

6/6/2011 351 | 2115 97
0662-

6/7/2011 68 | 2115 96
0662-

6/10/2011 694 | 2115 95
0341-

5/31/2011 988.65 | 2064 94
0341-

6/2/2011 1047.86 | 2064 87
0341-

6/3/2011 902.88 | 2064 89
0341-

6/10/2011 1068.14 | 2064 95
0341-

6/13/2011 1107.35 | 2064 96
0341-

6/14/2011 233.08 | 2064 98
0530-

6/15/2011 1964 | 2005 96
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0666-

6/18/2011 523 | 2035 0 97
0644-

7/20/2011 21 | 2022 0 97

Project Number 0254-01-137
Reported Item
Date Qty Code PRCP | TMAX | WSFG

1122-

9/18/2015 1780 | 2049 89
0351-

4/28/2015 31079 | 2002 0.03 78
0351-

7/21/2015 234 | 2002 0 90
0351-

7/30/2015 1382.66 | 2002 0 99
0351-

7/31/2015 2513.34 | 2002 101
0351-

8/6/2015 3556.34 | 2002 0 91
0351-

8/25/2015 1066.66 | 2002 0 97
0351-

11/11/2015 0.01 | 2002 0 85
0351-

11/12/2015 4666.67 | 2002 75
0351-

12/8/2015 73.33 | 2002 0 74
0530-

6/27/2015 2123 | 2073 0 90
0316-

8/3/2015 19262 | 2403 2.09 90
0316-

8/4/2015 4575 | 2403 0 92
0316-

8/5/2015 16200 | 2403 0 94
0316-

8/6/2015 12600 | 2403 0 95
0316-

8/7/2015 3300 | 2403 0 95
0316-

11/11/2015 750 | 2403 0 85
0316-

11/13/2015 1700 | 2403 0 68
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0316-
3/2/2016 134 | 2403 0 77
0540-
6/1/2015 400 | 2001 0 85
0540-
6/2/2015 175 | 2001 0 86
0540-
6/6/2015 175 | 2001 0 87
0540-
6/26/2015 425 | 2001 0 90
0666-
10/2/2015 3903 | 2035 0 85
0666-
10/6/2015 505 | 2035 0 86
0666-
12/17/2015 1170 | 2035 0 69
0666-
3/1/2016 30 | 2035 0 86
Project Number 0348-06-023
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0275-
9/17/2015 4302.2 | 6038 0 90
0275- -
9/18/2015 4124.4 | 6038 89
0275-
9/21/2015 3946.6 | 6038 0 87
0275-
9/22/2015 3946.6 | 6038 0 89
0275-
10/13/2015 12799.94 | 6038 0 90
0275-
10/19/2015 4088.9 | 6038 0 83
0275- -
10/21/2015 4444.44 | 6038 88
0275-
10/27/2015 4444.44 | 6038 83
0275-
2/3/2016 3314 | 6038 0 67
0275-
2/4/2016 3314 | 6038 0 62
0275-
2/8/2016 3314 | 6038 0 72
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0275-
2/9/2016 3314 | 6038 0 72
0275-
2/10/2016 3314 | 6038 0 69
0275-
2/11/2016 3314 | 6038 0 75
0275-
2/15/2016 3314 | 6038 0 82
0275-
2/16/2016 3314 | 6038 0 76
0275-
2/17/2016 3314 | 6038 0 73
0275-
2/18/2016 3314 | 6038 0 77
0275-
2/24/2016 2631 | 6038 0 69
0275-
2/26/2016 2631 | 6038 0 67
0275-
3/31/2016 3313.78 | 6038 0 90
0275-
4/1/2016 3314 | 6038 0 76
0275-
414/2016 3314 | 6038 0 79
0275-
4/5/2016 3314 | 6038 0 77
0275-
4/6/2016 3314 | 6038 0 81
0275-
4/7/2016 3314 | 6038 0 81
0275-
4/11/2016 4985 | 6038 0.01 80
0275-
4/12/2016 4985 | 6038 0.02 80
0275-
4/13/2016 4971 | 6038 0.02 81
0275-
4/14/2016 4971 | 6038 0 80
0275-
5/26/2016 34161.78 | 6038 0 88
0275- -
6/6/2016 10666.67 | 6038 87
0275-
7/12/2016 4977.7 | 6038 0 92
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0275-

7/13/2016 4977.7 | 6038 0 93
0275-

7/14/2016 4977.7 | 6038 0 93
0275-

7/15/2016 4977.77 | 6038 0 94
0275-

7/19/2016 4977.77 | 6038 0 94
0275-

7/20/2016 4977.77 | 6038 0 94
0275-

7/21/2016 3338.6 | 6038 0 94
0275-

7/22/2016 3338.6 | 6038 0 94
0275-

9/14/2016 4977.77 | 6038 0 92
0275-

9/15/2016 4977.77 | 6038 92
0275-

9/19/2016 5066.66 | 6038 0 94
0275-

9/20/2016 5066.66 | 6038 0 94
0275-

9/22/2016 3313.77 | 6038 1.98 91
0275-

9/23/2016 3313.77 | 6038 0.02 92
0275-

9/28/2016 3352.88 | 6038 0 88
0275-

9/29/2016 3352.88 | 6038 0 90
0275-

10/12/2016 5066.66 | 6038 0 89
0275-

10/13/2016 5066.66 | 6038 0 89
0275-

12/13/2016 2400 | 6038 0 76
0275-

12/14/2016 2400 | 6038 0 66
5001-

9/28/2015 17774 | 6002 0 89
5001-

10/13/2015 19054.2 | 6002 0 90
5001-

11/13/2015 8629.3 | 6002 0 72
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5001-

2/9/2016 4978 | 6002 0 72
5001-
2/10/2016 1422 | 6002 0 69
5001-
2/11/2016 5689 | 6002 0 75
5001-
2/15/2016 4622 | 6002 0 82
5001-
2/17/2016 1778 | 6002 0 73
5001-
2/18/2016 5333 | 6002 0 77
5001-
2/29/2016 6400 | 6002 0 78
5001-
3/1/2016 5689 | 6002 0 80
5001-
3/2/2016 2489 | 6002 0 77
5001-
4/6/2016 6044 | 6002 0 81
5001-
4/7/2016 6756 | 6002 0 81
5001-
4/11/2016 4622 | 6002 0.01 80
5001-
4/13/2016 7822 | 6002 0.02 81
5001-
4/14/2016 3911 | 6002 0 80
5001-
4/19/2016 6400 | 6002 0 80
5001-
4/20/2016 3733 | 6002 0 82
5001-
5/26/2016 34666.67 | 6002 0 88
5001-
6/16/2016 9244.44 | 6002 0 91
5001-
7/28/2016 31644.4 | 6002 0 95
5001-
8/1/2016 3911.11 | 6002 0
5001-
8/26/2016 4764.43 | 6002 0 92
5001-
9/19/2016 2844.44 | 6002 0 94
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5001-
9/20/2016 35555.55 | 6002 0 94
5001-
9/21/2016 3022.22 | 6002 0 93
5001-
9/22/2016 387.02 | 6002 1.98 91
5001-
12/15/2016 266.66 | 6002 0 63
5001- -
12/16/2016 1777.77 | 6002 76
5001-
12/19/2016 3200 | 6002 0 48
5001-
12/20/2016 711.11 | 6002 0 54
0247-
9/28/2015 2869.27 | 6041 0 89
0247-
10/13/2015 2602.07 | 6041 0 920
0247-
10/20/2015 5059.5 | 6041 0 85
0247-
11/13/2015 1447.3 | 6041 0 72
0247-
12/23/2015 568.62 | 6041 0 82
0247-
2/9/2016 667 | 6041 0 72
0247-
2/10/2016 190.5 | 6041 0 69
0247-
2/11/2016 762.5 | 6041 0 75
0247-
2/15/2016 320.5 | 6041 0 82
0247-
2/17/2016 238.25 | 6041 0 73
0247-
2/18/2016 714.75 | 6041 0 77
0247-
2/19/2016 571.8 | 6041 0 78
0247-
2/24/2016 667 | 6041 0 69
0247-
2/29/2016 857.5 | 6041 0 78
0247-
3/1/2016 762.5 | 6041 0 80
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0247-

3/2/2016 834 | 6041 0 77
0247-

3/3/2016 667 | 6041 0 83
0247-

3/7/2016 810.05 | 6041 0 79
0247-

3/8/2016 619 | 6041 0.01 77
0247-

3/15/2016 858 | 6041 0 82
0247-

3/16/2016 239 | 6041 0 79
0247-

4/6/2016 810 | 6041 0 81
0247-

4/7/2016 905.5 | 6041 0 81
0247-

4/11/2016 619.5 | 6041 0.01 80
0247-

4/13/2016 1048.5 | 6041 0.02 81
0247-

4/14/2016 810.05 | 6041 0 80
0247-

4/19/2016 1238.9 | 6041 0 80
0247-

4/20/2016 881.53 | 6041 0 82
0247-

4/22/2016 542 | 6041 0 84
0247-

4/28/2016 4217.025 | 6041 0 85
0247-

5/26/2016 4645.88 | 6041 0 88
0247-

6/27/2016 7123.7 | 6041 0 91
0247-

7/28/2016 5636.02 | 6041 0 95
0247-

8/26/2016 4306.6 | 6041 0 92
0247-

9/19/2016 381.2 | 6041 0 94
0247-

9/20/2016 476.5 | 6041 0 94
0247-

9/21/2016 405.02 | 6041 0 93
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0247-

9/22/2016 4765 | 6041 1.98 91
0247-

9/23/2016 667.1 | 6041 0.02 92
0247-

9/27/2016 238.25 | 6041 0 83
0247-

9/28/2016 333.55 | 6041 0 88
0247-

9/29/2016 905.35 | 6041 0 90
0247-

9/30/2016 524.15 | 6041 0 83
0247-

10/3/2016 405.02 | 6041 0 88
0247-

10/4/2016 571.8 | 6041 0 89
0247-

10/5/2016 619.45 | 6041 0 90
0247-

10/6/2016 643.28 | 6041 0 90
0247- -

10/7/2016 285.9 | 6041 88
0247-

10/10/2016 643.27 | 6041 0 84
0247-

10/11/2016 500.32 | 6041 0 86
0247-

10/12/2016 405.02 | 6041 0 89
0247-

10/13/2016 476.5 | 6041 0 89
0247-

10/19/2016 547.97 | 6041 0 90
0247-

10/20/2016 285.9 | 6041 92
0247-

10/21/2016 405.02 | 6041 0 77
0247-

10/25/2016 595.62 | 6041 0 86
0247-

12/15/2016 133.5 | 6041 0 63
0247-

12/16/2016 371.75 | 6041 76
0247-

12/19/2016 428.85 | 6041 0 48

276




0247-

12/20/2016 333.55 | 6041 0 54
0247-
1/4/2017 333.55 | 6041 0 62
0247-
1/5/2017 214.42 | 6041 0 65
0247-
1/6/2017 157.25 | 6041 0 56
0247-
3/28/2017 1990.125 | 6041 0
0316-
11/9/2015 12230 | 6015 0 77
0316-
3/29/2016 10165 | 6015 0 77
0316-
5/12/2016 6520 | 6015 0 86
0316-
5/13/2016 6400 | 6015 0 86
0316-
7/7/2016 5240 | 6015 0 93
0316-
7/8/2016 7820 | 6015 0 92
0316-
7/11/2016 1360 | 6015 0 93
0316-
9/12/2016 12720 | 6015 0
0316-
10/19/2016 8680 | 6015 0 90
0316-
10/21/2016 8240 | 6015 0 77
0316-
10/24/2016 9580 | 6015 0 87
0316-
10/25/2016 3300 | 6015 0 86
0316-
10/28/2016 7860 | 6015 0 86
0316-
10/29/2016 5640 | 6015 0 85
0316- -
10/31/2016 4520 | 6015 84
0316-
11/1/2016 6760 | 6015 0 87
0316- -
11/2/2016 3040 | 6015 87
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0134-
10/20/2015 46.49 | 6004 0 85
0134-
11/13/2015 53.5 | 6004 0 72
0134-
1/27/2016 27.5 | 6004 0 61
0134-
4/4/2016 109 | 6004 0 79
0134-
6/30/2016 106 | 6004 0 91
0134-
11/28/2016 233.622 | 6004 0 90
0134-
3/28/2017 144.028 | 6004 0
0666-
11/11/2016 46150 | 6303 0 77
0666-
11/12/2016 59320 | 6303 0 73
0666-
2/7/2017 28286 | 6303 0 81
0666-
3/9/2017 11764 | 6303 76
0672-
3/10/2017 1175 | 6009 73
0672-
3/17/2017 254 | 6009 0
0164-
2/28/2017 39140.444 | 6023 0 80
0164-
3/28/2017 | 114994.667 | 6023 0
Project Number 0371-02-066
Reported Item
Date Qty Code PRCP | TMAX [ WSFG
0354-
25/8/2009 19688.7 | 2045 0 99
0351-
25/8/2009 280 | 2006 0 99
0318-
25/8/2009 362.82 | 2002 0 99
0318-
29/12/2009 4.48 | 2002 52
0341-
28/9/2009 8884.21 | 2064 100
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0341-

29/9/2009 939.71 | 2064 0.02 95
0341-

27/10/2009 9560.38 | 2064 0 77
0134-

29/9/2009 110 | 2001 0.02 95
0134-

27/10/2009 90 | 2001 0 77
0134-

4/11/2009 20.01 | 2001 0.01

0432-

25/8/2009 104.3 | 2040 0 99
6110-

27/10/2009 45228 | 2002 0 77
6110-

29/10/2009 1446 | 2002 0.03 86

Project Number 0371-03-114
Reported Item
Date Qty Code PRCP | TMAX | WSFG

0354-

4/22/2013 7813 | 2045 0 87
0354-

4/23/2013 12474 | 2045 0 85
0354-

4/25/2013 7666 | 2045 0.02 70
0354-

4/29/2013 6833 | 2045 79
0354-

4/30/2013 12563.2 | 2045 80
0354-

5/8/2013 13034 | 2045 0 81
0354-

5/9/2013 15157 | 2045 0 80
0354-

5/10/2013 5867 | 2045 78
0354-

5/13/2013 13377 | 2045 0 79
0354-

5/14/2013 15148 | 2045 0 82
0354-

5/20/2013 14778 | 2045 0 85
0354-

5/21/2013 15168 | 2045 0 85
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0354-

5/22/2013 15587 | 2045 0 85
0354-

5/30/2013 15976 | 2045 0 88
0354-

5/31/2013 13063 | 2045 0 90
0354-

6/3/2013 15178 | 2045 0 88
0354-

6/4/2013 15166 | 2045 0 87
0354-

6/5/2013 17202 | 2045 0 89
0354-

6/6/2013 15075 | 2045 0 91
0316-

4/23/2013 1850 | 2403 0 85
0316-

4/25/2013 1250 | 2403 0.02 70
0316-

4/29/2013 1825 | 2403 - 79
0316-

5/1/2013 2050 | 2403 0 86
0316-

5/6/2013 4435 | 2403 0 77
0316-

5/7/2013 5145 | 2403 0 79
0316-

5/9/2013 5205 | 2403 0 80
0316-

5/13/2013 5620 | 2403 0 79
0316-

5/14/2013 4680 | 2403 0 82
0316-

5/16/2013 2435 | 2403 0 84
0316-

5/17/2013 3533 | 2403 0 85
0316-

5/21/2013 5375 | 2403 0 92
0316-

5/22/2013 5045 | 2403 0 90
0316-

5/23/2013 3870 | 2403 0 92
0316-

5/24/2013 3415 | 2403 0 93
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0316-

5/31/2013 5290 | 2403 0 90
0316-

6/5/2013 15610 | 2403 0 94
0316-

6/10/2013 5900 | 2403 0 90
0316-

6/13/2013 2600 | 2403 0 91
0316-

6/14/2013 5505 | 2403 0.02 89
0134-

6/25/2013 550 | 2004 0 97
3224-

5/6/2013 1814.3 | 2048 0 77
3224-

5/7/2013 1392.85 | 2048 0 79
3224-

5/8/2013 844.43 | 2048 0 81
3224-

5/16/2013 2016.3 | 2048 0 84
3224-

5/17/2013 1269.44 | 2048 0 85
3224-

5/20/2013 944.61 | 2048 0 85
3224-

5/23/2013 1237.36 | 2048 0 92
3224-

5/24/2013 868.58 | 2048 0 93
3224-

5/28/2013 1795.48 | 2048 0 87
3224- -

5/29/2013 1316.28 | 2048 85
3224-

5/30/2013 671.51 | 2048 0 88
3224-

5/31/2013 673.85 | 2048 0 90
-

6/7/2013 1195.39 | 2048 92
3224-

6/10/2013 1765.44 | 2048 0 90
3224-

6/11/2013 2088.68 | 2048 0 91
3224-

6/17/2013 2002.07 | 2048 0 92
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3224-
6/18/2013 2341.75 | 2048 0 92
3224-
6/19/2013 1835.64 | 2048 0 91
3224-
6/20/2013 586.56 | 2048 0 91
8251-
6/25/2013 54630 | 2018 0 97
Project Number 0371-07-006
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
7/31/2009 15622.25 | 2045 0 97
0354-
8/25/2009 10549 | 2045 0 97
0316-
8/25/2009 141.51 | 2042 0 97
0341-
8/25/2009 10194.44 | 2032 0 97
0134-
8/25/2009 160.5 | 2001 0 97
0134-
10/16/2009 0.01 | 2001 0 82
6110-
8/25/2009 30154 | 2002 0 97
6110-
9/3/2009 795 | 2002 0.21 93
Project Number 0371-04-056
Reported Item
Date Qty Code PRCP | TMAX [ WSFG
0354-
7/15/2010 422 | 2045 0 96
0354-
7/16/2010 422 | 2045 0 96
0351-
7/15/2010 3800 | 2013 0 96
0351-
7/16/2010 5231 | 2013 0 96
0316-
7/16/2010 51.98 | 2042 0 96
0316-
7/17/2010 40.97 | 2042 0 90
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0316-

7/19/2010 51.667 | 2042 IIIIII! 920
0316-

7/20/2010 104.71 | 2042 0 91
0316-

8/2/2010 78.23 | 2042 0 95
0316-

8/3/2010 72.649 | 2042 0 95
0341-

7/17/2010 2386.32 | 2064 0 20
0341- -

7/19/2010 2288.22 | 2064 90
0341-

7/20/2010 2293.23 | 2064 0 91
0341- -

7/26/2010 283.67 | 2064 89
0341-

7/29/2010 1519.99 | 2064 0 95
0341-

7/31/2010 2321.76 | 2064 0 97
0341-

8/2/2010 2443.45 | 2064 0 95
0341-

8/3/2010 2447.31 | 2064 0 95
0341-

8/6/2010 2608 | 2064 0 95
0341-

8/7/2010 2216.79 | 2064 0 95
0341-

8/9/2010 2095.51 | 2064 0 95
0341- -

8/10/2010 904.48 | 2064 93
0341-

8/11/2010 1498.22 | 2064 0 96
0341-

8/16/2010 1317.59 | 2064 0 92
0530-

7/31/2010 5379 | 2017 0 97
0530-

8/16/2010 304.54 | 2017 0 92
0530-

8/19/2010 5074.46 | 2017 0 92
0134-

1/20/2010 435.81 | 2001 0 74
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0134-
7/31/2010 72.635 | 2001 0 97
0134-
8/19/2010 72.635 | 2001 0 92
0540-
1/21/2010 125 | 2001 0.02 75
0540-
1/26/2010 125 | 2001 0 72
8251-
8/11/2010 28841 | 2005 0 96
8251-
8/20/2010 29022 | 2005 0 96
8251-
9/9/2010 245 | 2005 0 87
Project Number 0371-04-061
Reported Item
Date Qty Code PRCP [ TMAX | WSFG
0354-
6/27/2016 1033 | 6020 0 93
0354-
8/31/2016 145 | 6020 0 93
0351-
6/27/2016 10241 | 6013 0 93
0351-
6/27/2016 25281 | 6013 0 93
0344-
7/25/2016 8495.62 | 6119 0 97
0344-
7/27/2016 818.92 | 6119 0 90
0344-
7/28/2016 1011.31 | 6119 0 95
0344-
7/29/2016 1148.81 | 6119 0 96
0344-
8/16/2016 11310.77 | 6119 0.01 86
0666-
8/16/2016 53704 | 6302 0.01 86
0533-
8/31/2016 106867 | 6001 0 93
Project Number 0372-01-093
Reported Item
Date Qty Code PRCP [ TMAX | WSFG
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0354-

11/2/2009 4222 | 2045 78
0354-

11/3/2009 4222 | 2045 78
0351-

11/2/2009 422 | 2004 78
0351-

11/3/2009 422 | 2004 78
0316-

1/21/2010 49.9 | 2042 79
0316-

2/18/2010 7.55 | 2042 60
0316-

2/22/2010 27.12 | 2042 65
0316-

2/25/2010 14.25 | 2042 63
0316-

2/26/2010 24.14 | 2042 71
0316-

3/1/2010 58.19 | 2042 77
0316-

3/2/2010 70.84 | 2042 64
0316-

3/3/2010 30.31 | 2042 69
0316-

3/4/2010 29.36 | 2042 70
0316-

3/5/2010 13.71 | 2042 65
0341-

2/8/2010 1691.32 | 2064 72
0341-

2/18/2010 2154.85 | 2064 60
0341-

2/22/2010 1646.84 | 2064 65
0341-

2/25/2010 898.65 | 2064 63
0341-

2/26/2010 1195.81 | 2064 71
0341-

3/1/2010 909.65 | 2064 77
0341-

3/2/2010 1658.73 | 2064 64
0341-

3/3/2010 1840.04 | 2064 69
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0341-

3/4/2010 1611.47 | 2064 0 70
0341-
3/5/2010 1430.07 | 2064 0 65
0341-
3/6/2010 1986.88 | 2064 0 71
0341-
3/18/2010 1890.97 | 2064 0
0341-
3/19/2010 1291.2 | 2064 0
0341-
3/25/2010 102.66 | 2064 0 75
0530-
2/18/2010 1475.7 | 2017 - 60
0530-
3/22/2010 3934.55 | 2017 0
0530-
3/23/2010 7889.65 | 2017 0
0530-
3/24/2010 2293.32 | 2017 IIIIIII
0530-
3/25/2010 2743.33 | 2017 0 75
0134-
10/7/2009 220.6 | 2001 0 94
0134-
3/31/2010 220.6 | 2001 0 81
0542-
10/5/2009 350 | 2001 0 93
0542-
10/6/2009 150 | 2001 0 95
0542-
10/7/2009 200 | 2001 0 94
0542-
10/8/2009 200 | 2001 0 93
0542-
10/15/2009 150 | 2001 0 96
0542-
10/16/2009 200 | 2001 0 84
0542-
10/19/2009 150 | 2001 0 80
8251-
3/30/2010 40770 | 2017 0 82

Project Number 0373-01-098
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Reported Item
Date Qty Code PRCP | TMAX | WSFG
0354-
8/29/2011 5294.5 | 2045 0 96
0354-
8/30/2011 5294.5 | 2045 0 93
0354-
8/29/2011 6395 | 2045 0 96
0354-
8/30/2011 6395 | 2045 0 93
0316-
8/30/2011 1566 | 2403 0 93
0316-
8/31/2011 1370 | 2403 0 95
0316-
8/30/2011 1724 | 2403 0 93
0316-
8/31/2011 2400 | 2403 0 95
3224-
9/7/2011 1099.43 | 2030 0 90
3224-
10/2/2011 23.49 | 2030 0 85
3224-
9/7/2011 1369.55 | 2030 0 90
8251-
9/8/2011 2388 | 2005 0 92
8251-
9/8/2011 3228 | 2005 0 92
Project Number 0617-01-074
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0450-
5/5/2011 673 | 2013 0 83
0450-
6/10/2011 639 | 2013 0 95
0354-
8/15/2011 9629 | 2045 0 98
0354-
8/16/2011 7400 | 2045 0 98
0354-
8/17/2011 7296 | 2045 0 93
0354-
8/18/2011 6344 | 2045 0 93
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0354-

8/21/2011 6016 | 2045 99
0354-

8/23/2011 8456 | 2045 93
0354-

8/24/2011 3073 | 2045 94
0354-

8/28/2011 6708 | 2045 100
0354-

8/29/2011 5700 | 2045 96
0354-

8/30/2011 6700 | 2045 93
0354-

8/31/2011 5407 | 2045 95
0354-

9/7/2011 12258 | 2045 92
0354-

9/8/2011 7467 | 2045 97
0354-

9/11/2011 5600 | 2045 98
0354-

9/12/2011 4788 | 2045 100
0354-

9/13/2011 14379 | 2045 102
0354-

9/14/2011 12099 | 2045 95
0354-

9/15/2011 8708 | 2045 93
0354-

9/25/2011 13640 | 2045 103
0354-

9/26/2011 6222 | 2045 100
0354-

9/27/2011 9529 | 2045 99
0354-

9/28/2011 8296 | 2045 98
0354-

10/2/2011 11582 | 2045 87
0354-

10/3/2011 8667 | 2045 86
0354-

10/4/2011 12814 | 2045 88
0354-

10/5/2011 3726 | 2045 90
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0354-

10/6/2011 13062 | 2045 0 94
0354-

10/10/2011 6644 | 2045 0 86
0354-

10/12/2011 13512 | 2045 0 95
0354-

10/16/2011 11676 | 2045 0 88
0354-

10/17/2011 6434 | 2045 0 92
0354-

10/18/2011 10634 | 2045 0 82
0354-

10/19/2011 8391 | 2045 0 78
0354-

10/20/2011 15363 | 2045 0 85
0354-

10/24/2011 14417 | 2045 0 90
0354-

10/25/2011 5767 | 2045 0 90
0354-

11/13/2011 14079 | 2045 0 88
0354-

11/15/2011 13689 | 2045 0.06 83
0354-

11/16/2011 9738 | 2045 0 93
0354-

12/1/2011 8612 | 2045 0 83
0316-

8/28/2011 1400 | 2001 0 100
0316-

8/29/2011 1770 | 2001 0 96
0316-

8/30/2011 1525 | 2001 0 93
0316-

8/31/2011 10350 | 2001 0 95
0316-

9/1/2011 1600 | 2001 0 98
0316-

9/6/2011 1340 | 2001 0 95
0316-

9/7/2011 1790 | 2001 0 92
0316-

9/8/2011 1700 | 2001 0 97
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0316-

9/11/2011 1500 | 2001 98
0316-

9/12/2011 1200 | 2001 100
0316-

9/13/2011 3593 | 2001 102
0316-

9/14/2011 3025 | 2001 95
0316-

9/15/2011 2175 | 2001 93
0316-

9/19/2011 790 | 2001 89
0316-

9/25/2011 3410 | 2001 103
0316-

9/26/2011 1555 | 2001 100
0316-

9/27/2011 2380 | 2001 99
0316-

9/28/2011 2070 | 2001 98
0316-

10/2/2011 2895 | 2001 87
0316-

10/3/2011 2166 | 2001 86
0316-

10/4/2011 3200 | 2001 88
0316-

10/5/2011 930 | 2001 90
0316-

10/6/2011 3275 | 2001 94
0316-

10/10/2011 1660 | 2001 86
0316-

10/12/2011 3380 | 2001 95
0316-

10/16/2011 2920 | 2001 88
0316-

10/17/2011 1610 | 2001 92
0316-

10/20/2011 3670 | 2001 85
0316-

10/24/2011 2840 | 2001 90
0316-

10/25/2011 3350 | 2001 90

290




0316-

10/26/2011 2860 | 2001 90
0316-

11/20/2011 3730 | 2001 87
0316-

11/21/2011 2500 | 2001 85
0316-

11/22/2011 2490 | 2001 88
0316-

11/30/2011 980 | 2001 70
0316-

12/1/2011 85 | 2001 83
0341-

8/23/2011 914.51 | 2064 93
0341-

8/24/2011 982.01 | 2064 94
0341-

8/28/2011 1275.9 | 2064 100
0341-

8/29/2011 916.75 | 2064 96
0341-

8/30/2011 2873.53 | 2064 93
0341-

8/31/2011 945.16 | 2064 95
0341-

9/1/2011 1658.75 | 2064 98
0341-

9/12/2011 2135.94 | 2064 100
0341-

9/13/2011 336.91 | 2064 102
0341-

9/15/2011 33.65 | 2064 93
0341-

9/21/2011 1599.89 | 2064 91
0341-

10/3/2011 1662.38 | 2064 88
0341-

10/5/2011 2313.73 | 2064 90
0341-

10/10/2011 1301.23 | 2064 86
0341-

10/12/2011 1714.04 | 2064 95
0341-

10/18/2011 1952.11 | 2064 82
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0341-
10/23/2011 1788.43 | 2064 0 91
0341-
10/25/2011 1888.66 | 2064 0 90
0341-
10/26/2011 750.98 | 2064 0 90
0341-
10/31/2011 2481.9 | 2064 0 80
0341-
11/2/2011 1523.3 | 2064 0 87
0341-
11/6/2011 1185.89 | 2064 0 81
0341-
11/17/2011 259.99 | 2064 0 72
0341-
11/21/2011 2146.88 | 2064 0 85
0341-
11/22/2011 1059.69 | 2064 0 88
0341-
11/30/2011 879.88 | 2064 0 70
8251-
9/8/2011 8259 | 2005 0 97
8251-
10/12/2011 3531 | 2005 0 95
8251- -
10/13/2011 20248 | 2005 92
8251-
11/15/2011 13216 | 2005 0.06 83
8251-
11/30/2011 18233 | 2005 0 70
Project Number 0617-04-180
Reported Item
Date Qty Code PRCP | TMAX [ WSFG
0354-
11/4/2013 3882 | 2021 0 79
0354-
11/5/2013 4237 | 2021 0 83
0354-
11/10/2013 4237 | 2021 0
0354-
11/11/2013 4449 | 2021 0 80
0354-
11/19/2013 5567 | 2021 0 74
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0354-

11/20/2013 3192 | 2021 0.01 86
0354-
11/21/2013 3148 | 2021 0 87
0354-
4/29/2014 79580 | 2021 0 95
0354-
5/29/2014 36606 | 2021 0 91
0316-
11/4/2013 825 | 2402 0 79
0316-
11/5/2013 950 | 2402 0 83
0316-
11/10/2013 975 | 2402 0
0316-
11/11/2013 1075 | 2402 0 80
0316-
11/19/2013 1325 | 2402 0 74
0316-
11/20/2013 750 | 2402 0.01 86
0316-
11/21/2013 800 | 2402 0 87
0316-
4/29/2014 21500 | 2402 0 95
0316-
4/30/2014 750 | 2402 0.08 78
0316-
5/29/2014 7975 | 2402 0 91
3268-
11/4/2013 400.18 | 2048 0 79
3268-
11/5/2013 448.49 | 2048 0 83
3268-
11/10/2013 430.15 | 2048 0
3268-
11/11/2013 412.94 | 2048 0 80
3268-
11/19/2013 681.03 | 2048 0 74
3268-
11/20/2013 413.98 | 2048 0.01 86
3268-
11/21/2013 382.4 | 2048 0 87
3268-
4/29/2014 5997.04 | 2048 0 95
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3268-

4/30/2014 376.14 | 2048 0.08 78
3268-

5/29/2014 7012.97 | 2048 0 91
3268-

6/9/2014 23.06 | 2048 0 91
0315-

6/9/2014 4187.5 | 2011 0 91
8251-

1/31/2014 2176 | 2005 0 75
8251-

6/9/2014 30879 | 2005 0 91
0429-

6/9/2014 460.77 | 2007 0 91

Project Number 0617-02-063
Reported Item
Date Qty Code PRCP [ TMAX | WSFG

0351-

2/24/2014 2195 | 2012 0 72
0351-

2/28/2014 6232 | 2012 0 88
0351-

3/1/2014 3949 | 2012 0 77
0351-

3/2/2014 1616.5 | 2012 0 79
0351-

3/31/2014 21539.5 | 2012 0 80
0354-

2/24/2014 733 | 2090 0 72
0354-

2/28/2014 43083 | 2090 0 88
0677-

6/20/2014 3250 | 2003 0 91
0529-

4/21/2014 254 | 2009 0.02 86
3142-

4/9/2014 1400 | 2007 0 79
3142-

4/10/2014 2200 | 2007 0 80
3142-

4/15/2014 1300 | 2007 0 65
3142-

4/16/2014 2800 | 2007 0 75
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3142-

4/17/2014 1500 | 2007 0.12 75
3142-

4/21/2014 1750 | 2007 0.02 86
3142-

4/22/2014 5900 | 2007 0 92
3142-

4/23/2014 3900 | 2007 0 83
3142-

4/24/2014 3500 | 2007 0 84
3142-

4/25/2014 2500 | 2007 0 82
3142-

4/28/2014 2200 | 2007 0 103
3142-

4/29/2014 1700 | 2007 0 99
3142-

4/30/2014 3450 | 2007 0.05 81
3142-

5/1/2014 3000 | 2007 0.02 76
3142-

5/31/2014 5700 | 2007 0.21 95
3142-

6/20/2014 100 | 2007 0 91
3142-

4/9/2014 369.51 | 2009 0 79
3142-

4/10/2014 494.74 | 2009 0 80
3142-

4/15/2014 355.4 | 2009 0 65
3142-

4/16/2014 807.82 | 2009 0 75
3142-

4/17/2014 369.08 | 2009 0.12 75
3142-

4/21/2014 376.38 | 2009 0.02 86
3142-

4/22/2014 1355.1 | 2009 0 92
3142-

4/23/2014 952.36 | 2009 0 83
3142-

4/24/2014 504.23 | 2009 0 84
3142-

4/25/2014 774.73 | 2009 0 82
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3142-

4/28/2014 655.78 | 2009 0 103
3142-

4/29/2014 530.19 | 2009 0 99
3142-

4/30/2014 990.57 | 2009 0.05 81
3142-

5/1/2014 1329.22 | 2009 0.02 76
3142-

5/31/2014 1681.35 | 2009 0.21 95
0662-

3/31/2014 14842 | 2004 0.21 95
0662-

4/25/2014 24229 | 2004 0 82
0662-

5/31/2014 16352 | 2004 0.21 95

Project Number 0738-03-028
Reported Item
Date Qty Code PRCP | TMAX | WSFG

0112-

9/23/2011 116 | 2002 0 98
0112-

11/28/2011 98 | 2002 0 69
0112-

11/30/2011 46 | 2002 0 66
0112-

1/30/2012 26 | 2002 71
0275-

10/26/2011 40384 | 2071 0 90
0275-

11/28/2011 37022 | 2071 0 69
0275-

12/28/2011 20400 | 2071 0 73
0275-

1/30/2012 9765 | 2071 71
0316-

10/26/2011 5020 | 2015 0 90
0316-

10/31/2011 2960 | 2015 0 80
0316-

11/28/2011 4970 | 2015 0 69
0316-

12/29/2011 3880 | 2015 0 77
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0316- -
1/30/2012 4040 | 2015 71
0316-
10/26/2011 5720 | 2402 0 90
0316-
11/28/2011 7840 | 2402 0 69
0316-
3/14/2012 5100 | 2402 0 80
0316-
4/26/2012 11800 | 2402 0 85
0464-
10/26/2011 56 | 2005 0 90
0464-
11/28/2011 63 | 2005 0 69
8251-
5/30/2012 58547 | 2006 0 91
8251-
7/5/2012 166 | 2006 0.02 95
0644- -
1/30/2012 21 | 2058 71
0644-
2/28/2012 12 | 2058 0 80
0644-
2/29/2012 12 | 2058 0 85
Project Number 1088-04-023
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0100-
10/31/2011 128 | 2002 0 80
0462-
1/27/2012 41 2010 0 78
0400-
7/31/2012 27 | 2005 0 100
0464-
10/31/2011 108 | 2007 0 80
0464-
11/4/2011 32 | 2007 0 66
0112-
10/24/2011 64 | 2002 0 90
0112-
11/4/2011 64 | 2002 0 66
0275-
10/31/2011 24177.78 | 2038 0 80
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0275-

11/11/2011 24045.22 | 2038 0 71
0247-
11/30/2011 6240.8 | 2056 0 66
0247-
12/30/2011 780.1 | 2056 0 84
0247-
1/27/2012 780.1 | 2056 0 78
0316-
12/30/2011 6225 | 2402 0 84
0316-
3/14/2012 6350 | 2402 0 80
3224-
3/15/2012 1868.53 | 2030 0 80
3224-
3/16/2012 2257.06 | 2030 0 81
3224-
3/19/2012 682.53 | 2030 0 80
0668-
4/18/2012 75 | 2105 0 79
0668-
5/24/2012 32105 0 89
0164-
5/24/2012 67260 | 2035 0 89
Project Number 1093-01-027
Reported Item
Date Qty Code TMAX | WSFG
0752-
5/31/2012 0.83 | 2020 0 89
0752-
6/19/2012 0.83 | 2020 0.01 93
0112-
5/31/2012 73.73 | 2002 0 89
0112-
6/26/2012 74.66 | 2002 0 106
0112-
7/16/2012 11.61 | 2002 0 92
0247-
5/31/2012 1876.43 | 2056 0 89
0247-
6/29/2012 3776.53 | 2056 0.02 96
0247-
7/26/2012 3163.04 | 2056 0 95
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0316-
6/14/2012 1500 | 2015 0 93
0316-
6/15/2012 4300 | 2015 0 93
0316- -
7/6/2012 2025 | 2015 95
0316-
7/16/2012 2405 | 2015 0 92
0316-
7/27/2012 1850 | 2015 0 96
0110-
5/31/2012 808 | 2001 0 89
0110-
7/26/2012 2299 | 2001 0 95
0132-
8/22/2012 950 | 2008 0 99
0316- -
7/13/2012 4300 | 2402 92
0316-
7/17/2012 7525 | 2402 0 90
0316-
8/16/2012 5935 | 2402 0 98
3224-
8/23/2012 669.67 | 2021 0 98
3224-
8/24/2012 130.38 | 2021 0 97
0540-
8/14/2012 775 | 2001 0 99
8251-
8/31/2012 24270 | 2006 0 100
8251-
10/3/2012 8090 | 2006 0 87
0644-
8/8/2012 25 | 2060 0 99
0164-
8/29/2012 40125 | 2023 0 107
Project Number 1193-03-016
Reported Item
Date Qty Code PRCP | TMAX | WSFG
0100-
6/26/2015 40 | 2002 0 91
0100-
7/28/2015 9 | 2002 0 96
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0100-
9/28/2015 126.5 | 2002 0 92
0100- -
10/23/2015 157.95 | 2002 81
0100-
11/16/2015 17.55 | 2002 0 84
0464-
4/28/2015 8 | 2007 0.03 78
0464-
5/8/2015 16 | 2007 0 84
0464-
5/28/2015 20 | 2007 0 88
0462-
5/28/2015 5 | 2011 0 88
0462-
6/26/2015 28 | 2011 0 91
0462-
7/28/2015 20 | 2011 0 96
0462-
8/21/2015 62 | 2011 0.02 89
0530-
9/23/2015 297 | 2006 0 89
0530-
10/15/2015 298 | 2006 0 90
0112-
6/26/2015 48.8 | 2001 0 91
0112-
7/28/2015 126.82 | 2001 0 96
0112-
8/5/2015 98.755 | 2001 0 91
0112-
9/28/2015 76.615 | 2001 0 92
0247-
6/26/2015 1493 | 2366 0 91
0247-
7/28/2015 9255 | 2366 0 96
0247-
8/5/2015 38.862 | 2366 0 91
0247-
8/19/2015 1407.6 | 2366 0 100
0247- -
8/20/2015 1697.94 | 2366 88
0247-
8/28/2015 5123.97 | 2366 0 89
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0247-
9/28/2015 2037.63 | 2366 0 92
0316-
7/17/2015 3660 | 2015 0 96
0316-
8/15/2015 3140 | 2015 0 92
0316-
9/23/2015 3400 | 2015 0 89
0316-
10/1/2015 1130 | 2015 0 95
0316-
10/2/2015 880 | 2015 0 88
0275-
7/28/2015 27223 | 2046 0 96
0275-
8/5/2015 5437 | 2046 0 91
0275-
8/6/2015 4525 | 2046 0 91
0275-
9/1/2015 1334.16 | 2046 0.02 90
0275-
9/2/2015 2090.286 | 2046 0 91
0275-
9/3/2015 692.478 | 2046 0 93
0275-
9/8/2015 1372.104 | 2046 0 93
0275-
9/9/2015 663.714 | 2046 0 94
0275-
9/12/2015 404.838 | 2046 0 88
0275-
9/28/2015 25160.42 | 2046 0 92
0316-
10/5/2015 5530 | 2403 0 89
0316-
10/6/2015 8780 | 2403 0 89
0316-
10/7/2015 20900 | 2403 0 89
0316-
10/8/2015 16580 | 2403 0.01 90
0316- -
10/9/2015 1480 | 2403 79
0316-
10/10/2015 10760 | 2403 0 89
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0530-
8/17/2015 498 | 2012 0 91
0530-
9/23/2015 595 | 2012 0 89
0530-
10/23/2015 1105 | 2012 - 81
0530-
11/16/2015 39 | 2012 0 84
0438-
10/19/2015 60 | 2002 0 83
0450-
9/28/2015 240 | 2641 0 92
0540-
8/18/2015 350 | 2001 0 90
8251-
10/15/2015 69347 | 2006 0 90
0644-
12/31/2015 48 | 2022 0 58
Project Number 1557-01-035
Reported Item
Date Qty Code PRCP | TMAX [ WSFG
5049-
29/4/2011 825 | 2001 0 82
3.55271E- | 0479-
29/4/2011 15 | 2005 0 82
0479-
6/12/2011 64 | 2005 0 91
0354-
29/4/2011 38081.3 | 2045 0 82
0354-
25/5/2011 27208.96 | 2045 0 88
0351-
29/4/2011 541.667 | 2004 0 82
0351-
25/5/2011 483.33 | 2004 0 88
0316-
29/4/2011 13280 | 2403 0 82
0316-
25/5/2011 7550 | 2403 0 88
0341-
29/4/2011 3681.66 | 2104 0 82
0341-
25/5/2011 3058.84 | 2104 0 88
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0341-

o

6/12/2011 0.01 | 2104 91
Project Number 2343-01-030
Reported Item
Date Qty Code TMAX | WSFG
0100-
11/17/2011 94.1 | 2002 0 72
0100-
12/30/2011 106 | 2002 0.01 85
0100- -
1/31/2012 33 | 2002 79
0100-
2/29/2012 54 | 2002 0 85
0100-
3/27/2012 15.9 | 2002 0 84
0112-
11/30/2011 37.6 | 2002 0 66
0112-
12/30/2011 56 | 2002 0.01 85
0112-
1/31/2012 118 | 2002 - 79
0112-
2/29/2012 60.5 | 2002 0 85
0112-
3/27/2012 30.9 | 2002 0 84
0464-
11/30/2011 84 | 2005 0 66
0464-
12/30/2011 146 | 2005 0.01 85
0464-
2/29/2012 14 | 2005 0 85
0464-
4/30/2012 64 | 2005 0 89
0464-
7/11/2012 32 | 2005 0 88
0275-
12/30/2011 34468 | 2038 0.01 85
0275- -
1/31/2012 49136 | 2038 79
0275-
2/29/2012 24168 | 2038 0 85
0275-
3/27/2012 13216 | 2038 0 84
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0247-

12/30/2011 5424 | 2056 0.01 85
.

1/31/2012 3617 | 2056 79
0247-

2/29/2012 6728.4 | 2056 0 85
0247-

3/27/2012 3276 | 2056 0 84
0316-

3/5/2012 543 | 2590 0 77
0316-

3/31/2012 159 | 2590 0 93
0316-

4/30/2012 161 | 2590 0 89
0316-

3/5/2012 20150 | 2402 0 77
0316-

3/31/2012 5477 | 2402 0 93
0316-

4/30/2012 5266 | 2402 0 89
3224-

7/12/2012 1493.5 | 2048 0 92
3224-

7/13/2012 1573.25 | 2048 92
3224-

7/14/2012 1259.18 | 2048 93
3224-

7/16/2012 1207.75 | 2048 0 92
3224-

7/17/2012 1723.56 | 2048 0 90
3224-

7/18/2012 1233.68 | 2048 0 95
0110-

11/30/2011 12140 | 2001 0 66
0110-

12/30/2011 3235 | 2001 0.01 85
-

1/31/2012 2863 | 2001 79
0110-

2/29/2012 3414 | 2001 0 85
0110-

3/27/2012 4298 | 2001 0 84
0132-

11/30/2011 945 | 2006 0 66
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0132-

1/31/2012 1182 | 2006 79
0132-

3/27/2012 629 | 2006 84
8251-

7124/2012 59364 | 2005 98
8251-

9/6/2012 286 | 2005 92
0644-

4/30/2012 34 | 2001 89
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APPENDIX 4.2

MODELS RESULTS BY ITEMS FOR ALL 30 PROJECTS.

Project Number: 0074-03-041 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH |SAB | SPT | SPH
0354-2045 June 1 1 3 1 1 2
0354-2045 April 2 2 3 2 2 3
0354-2045 May 1 1 2 1 1 2
0316-2403 June 1 1 3 1 1 3
0316-2403 July 1 1 3 1 1 5
0316-2403 May 1 1 2 1 1 2
0316-2403 April 2 2 3 2 2 3
0316-2403 August 3 3 21 3 1 7
0316-2403 October 1 1 2 1 1 2
0316-2403 January 1 1 2 1 1 2
3268-2042 June 6 6 17 6 4 12
3268-2042 July 1 1 5 1 1 5
3268-2042 May 1 1 2 1 1 2
3268-2042 April 1 1 2 1 1 2
3268-2042 January 3 3 4 3 1 2
3268-2042 August 4 3 21 4 1 2
3268-2042 September 4 4 10 4 4 10
3268-2042 October 1 1 2 1 1 2
0134-2004 June 4 4 12 4 4 12
0134-2004 September 3 3 8 3 3 8
0134-2004 October 1 1 2 1 1 2
0533-2006 September 3 3 8 3 1 3
0533-2006 October 3 3 4 3 3 4
0438-2002 August 2 2 14 2 1 7
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0438-2002 October

8251-2017 July

8251-2017 September

8251-2017 January

8251-2017 May

8251-2017 June

8251-2017 October

8251-2017 November
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Project Number: 0074-03-042
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Item Codes and Months
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SPH

SAB

SPT

SPH

0506-6042 September

0351-6013 October

0354-6021 October

0354-6021 November

0316-6007 October

0316-6007 November
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0666-6314 November
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Project Number: 0074-05-094
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SPT

SPH

SAB

SPT

SPH

0354-2045 July

0354-2045 August

0354-2045 September

0354-2045 October

0351-2002 July

0351-2002 August

0316-2403 July

0316-2403 August

0316-2403 September

0316-2403 October

3224-2048 July

3224-2048 August

3224-2048 September
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3224-2048 October 8 8 11 8 7 10
0540-2001 October 1 1 2 1 1 2
0540-2001 November 1 1 2 1 1 2
0666-2005 October 2 2 3 2 1 2
Project Number: 0074-06-222 Model Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-6003 September 9 8 20 9 6 15
0354-6003 October 17 14 19 17 11 15
0354-6003 November 7 7 10 7 7 10
0316-6001 September 9 8 20 9 6 15
0316-6001 October 17 14 19 17 11 15
0316-6001 November 8 8 11 8 7 10
0341-6089 September 9 8 20 9 6 15
0341-6089 October 17 14 19 17 11 15
0341-6089 November 8 8 11 8 7 10
0351-6019 September 2 2 5 2 1 2
0351-6019 November 1 1 2 1 1 2
0348-6009 December 13 13 13 13 13 13
0348-6009 January 1 1 2 1 1 2
0438-6001 December 1 1 1 1 1 1
0438-6001 January 1 1 2 1 1 2
0438-6001 March 1 1 2 1 1 2
0438-6001 July 1 1 5 1 1 5
0666-6315 January 1 1 2 1 1 2
0666-6315 March 1 1 2 1 1 2
0432-6001 September 4 4 10 4 1 3
0432-6001 October 12 12 16 12 9 12
0432-6001 November 2 2 3 2 2 3
0636-6009 March 4 4 5 4 4 5
0636-6009 April 1 1 2 1 1 2
0644-6001 March 5 5 7 5 5 7
0644-6001 April 1 1 2 1 1 2
Project Number: 0100-07-045 Model Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2045 August 1 2 14 1 1 7
0318-2002 August 4 4 28 4 1 7
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0341-2032 September 8 6 15 8 1 3
0341-2032 October 9 9 12 9 7 9
0341-2032 November 13 13 18 13 8 10
0540-2001 August 3 3 89 3 1 34
0540-2001 September 3 3 8 3 1 3
0540-2001 October 2 2 3 2 1 2
0540-2001 November 1 1 2 1 1 2
Project Number: 0101-01-066 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-6113 October 3 3 4 3 2 3
0354-6113 November 4 4 6 4 3 4
0354-6113 December 5 5 5 5 4 5
0354-6113 January 1 1 2 1 1 2
0351-6012 October 2 2 3 2 1 2
0351-6012 November 1 1 2 1 1 2
0351-6012 December 3 3 3 3 3 4
0351-6012 January 3 3 4 3 3 4
0316-6001 October 3 3 4 3 2 3
0316-6001 November 10 9 12 10 7 10
0316-6001 December 5 5 5 5 5 6
0316-6001 January 6 6 8 6 6 8
0316-6001 March 1 1 2 1 1 2
0316-6001 April 2 2 3 2 2 3
0341-6042 October 2 2 3 2 2 3
0341-6042 November 12 10 14 12 7 10
0341-6042 December 9 9 9 9 9 11
0341-6042 January 8 8 10 8 8 10
0341-6042 March 1 1 2 1 1 2
0341-6042 April 1 1 2 1 1 2
0341-6042 May 1 1 2 1 1 2
0438-6001 February 1 1 2 1 1 2
0666-6011 November 1 1 2 1 1 2
0666-6011 December 2 2 2 2 2 4
0666-6011 January 1 1 2 1 1 2
0666-6011 May 1 1 2 1 1 2
Project Number: 0101-05-035 Model 1 Model 2
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Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-6051 January 2 2 3 2 2 3
0354-6051 March 1 1 2 1 1 2
0316-6010 January 2 2 3 2 2 3
0316-6010 February 1 1 2 1 1 2
0316-6010 March 3 3 4 3 3 4
0316-6010 April 2 2 3 2 2 3
0316-6010 May 1 1 2 1 1 2
0316-6010 June 1 1 3 1 1 3
0341-6042 March 1 1 2 1 1 2
0341-6042 April 2 2 3 2 2 3
0341-6042 May 1 1 2 1 1 2
0666-6011 November 1 1 2 1 1 2
0666-6011 December 2 2 2 2 2 3
0666-6011 March 2 2 3 2 2 3
0666-6011 May 3 3 5 3 2 3
Project Number: 0101-03-082 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2045 May 1 1 2 1 1 2
0316-2403 May 1 1 2 1 1 2
0316-2403 June 1 1 3 1 1 3
3224-2027 June 3 3 8 3 1 3
3224-2027 July 1 1 5 1 1 5
0530-2017 July 1 1 5 1 1 5
Project Number: 0101-04-108 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2041 April 2 2 3 2 2 3
0354-2041 May 1 1 2 1 1 2
0341-2104 May 11 10 14 11 7 10
0316-2403 April 10 10 13 10 9 11
0316-2403 May 2 2 3 2 1 2
Project Number: 0254-01-130 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2045 May 1 1 2 1 1 2
0354-2045 June 4 4 12 4 1 3
0351-2002 May 1 1 2 1 1 2
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0351-2002 June 1 1 3 1 1 3
0316-2403 May 1 1 2 1 1 2
0316-2403 June 5 5 14 5 4 11
0662-2115 May 1 1 2 1 1 2
0662-2115 June 4 4 12 4 1 3
0341-2064 May 1 1 2 1 1 2
0351-6019 June 5 5 14 5 2 6
0530-2005 June 1 1 3 1 1 3
0666-2035 June 1 1 3 1 1 3
0644-2022 July 1 1 5 1 1 5
Project Number: 0254-01-137 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
1112-2049 September 1 1 3 1 1 3
0351-2002 April 1 1 2 1 1 2
0351-2002 July 3 3 15 3 1 5
0351-2002 August 2 2 14 2 1 7
0351-2002 November 2 2 3 2 1 2
0351-2002 December 1 1 1 1 1 1
0530-2073 June 1 1 3 1 1 3
0316-2043 August 5 4 27 5 1 7
0316-2043 November 2 2 3 2 2 3
0316-2043 March 1 1 2 1 1 2
0540-2001 June 4 4 12 4 4 12
0666-2035 October 2 2 3 2 2 3
0666-2035 December 1 1 1 1 1 1
0666-2035 March 1 1 2 1 1 2
Project Number: 0074-03-041 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0275-6038 September 2015 4 4 10 4 4 10
0275-6038 October2015 4 4 6 4 4 6
0275-6038 February 2016 12 12 15 12 12 15
0275-6038 March 2016 1 1 2 1 1 2
0275-6038 April 2016 9 9 11 9 9 11
0275-6038 May 2016 1 1 2 1 1 2
0275-6038 June 2016 1 1 3 1 1 3
0275-6038 July 2016 7 5 24 8 1 5
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0275-6038 September 2016

=
ol

0275-6038 October

0275-6038 December

5001-6002 September 2015

5001-6002 October 2015

5001-6002 November 2015

5001-6002 February 2016

5001-6002 March 2016

5001-6002 April 2016

5001-6002 May 2016

5001-6002 June 2016

5001-6002 July 2016

5001-6002 August 2016

5001-6002 September 2016

5001-6002 December 2016

0247-6041 September 2015

0247-6041 October 2015

0247-6041 November 2015

0247-6041 December 2015
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0247-6041 February 2016

0247-6041 March 2016

0247-6041 April 2016

0247-6041 May 2016

0247-6041 June 2016

0247-6041 July 2016

0247-6041 August 2016

0247-6041 September 2016
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0247-6041 December 2016

0247-6041 January 2017

0247-6041 March 2017

0316-6015 November 2015

0316-6015 March 2016

0316-6015 May 2016

0316-6015 July 2016

0316-6015 September 2016

0316-6015 October 2016
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0316-6015 November 2016

0134-6004 October 2015

0134-6004 November 2015

0134-6004 January 2016

0134-6004 April 2016

0134-6004 June 2016

0134-6004 November 2016

0134-6004 March 2017

0666-6303 November 2016

0666-6303 February 2017

0666-6303 March 2017

0672-6009 March 2017

0164-6023 february 2017

0164-6023 March 2017
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Project Number: 0371-02-066
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Item Codes and Months

SAB

SPT

SPH

SAB

SPT

SPH

0354-2045 August

0351-2006 August

0318-2002 August

0318-2002 December

0341-2064 September

0341-2064 October

0134-2001 September

0134-2001 October

0134-2001 November

0432-2040 August

6110-2002 October
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Project Number: 0371-03-114

Model

Model

Item Codes and Months

SAB

SPT

SPH

SAB

SPH

0354-2045 April

0354-2045 May

14

13

0354-2045 June

12

12

0316-2403 April

0316-2403 May

17

14

0316-2403 June

12

0134-2004 June
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3224-2048 May 12 11 15 12 9 13
3224-2048 June 7 6 17 7 4 12
8251-2018 June 1 1 3 1 1 3
Project Number: 0371-07-006 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2045 July 1 1 5 1 1 5
0354-2045 August 1 1 7 1 1 7
0316-2042 August 1 1 7 1 1 7
0341-2032 August 1 1 7 1 1 7
0134-2001 August 1 1 7 1 1 7
0134-2001 October 1 1 2 1 1 2
6110-2002 August 1 1 7 1 1 7
6110-2002 September 1 1 3 1 1 3
Project Number: 0371-04-056 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH |SAB | SPT | SPH
0354-2045 July 2 2 10 2 1 5
0351-2013 July 2 2 10 2 1 5
0316-2042 July 4 4 20 4 2 10
0316-2042 August 2 2 14 2 1 2
0341-2064 July 6 5 24 6 2 10
0341-2064 August 8 6 41 8 1 5
0530-2017 July 1 1 5 1 1 5
0530-2017 August 2 2 14 2 1 5
0134-2001 January 1 1 2 1 1 2
0134-2001 July 1 1 5 1 1 5
0134-2001 August 1 1 7 1 1 7
0540-2001 January 2 2 3 2 2 3
8251-2005 August 2 2 14 2 1 5
8251-2005 September 1 1 3 1 1 3
Project Number: 0371-04-061 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH |SAB | SPT | SPH
0354-6020 June 1 1 3 1 1 3
0354-6020 August 1 1 7 1 1 7
0351-6013 June 2 2 5 2 1 3
0344-6119 July 4 4 20 4 1 5
0344-6119 August 1 1 7 1 1 7
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0666-6302 August 1 1 7 1 1 7
0533-6001 August 1 1 7 1 1 7
Project Number: 0372-01-093 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2045 November 2 2 3 2 2 3
0351-2004 November 2 2 3 2 2 3
0316-2042 January 1 1 2 1 1 2
0316-2042 February 4 4 5 4 3 4
0316-2042 March 5 5 7 5 4 5
0341-2064 February 5 5 6 5 4 5
0341-2064 March 9 9 11 9 8 10
0530-2017 Februry 1 1 2 1 1 2
0530-2017 March 4 4 5 4 3 4
0134-2001 October 1 1 2 1 1 2
0134-2001 March 1 1 2 1 1 2
0542-2001 October 7 6 8 7 2 3
8251-2017 March 1 1 2 1 1 2
Project Number: 0373-01-098 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2045 August 4 4 28 4 1 7
0316-2403 August 4 4 28 4 1 7
3224-2030 September 2 2 5 2 2 5
3224-2030 October 1 1 2 1 1 2
8251-2005 September 2 2 5 2 1 3
Project Number: 0617-01-074 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0450-2013 May 1 1 2 1 1 2
0450-2013 June 1 1 3 1 1 3
0354-2045 August 11 7 48 11 1 7
0354-2045 September 11 7 18 11 1 3
0354-2045 October 14 13 18 14 11 15
0354-2045 November 3 3 4 3 1 2
0354-2045 December 1 1 2 1 1 2
0316-2001 August 4 3 21 4 1 7
0316-2001 September 14 8 20 14 1 7
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0316-2001 October 13 12 16 13 10 14
0316-2001 November 4 4 6 4 4 6
0316-2001 December 1 1 2 1 1 2
0341-2064 August 6 5 34 6 1 7
0341-2064 September 5 4 10 5 1 3
0341-2064 October 9 9 12 9 8 11
0341-2064 November 6 6 8 6 6 8
8251-2005 September 1 1 3 1 1 3
8251-2005 October 2 2 3 2 1 2
8251-2005 November 2 2 3 2 1 2
Project Number: 0617-01-180 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0354-2021 November 7 7 10 7 7 10
0354-2021 April 1 1 2 1 1 2
0354-2021 May 1 1 2 1 1 2
0316-2402 November 7 7 10 7 7 10
0316-2402 April 2 2 3 2 1 2
0316-2402 May 1 1 2 1 1 2
0315-2011 June 2 2 6 2 2 6
3268-2048 November 7 7 10 7 7 10
3268-2048 April 2 2 3 2 1 2
3268-2048 May 1 1 2 1 1 2
3268-2048 June 1 1 3 1 1 3
8251-2005 January 1 1 2 1 1 2
8251-2005 June 1 1 3 1 1 3
0429-2007 June 1 1 3 1 1 3
Project Number: 0617-02-063 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH
0351-2012 February 2 2 2 2 2 3
0351-2012 March 3 3 4 3 3 4
0354-2090 February 2 2 3 2 2 3
0677-2003 June 1 1 3 1 1 2
0529-2009 April 1 1 2 1 1 3
3142-2007 April 13 11 14 13 8 39
3142-2007 May 2 2 3 2 1 7
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3142-2007 June 1 1 3 1 1 3
3142-2009 April 13 11 14 13 8 11
3142-2009 May 2 2 3 2 1 2
0662-2004 March 1 1 2 1 1 2
0662-2004 April 1 1 2 1 1 2
0662-2004 May 1 1 2 1 1 2
Project Number: 0738-03-028 Model 1 Model 2

Item Codes and Months SAB | SPT |SPH | SAB | SPT | SPH

0112-2002 September

0112-2002 November

0112-2002 January

0275-2071 October

0275-2071 November

0275-2071 December

0275-2071 January

0316-2015 October

0316-2015 November

0316-2015 December

0316-2015 January

0316-2402 October

0316-2402 November

0316-2402 March

0316-2402 April

0464-2005 October

0464-2005 November

8251-2006 May

8251-2006 July

0644-2058 January

0644-2058 February
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Project Number: 1088-04-023
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0112-2002 October

0112-2002 November

0275-2038 October

0275-2038 November

0247-2056 November

0247-2056 December

0247-2056 January

0316-2402 December

0316-2402 March

3224-2030 March

0668-2105 April

0668-2105 May

0164-2035 May
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Project Number: 1093-01-027
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2

Item Codes and Months

SAB

SPT

SPH

SAB

SPT

SPH

0752-2020 May

0752-2020 June

0112-2002 May

0112-2002 June

0112-2002 July

0247-2056 May

0247-2056 June

0247-2056 July

0316-2015 June

0316-2015 July

0110-2001 May

0110-2001 July

0132-2008 August
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0316-2402 July

0316-2402 August

3224-2021 August

0540-2001 August

8251-2006 August

8251-2006 October

0644-2060 August

0164-2023 August
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Project Number: 1196-03-016

Model 1

Model 2

Item Codes and Months

SAB

SPT

SPH

SAB

SPT

SPH

0100-2002 June

0100-2002 July

0100-2002 September

0100-2002 October

0100-2002 November

0464-2007 April

0464-2007 May

0462-2011 May

0462-2011 June

0462-2011 July

0462-2011 August

0530-2006 September

0530-2006 October

0112-2001 June

0112-2001 July

0112-2001 August

0112-2001 September

0247-2366 June

0247-2366 July
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0247-2366 September

0316-2015 July

0316-2015 August

0316-2015 September

0316-2015 October

0275-2046 July
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0275-2046 August

0275-2046 September

0316-2403 October

0530-2012 August

0530-2012 September

0530-2012 October

0530-2012 November

0438-2002 October
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0450-2641 September

0540-2001 August

8251-2006 October

0644-2022 December
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Project Number: 1557-01-035
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Item Codes and Months

SAB

SPT

SPH

SAB
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SPH

5049-2001 April

0479-2005 April

0479-2005 December

0354-2045 April

0354-2045 May

0351-2004 April

0351-2004 May

0316-2403 April

0316-2403 May

0341-2104 April

0341-2104 May

0341-2104 December
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Project Number: 2343-01-030
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Item Codes and Months

SAB
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SPH

SAB

SPT

SPH

0100-2002 November

0100-2002 December

0100-2002 January

0100-2002 Febuary

0100-2002 March

0112-2002 November

0112-2002 December

0112-2002 January

0112-2002 February

0112-2002 March

0464-2005 November

0464-2005 December

0464-2005 Ferbuary

0464-2005 April

0464-2005 June

0275-2038 December
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0275-2038 January

0275-2038 February

0275-2038 March

0247-2056 December

0247-2056 January

0247-2056 Feburary

0247-2056 March

0316-2590 March

0316-2590 April

0316-2402 March

0316-2402 April
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3224-2048 July
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0110-2001 November

0110-2001 December

0110-2001 January

0110-2001 Feburary

0110-2001 March

0132-2006 November

0132-2006 January

0132-2006 March

8251-2005 July

8251-2005 September

0644-2001 April
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Project Number: 0074-02-072
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Item Codes and Months

SAB

SPT

SPH

SAB

SPT

SPH

0351-6002 May

0351-6012 May

0351-6012 Nov

0354-6002 April

0354-6002 May

0354-6002 Nov

0344-6120 April
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0344-6120 June
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0344-6120 July

0344-6120 Nov
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0666-6315 July

0533-6001 June
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Model 1 Results

APPENDIX 4.3

STATISTICAL ANALYSIS RESULTS BY ITEM

MODEL 1
L
NO.  PROJECT |SasVSSer (tStat) P(T<=t) two-tail |t Critical two-tail |SIGNIFICANT DIFFERENCE | S48
1 | 0371-03-114 1.963961012]  0.081126189  2.262157163 NO YES
2 | 0371-07-006 |NO DIFFERENCE BETWEEN S,q and Spr NO YES
3 | 0371-04-056 1.384930607|  0.189381206]  2.160368656 NO YES
4 | 0371-04-061 [NO DIFFERENCE BETWEEN S,gand Spr NO YES
5 | 0372-01-093 1 0.337049058 2.17881283 NO YES
6 | 0373-01-098 [NO DIFFERENCE BETWEEN S,gand Spr NO YES
7 | 0617-01-074 2.516611478]  0.021550153 2.10092204 YES YES
8  |0617-01-0180{NO DIFFERENCE BETWEEN S5 and Spr NO YES
9 | 0617-02-063 1.477097892]  0.165406706 2.17881283 NO YES
10 | 0738-03-028 [NO DIFFERENCE BETWEEN Sz and Spr NO YES
11 | 1088-04-023 |NO DIFFERENCE BETWEEN Sz and Spr NO YES
12 | 1093-01-027 |NO DIFFERENCE BETWEEN Sz and Spr NO YES
13 | 1193-03-016 1 0.323805872]  2.026192463 NO YES
14 | 1557-01-035 |NO DIFFERENCE BETWEEN Sz and Spr NO YES
15 | 2343-01-030 1 0323636084  2.024394164) NO YES
16 | 0074-02-072 1.141393825|  0.275971974 2.17881283 NO YES
17 | 0074-03-041 1 0.325053 2.039513 NO YES
18 | 0074-03-042 |NO DIFFERENCE BETWEEN S,z and Spr NO YES
19 | 0074-05-094 2496150883  0.023858231]  2.119905299 YES 3224-2048 August
20 | 0074-06-222 2.379154757|  0.025301823|  2.059538553 YES YES
21 | 0086-19-030 |NO DIFFERENCE BETWEEN Syg and Spr NO YES
22 | 0100-07-045 0.426401433|  0.681057161]  2.306004135 NO YES
23 | 0101-01-066 1.363636364]  0.184835996|  2.059538553 NO YES
24 | 0101-05-035 |NO DIFFERENCE BETWEEN Syg and Spr NO YES
25 | 0254-01-137 1 0335561278]  2.160368656 NO YES
26 | 0101-03-082 |NO DIFFERENCE BETWEEN Syg and Spr NO YES
27 | 0101-04-108 1 0.373900966| 2776445105 NO YES
28 | 0254-01-130 |NO DIFFERENCE BETWEEN Syg and Spr NO YES
29 | 0348-06-023 1.426565007]  0.15906635|  2.001717484 NO YES
30 | 0371-02-066 |NO DIFFERENCE BETWEEN S,gand Spr NO YES
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Model 2 Results

MODEL 2
Sen g
NO. PROJECT |Sas VS Spr (t Stat) P(T<=t) two-tail t Critical two-tail |SIGNIFICANT DIFFERENCE S4B
1 0371-03-114 4.019363072 0.003020958 2.262157163 YES
2 | 0371-07-006 |NO DIFFERENCE BETWEEN S,5 and Sy NO YES
3 0371-04-056 2.432227444 0.030204393 2.160368656 YES
4 0371-04-061 1.333333333, 0.230809409 2.446911851 NO YES
5 0372-01-093 2.034190511 0.064649446 2.17881283 NO
6 0373-01-098 2.064187386 0.107938822 2.776445105 NO YES
7 0617-01-074 3.263520498 0.004314915 2.10092204 YES
8 0617-01-0180 1.471960144] 0.164823445 2.160368656 NO YES
9 0617-02-063 1.802254228 0.096660779 2.17881283 NO YES
10 0738-03-028 [NO DIFFERENCE BETWEEN S,gand Spr NO YES
11 1088-04-023 |NO DIFFERENCE BETWEEN S, and Spr NO YES
12 1093-01-027 2.024440825 0.056486162 2.085963447 NO YES
13 1193-03-016 1751387311, 0.088165983 2.026192463 NO YES
14 1557-01-035 |NO DIFFERENCE BETWEEN S,z and Spr NO YES
15 2343-01-030 1 0.323636084 2.024394164 NO YES
16 0074-02-072 2.408040224 0.033030667 2.17881283 YES
17 0074-03-041 2.745565424 0.009962883 2.039513446 YES
18 0074-03-042 3.627381251 0.004632631 2.228138852 YES
19 0074-05-094 3.869322928 0.001358832 2.119905299 YES
20 0074-06-222 3.426241444 0.002123265 2.059538553 YES
21 0086-19-030 1.995217211, 0.057027027 2.059538553 NO YES
22 0100-07-045 3.1920955) 0.012763109 2.306004135 YES
23 0101-01-066 2.236067977, 0.034511337 2.059538553 YES
24 0101-05-035 1 0.334281943 2.144786688 NO YES
25 0254-01-137 1.846574143, 0.087693257 2.160368656 NO YES
26 0101-03-082 1 0.363217468 2.570581836 NO YES
27 0101-04-108 1.632993162, 0.177807808 2.776445105 NO
28 0254-01-130 2.132007164 0.054360123 2.17881283 NO
29 0348-06-023 2.912828767 0.005078221 2.001717484 YES
30 0371-02-066 1.490711985 0.166889596 2.228138852 NO YES

324




Comparison between Estimated and Actual Duration by Activities

ACTUAL VS ESTIMATED
NO.  PROJECT |SasVSSi (tStat) |P(7<=t) two-tail [t critical two-tail | siGNIFICANT DIFFERENCE
1 | 0371-03-114 2.417990086  0.025819394  2.093024054) YES
2 | 0371-07-006 [SAMPLE SiZE LESS THAN 10
3 | 0371-04-056 2045758193  0.067989250  2.228138852 NO
4 | 0371-04-061 |SAMPLE SIZE LESS THAN 10
5 | 0372-01-003 1.444444444  0.179206711  2.228138852 NO
6 | 0373-01-098 [SAMPLE SIZE LESS THAN 10
7 | 0617-01-074 [SAMPLE SiZE LESS THAN 10
8 |0617-01-0180[SAMPLE SIZE LESS THAN 10
9 | o0617-02-063 3002599232 0.012023852 2.20098516 YES
10 |o738-03-028 1999943782  0.076559763  2.262157163 NO
11 | 1088-04-023 3303627323  0.005707748  2.160368656 YES
12 | 1003-01-027 3.721727769 0002277246 2.144786688 YES
13 | 1193-03-016 2334800381  0.03132978 2.10092204 YES
14 | 1557-01-035 136414704  0.205658103  2.262157163 NO
15 | 2343-01-030 2.808289332  0.013950803  2.144786688 YES
16 | 0074-02-072 |SAMPLE SIZE LESS THAN 10
17 | 007a-03-041 2.161004957  0.056014422  2.228138852 NO
18 | 0074-03-042 |[SAMPLE SIZE LESS THAN 10
19 | 0074-05-094 |[SAMPLE SIZE LESS THAN 10
20 | 0074-06-222 0628251599  0.538704355  2.119905299 NO
21 | 0086-19-030 3724625131  0.001843945  2.119905299 YES
22 | 0100-07-045 |SAMPLE SIZE LESS THAN 10
23 | 0101-01-066 531972417  185356E-05  2.063898562 YES
24 | 0101-05-035 -0.128671253  0.902633256  2.570581836 NO
25 | 0254-01-137 2.000555573  0.076484282  2.262157163 NO
26 | 0101-03-082 1960732935  0.08154828  2.262157163 NO
27 | 0101-04-108 |SAMPLE SIZE LESS THAN 10
28 | 0254-01-130 1464469204  0.173782835 2228138852 NO
29 | 0348-06-023 2543735005  0.029175705  2.228138852 YES
30 | 0371-02-066 3.221369926  0.010466383  0.010466383 YES
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APPENDIX 4.4

STATISTICAL ANALYSIS RESULTS BY PROJECTS

Sag VS Spr

Ballesteros-Perez et Al Model
t-Test: Paired Two Sample for Means

Apipattanavis et Al. Model
t-Test: Paired Two Sample for Means

SaB Ser S B Spr
Mean 40.366667 36.866667|Mean 40.366667  31.03333333
Variance 524.1023 501.77471] Variance 524.1023  401.6195402
Observations 30 30| Observations 30 30
Pearson Correlation 0.9757105 Pearson Correlation 0.952625
Hypothesized Mean Difference 0 Hypothesized Mean Difference 0
df 29 df 29
t Stat 3.8222142 t Stat 7.1159659
P(T<=t) one-tail 0.0003234 P(T<=t) one-tail 3.937E-08
t Critical one-tail 1.699127 t Critical one-tail 1.699127
P(T<=t) two-tail 0.0006469 P(T<=t) two-tail 7.875E-08
t Critical two-tail 2.0452296 t Critical two-tail 2.0452296
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SpH VS Sag

Ballesteros-Perez et Al Model
t-Test: Paired Two Sample for Means

Apipattanavis et Al. Model
t-Test: Paired Two Sample for Means

Sph S as S pH S as
Mean 81.5 40.36667|Mean 62.63333 40.36666667
Variance 2083.776 524.1023|Variance 1052.24 524.1022989
Observations 30 30]Observations 30 30
Pearson Correlation 0.651467 Pearson Correlation 0.771364
Hypothesized Mean Difference 0 Hypothesized Mean Difference 0
df 29 df 29
t Stat 6.38191 t Stat 5.876733
P(T<=t) one-tail 2.81E-07 P(T<=t) one-tail 1.12E-06
t Critical one-tail 1.699127 t Critical one-tail 1.699127
P(T<=t) two-tail 5.62E-07 P(T<=t) two-tail 2.23E-06
t Critical two-tall 2.04523 t Critical two-tall 2.04523

Stx VS Spr

Ballesteros-Perez et Al Model Apipattanavis et Al. Model
t-Test: Paired Two Sample for Means t-Test: Paired Two Sample for Means

SpH S 1x S 1x S pH
Mean 81.5 78.33333|Mean 78.33333  62.63333333
Variance 2083.776 2087.678|Variance 2087.678  1052.24023
Observations 30 30| Observations 30 30
Pearson Correlation 0.235096 Pearson Correlation 0.431335
Hypothesized Mean Difference 0 Hypothesized Mean Difference 0
df 29 df 29
t Stat 0.307055 t Stat 1.993194
P(T<=t) one-tail 0.380498 P(T<=t) one-tail 0.027862
t Critical one-tail 1.699127 t Critical one-tail 1.699127
P(T<=t) two-tail 0.760996 P(T<=t) two-tail 0.055723
t Critical two-tail 2.04523 t Critical two-tail 2.04523
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Stx VS Spas

t-Test: Paired Two Sample for Means

5 X SAB
Mean 78.33333333 40.36667
Variance 2087.678161 524.1023
Observations 30 30
Pearson Correlation 0.337876365
Hypothesized Mean Difference 0
df 29
t Stat 4.764568763
P(T<=t) one-tail 2.4394E-05
t Critical one-tail 1.699127027
P(T<=t) two-tail 4.8788E-05
t Critical two-tail 2.045229642
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APPENDIX 5.1

SUMMARY STATISTICS AND ANALYSIS RESULTS FOR WEATHER CONDITIONS

Items with Some Significant Results (10 Items)

Summary Stats of PR Non- Regression
| Ite Vv Parametric | Post Hoc v
D |m . Clear Cloudy MildSevere Compariso | test N. Results
N n test
Ha: Medians H.: Ha: Means
N=26 N=45 N=21 are not all . are not all
Mcle>Mcloudy
equal equal
Mean=101.14 Mean=31.06 Mean=74.8 Kruskal-Wallis | W=784 F (2,88 =4.3
Median=51.2 Median=14.64 Median=20 o | p=0.009** p=0.02*
7.7
SD=212.77 SD=43.64 SD=90.64 p=0.02* 95% Cl for Beloudy=-29.8
. . . Mcle-Melo: (95% Cl: -
=2 =0.1 =5.
0432 Min Min=0.15 Min=5.56 (1.9, 61) 60.1,0.4)
1 - 92 91 Brmildsever=13.
2039 Max=1107 Max=174 Max=246 9
Ha: (95% Cl: -22,
Mclo<Mmildsever 498)
W=317.5
_ * Meclo~Hmildsev=-
p=0.02 43.7
95% Cl for (95% Cl for
Mclo-Mmildse: (‘ Mclo~Hmildsev: =
37.6,-1.1) 86.7, -0.8)
Ha:
N=21 N=40 Mctear>Meloudy Ha: Beloudy#0
Mean=24.9 Mean=13.05 W=571 F (1,57 =5.75
0644 Median=11 Median=7 p=0.01* p=0.02*
2 - 61 | SD=27.15 SD=20.12 NA 95% Cl for NA 59 | Bclouty=-10.6
2060 . . Mcle-Meloudy: (1, (95% ClI: -
Min=1 Min=1 14) 19.4,-1.7)
Max=101 Max=111
H.: Medians
N=19 N=48 N=10 are not all Ha: Beloudy#0
equal
Mean=53.53 Mean=22.91 Mean=16.44 Kruskal-Wallis F (1,64 =5.25
0420 ¢ 3
3] - 77 | Median=18.84 Median=18.44 Median=11.67 NA 66 | p=0.03*
4.54|
2004
SD=74.66 SD=16.48 SD=15.85 p=0.1 Beloudy=-16.2
. . . (95% Cl: -
Min=2 Min=4.98 Min=3.2 302, -2.1)
Max=313.57 Max=66.1 Max=56.64
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Ha: Medians

Ha:
N=26 N=50 N=13 are not all ’ Ha: Beloudy#0
Mcle<Mcloudy
equal
Mean=4.15 Mean=7.32 Mean=10.31 Kruskal-Wallis | W=401 F (1,73 =2.78
Median=2 Median=4 Median=6 X = p=0.002* p=0.1
10.84|
SD=4.9 SD=9.4 SD=9.59 p=0.004** 95% Cl for Beloudy=2.1
. ) ) Mete-Meio: (-3 (95% Cl: -
0467 Min=1 Min=1 Min=2 !
B 89 -6.2e-05) 75 0.4,4.5)
2286 Max=23 Max=62 Max=28
Ha:
Mclear<Mmildsev
Ww=81
p=0.003**
95% Cl for
Mecle-Mmildse: (-
6, -7.9e-05)
Ha:
N=25 N=31 Ha: Beloudy0
mclear<mcloudy
0672 Mean=116.76 Mean=169.65 W=268 F (1,51 =7.0
Median= Median=111 =0.02* =0.01*
) 56 edian=60 edian NA p=0.0. NA 53 p=0.0
2012 SD=164.75 SD=164.95 95% Cl for Beloudy=80.7
. . Mcle-Mcloudy: (- (95% ClI:
Min=8 Min=14 97, -7.8e-05) 19.7,141.7)
Max=687 Max=681
Ha: .
N=23 N=57 mclear<mcloudy Ha- Bcloudy¢0
Mean=103.95 Mean=172.4 W=461 F 1,74 =3.3
0316 Median=42 Median=89 p=0.02* p=0.07*
- 80 NA NA 76
6002 SD=217.46 SD=261.37 95% Cl for Beloudy=63.8
. . Mcle-Mcloudy: (‘ (95% Cl: -
Min=7 Min=3
n n 63, -3.5E-05) 5.8, 133.4)
Max=1078 Max=1120.5
Ha:
N_32 N_SO mclear<mcloudy Ha- Bcloudy¢0
Mean=2055.66 Mean=5616.56 W=520 F(1,77=5.1
0316 Median=1350 Median=2310 p=0.004** p=0.03*
- 82 NA NA 79 | Beiouey=1998.
- — 0,
6001 SD=1732.55 SD=7821.7 95% Cl for 6
- .o Mcle-Mcloudy: (‘ (95% Cl:
Min=20 Min=4 2370, -270) 233,3764.2)
Max=6000 Max=32656
N=20 N=39 Ha: Ha: Betousy#0
Meclear>Mcloudy
Mean=333.1 Mean=216.9 W=518 F 1 ss5=10.4
0316 Median=255.5 Median=141.12 p=0.02* p=0.002**
- 59 NA NA 57 | Betovay=-
- — 0,
2594 SD=254.19 SD=259.3 95% Cl for 166.9
A P Mecle=Mcloudy: (6, (95% Cl: -
Min=28 Min=3
n " 214.8) 270.9, -63)
Max=931 Max=1204
Ha:
75 | N=40 N=35 NA NA 72 | Ha: Beiousy 20
Mclear<Mcloudy
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Mean=946.49 Mean=1334.65 W=638.5 F (1,70 =5
Median=583.71 | Median=810.05 p=0.3 p=0.03*
0247 SD=1320.01 SD=1531.54 95% Cl for Beiousy=532.4
- . (95% Cl:
6041 Min=30.5 Min=37 z’:‘s"ze’?cf;‘g' 6() 58.9,
" ' 1005.9)
Max=7123.7 Max=5636.02
Ha: Medians
N=45 N=32 N=11 are not all Ha: Beloudy#0
equal
Mean=59.54 Mean=96.7 Mean=60.4 Kruskal-Wallis F (1,73 =5.4
0275 -
10 | - 88 | Median=50.17 Median=74.7 Median=50.01 NA 75 | p=0.02*
6001 |
SD=19.97 SD=92.03 SD=38.2 p=0.08 Beloudy=16.3
Min=25.07 Min=12.4 Min=14.74 (95% Cl: 2.3,
30.3)
Max=144.21 Max=465.69 Max=164.66
Items with Non-Significant Results (29 Items)
Ha: Medians
N=28 N=34 N=10 are not all Ha: Beloudy0
equal
Mean=0.27 Mean=0.43 Mean=0.3 Kruskal-Wallis F (1,600 =3.5
0500 -
1] - 72 | Median=0.08 Median=0.29 Median=0.2 NA 62 | p=0.07
6001 4.1
SD=0.3 SD=0.37 SD=0.28 p=0.13 Beioudy=0.16
Min=0.02 Min=0.03 Min=0.05 sgol/‘j S.I;;;)
Max=0.9 Max=0.9 Max=0.9
Ha:
N=34 N=52 Mtear>Mcloudy Ha: Beloudy#0
Mean=95.91 Mean=120.58 W=898.5 F (1,81 =1.2
0496 Median=52.5 Median=51.5 p=0.45 p=0.28
2] 8 | sp=125.79 SD=225.91 NA 95% Cl for NA 83 | Baousy=-
2007 24.97
Min=12 Min=4 :;c:eg?)cloudv: (- (2915;% Cl:-71,
Max=556 Max=1259
Ha:
N=15 N=40 Mtear<Mcioudy Ha: Beloudy#0
Mean=2.53 Mean=3.23 W=286 F (1,52 =0.32
3 ?542 55 Median=2 Median=2 NA p=0.4 NA 54 p=0.58
2002 SD=1.88 SD=3.1 95% Cl for Beioudy=0.42
Min=1 Min=1 Tclle)-mcloudv: (- (19i%1(;l) -
Max=8 Max=14
N=18 N=53 Ha: Ha: Betoudy?0
Mclear<Mcloudy
Mean=4664.94 Mean=5671.75 W=497 F (1,67 =0.4
0677 Median=1619 Median=2274 p=0.61 p=0.53
4 - 71 NA NA 69 | Betousy=-
2001 SD=6196.67 SD=11646.27 95% Cl for 965.4
Min=75 Min=4 Mee-Mclouay: (- 2905;/60 ?: )
in= in= 7,
1064, 1397) 2086)
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Max=22228 Max=69490
Ha:
N=27 N=35 Ha: Beloudy#0
Mclear<Mcloudy : Bclo o
Mean=963.43 Mean=904.81 W=487 F (1,60 =0.1
3224 Median=762.82 | Median=828.57 p=0.58 p=0.76
51 - 62 | SD=779.32 SD=700.36 NA 95% Cl for NA 62 | Beiousy=-58.6
2008 e Mooy (95% Cl: -
Min=45.72 Min=12 e Ticoudy: 1 435.5,
318.6, 431.8) 318.3)
Max=2560.84 Max=2609.19
Ha: Medians
N=33 N=41 N=10 are not all Ha: Beloudy#0
equal
Mean=10.03 Mean=9.02 Mean=10.6 Kruskal-Wallis F (1,68 =2.09
0668 o
6] - 84 | Median=4 Median=7 Median=9 X, = NA 70 | p=0.15
2106 287]
SD=14.26 SD=8.63 SD=6.88 p=0.24 Beloudy=2.2
- - - (95% Cl: -
Min=1 Min=1 Min=4 0.8,5.3)
Max=60 Max=43 Max=22
Ha: Medians
N=31 N=33 N=11 are not all Ha: Beloudy#0
equal
Mean=6.71 Mean=6.42 Mean=6.91 Kruskal-Wallis F (1,61 =0.31
0668 o
71- 75 | Median=4 Median=3 Median=6 X = NA 63 | p=0.58
1.13]
2116
SD=7.8 SD=6.16 SD=5.39 p=0.57 Beloudy=0.79
. . . (95% CI: -
Min=1 Min=1 Min=1 21,3.7)
Max=39 Max=20 Max=21
N=11 N=48 Ha:
mclear<mcloudy
Mean=56543.5 Mean=47820.47 W=271
Median=5333.3 | Median=10937.0
0160 3 6 p=0.56
8 _2003 >9 SD=105256.3 SD=155108.1 NA 95% Cl for NA 471 NA
Min=98 Min=128.22 Mcle-Mcloudy:
~ _ (-11661,
Max=271672.8 Max=1061656 9043)
N=24 N=38 Ha: Ha: Beloudy0
N N Melear™>Meloudy @ Peloudy
Mean=2240.31 Mean=1498.51 W=516 F (1,59 =2.05
Median=1691.2 | 10 dian=1500 p=0.19 p=0.16
0310 5
9 - 62 _ _ NA o NA 61 Bc\oudyz‘
2005 SD=2075.69 SD=1064.45 95% Cl for 5318
o Lo . (95% ClI: -
Min=0 Min=150 Mcle-Meloudy: 1275, 211)
Max=7070 Max=4485 (-335, 1250)
0618 Ha: Medians Ha: Means
10 | - 64 | N=13 N=39 N=12 are not all NA 63 | arenotall
2018 equal equal
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Mean=613.11 Mean=530.71 Mean=661.75 Kruskal-Wallis F (2,60 =0.53
Median=451 Median=131 Median=293 0.25 p=0.59
SD=675.59 SD=691.16 SD=1146.47 p=0.88 Beioudy=-82.4
. . . (95% CI: -
Min=10 Min=18 Min=32 497, 332)
Max=2480 Max=2500 Max=4112 Brigseere=-
265
(95% ClI: -
795. 265)
N=36 N=49 Ha: Ha: Beioudy0
Meclear, Mcloudy
Mean=1541.75 Mean=2095.49 W=824 F (1,80 =1.25
0662 Median=760 Median=950 p=0.30 p=0.27
1 | - 85 | SD=2036.51 SD=2636.52 NA 95% Cl for NA 82 | Beioudy=446.1
2001 . o ) (95% Cl: -
Min=130 Min=50 Mecle-Mcloudy: 347,1239)
Max=10220 Max=11080 (-460, 200)
Ha: Medians Ha: Means
N=26 N=52 N=16 are not all are not all
equal equal
Mean=57.76 Mean=36.95 Mean=68.14 Kruskal-Wallis F (2,88 =1.05
Median=28.75 Median=11.04 Median=43.13 p=0.36
0432 2.06|
12 | - 94 | sp=71 SD=54.39 SD=127.15 p=0.36 NA 91 | Beouty=-16.4
2001 o Cl- -
Min=0.42 Min=0.47 Min=0.61 (95% Cl: -39,
6.2)
Max=273.31 Max=252.77 Max=534.81 E;';z
(95% Cl: -
42.4,18.1)
Ha.: Medians Ha: Means
N=21 N=30 N=12 are not all are not all
equal equal
Mean=6292.52 Mean=4448.03 Mean=3085.58 Kruskal-Wallis F (2,58 =0.4
Median=2850 Median=1872.5 Median=2542 p=0.67
0666 0.91]
131 - 63 | sp=7802.29 SD=5007.47 SD=2893.27 p=0.63 NA 61 | Beowsy=231
2003 _ ) _ (95% Cl: -
Min=146 Min=20 Min=110 2410, 2872)
_ _ _ BMiIdsevere='
Max=27050 Max=19500 Max=9526 1131
(95% ClI: -
4453, 2191)
N=23 N=31 Ha: Ha: Beioudy0
mclear>mcloudy
0666 Mean=15639.6 | \1ean=17382.02 W=361 F sy =0.0
14 | - 54 | 7 NA NA 53
2111 Median=7820 Median=6882 p=0.47 p=0.94
Bc\oudy=’
= = 0,
SD=18500.25 SD=21935.27 95% Cl for 3816
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Mcle-Mcloudy: (‘

(95% Cl: -

Min=111 Min=66 10767,
6061, 5966) 10004)
Max=61714 Max=81101
Ha: .
N=32 N=40 Miar>Metcuty Ha: Beloudy#0
Mean=972.69 Mean=653.58 W=770 F(1,67=1.12
15 1122 72 Median=617.5 Median=304 NA p=0.07 NA 69 p=0.29
2037 SD=1043.74 SD=1214.38 95% Cl for Beioudy=-199
.o .o Mcle-Mcloudy: (' (95% Cl: -
Min=39 Min=24 47, 462) 575, 177)
Max=4960.64 Max=5555
N=38 N=46 Ha: Ha: Beiouy#0
Mclear>Mcloudy
Mean=1007.17 Mean=742.14 W=1051 F (1,82 =2.7
3268 Median=799.15 Median=484.63 p=0.06 p=0.10
16 | - 84 | SD=779.21 SD=696.74 NA 95% Cl for NA 84 | Beloudy=-265
2008 - o . (95% ClI: -
Min=11.24 Min=4.99 Mecle-Mcloudy: 585.6, 55.5)
Max=2995.84 Max=2756.41 (-37.3, 540.7)
Ha: Medians Ha: Means
N=23 N=38 N=17 are not all are not all
equal equal
Mean=1820.89 Mean=1244.46 Mean=1389.46 Kruskal-Wallis F (2,72 =1.06
Median=1445.6 Median=1425.37 Median=1227.0 & 0=0.35
3268 ’ 8 24|
17 | - 78 | sD=1344.47 SD=841.66 SD=962.67 p=0.30 NA 75 | Paowey=
282.4
2047
. . . (95% Cl: -
Min=53.1 Min=9.5 Min=430.36 725, 160)
_ _ _ BMildseverez‘
Max=4971 Max=3355.45 Max=3355.45 3455
(95% ClI: -
886, 195)
Ha:
N=21 N=41 Ha: udy#z0
Meclear>Mcloudy : Bclo o
Mean=699.62 Mean=748.73 W=469.5 F (1,59 =0.29
0662 Median=505 Median=362 p=0.28 p=0.59
18 | - 62 NA NA 61 | Beiouay=-
. — 0,
6111 SD=791.75 SD=1170.34 95% Cl for 1005
oo . Mcle-Meloudy: (- (95% Cl: -
Min=40 Min=40 127, 265) 484, 279)
Max=3555 Max=6812
Ha:
N=16 N=44 Ha: Beloudy#0
Mclear<Mcloudy ° BCI v
Mean=1.8 Mean=1.93 W=314 F (1,56 =0.9
0465 Median=0.75 Median=1 p=0.26 p=0.35
19 | - 60 NA NA 58
2001 SD=2.32 SD=1.95 95% Cl for Beioudy=0.47
. . Mcle-Mcloudy: (‘ (95% Cl: -
Min=0.5 Min=0.25 0.5,0.25) 0.52, 1.46)
Max=9 Max=8
20 54 | N=23 N=31 NA Ha: NA 53 | Ha: Boiousy#0
Mclear>Mcloudy
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Mean=17271.5

5 Mean=10709.97 W=431 F,s1=1.9
8251 Median=12915 Median=5994 p=0.1 p=0.17
SD=16590.76 SD=10412.72 95% Cl for Beloudy=-4678
95% Cl: -
2017 . . Mo Moty - (
Min=185 Min=505 11470,
1332,11748) 2114)
Max=58711 Max=38059
N=14 N=54 Ha:
Meclear>Mcloudy
Mean=2003.21 Mean=940.04 W=445
0341 Median=1183.2 | e dian=1052.09 p=0.16
21 | - 68 | 6 NA NA 54 | NA
6042 SD=2489.86 SD=457.25 95% Cl for
- - Mcle-Mcloudy? (-
Min=46.41 Min=1.68 160, 776)
Max=9249.8 Max=1543.86
N=14 N=46 Ha:
Mclear>Mcloudy
Mean=1268.13 Mean=2592.03 W=312
0247 Median=1161.9 Median=935.39 p=0.57
22 | - 60 | 4 NA NA 45 | NA
2366 SD=1135.94 SD=7111.24 95% Cl for
. . Mele-Mcloudy: (-
=38. =62.
Min=38.86 Min=62.69 661, 705)
Max=3722.45 Max=47909
Ha:
N=17 N=36 mclear>mcloudy Ha- Bcloudy¢0
Mean=2511.65 Mean=1938.89 W=352 F (1,50 =2.42
0316 Median=2960 Median=1240 p=0.19 p=0.13
2. >3 | sp-1955.34 SD=1564.95 NA 95% Cl f NA 22 | Baowar=-
2015 Bt =205 o Hitor 715.8
L . Mcle-Mcloudy: (- (95% Cl: -
Min=360 Min=190 400, 1920) 1640, 208.4)
Max=5850 Max=6945
N=19 N=35 Ha: Ha: Beiousy#0
Mclear<Mcloudy
0530 Mean=1387.33 Mean=2006 W=292.5 F (1,51 =0.86
Median=888.89 Median=1750.16 =0.24 =0.36
2 | - 54 | V€N edian NA i NA 53 | P
2017 SD=1324.26 SD=2086.28 95% Cl for Beloudy=445.6
. .o Mcle-Mcloudy: (‘ (95% Cl: -
Min=200.3 Min=17.33 1287, 350) 520, 1411)
Max=3952 Max=7889.65
Ha:
N=21 N=40 Mtear>Mcloudy Ha: Beloudy#0
Mean=69.68 Mean=84.42 W=466.5 F (1,57 =0.04
0531 Median=51.66 Median=42.45 p=0.24 p=0.84
25 | - 61 NA NA 59
2004 SD=52.27 SD=106.43 95% Cl for Beloudy=-3.52
= P Mcle-Mcloudy: (‘ (95% Cl: -
Min=3.07 Min=1.75 22.5,31.1) 38.2,31.2)
Max=188.15 Max=508.78
Ha:
0341 N=33 N=39 Ha: Beloudy#0
26 _ 72 NA mclear<mcloudy NA 70
6076 Mean=719.59 Mean=823.31 W=530 F (1,68 =1.19
Median=843.12 | Median=914.35 p=0.1 p=0.28
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SD=416.63 SD=512.53 95% Cl for Beiouy=107.6
in= . Mcle-Mcloudy: (- (95% Cl: -89,
Min=25.62 Min=51.9 318.8, 68) 304)
Max=2073.18 Max=2282.56
Ha.: Medians Ha: Means
N=22 N=21 N=12 are not all are not all
equal equal
Mean=1457.68 Mean=1068.54 Mean=928.42 Kruskal-Wallis F (2,51 =0.62
Median=1100.5 |\ 4ian=068.49 | Median=835.06 | p=0.54
1 2.01
0341 SD=1371.15 SD=755 SD=604.95 p=0.37 E;“;dg'
27 | - 55 NA 54 ’
6008 (95% Cl: -
Min=92.06 Min=46.73 Min=100 534.1,
286.6)
Max=7030.54 Max=2447.65 Max=2103.89 Briasever=-
263.9
(95% ClI: -
745, 217)
N=9 N=51 Ha:
Mclear<Mcloudy
Mean=120.45 Mean=131.26 W=217
4481 Median=92.8 Median=92.8 p=0.40
28 | - 60 NA NA 51 | NA
SD=75.12 SD=79.14 95% Cl for
2001 (
Lo i Mcle-Mcloudy: (-
Min=42.6 Min=19.47 613, 28.8)
Max=268.48 Max=338.02
Ha:
N=17 N=41 Mtear>Mcloudy Ha: Beloudy#0
Mean=69.41 Mean=77.06 W=348.5 F (1,55 =0.07
2085 Median=71 Median=58 p=0.50 p=0.79
29 | - 58 NA NA 57
2002 SD=28.97 SD=50.93 95% Cl for Belouay=2.9
. .o Mcle-Mcloudy: (- (95% Cl: -
Min=28 Min=10 21, 21) 19.3,25.1)
Max=127 Max=266
Items did not allow performing of statistical analysis due to small sample sizes (1 Items)
N=3 N=60
3224 Mean=1256.92 Mean=1178.9
Median=1012 Median=1096.43
1] - 63 : ! NA NA NA N Na
2042 SD=786.42 SD=773.86 A
Min=622.1 Min=22.65
Max=2136.66 Max=2583.54

*P-value<0.05, **p-value<0.01, ***p-value<0.001

NA indicate no statistical analysis was feasible.
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Plots for Descriptive Statistics (Only for Significant Items)

For Item 0432-2039 (Item description is RIPRAP (MOW STRIP) (4 IN))

PR comparison for Diff Weathers
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For Item 0644-2060 (Item description is REMOVE SM RD SN SUP & AM)

PR comparison for Diff Weathers

( 0 40 o) 50 100

For Item 0420-2004 (Item description is CL C CONC (BENT))
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PR comparison for Diff Weathers
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For Item 0467-2286 (Item description is SET (TY II) (18 IN) (RCP) (6:1) (P))

PR comparison for DIff Weathers
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For Item 0672-2012 (Item description is REFL PAV MRKR TY I-C)
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PR comparison for Diff Weathers
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For Item 0316-6002 (Item description is AGGR (MULTI OPTION))

PR comparison for DIff Weathers
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For Item 0316-6001 (Item description is ASPH (MULTI OPTION))
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PR comparison for Diff Weathers
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For Item 0316-2594 (Item description is AGGR (TY-PB GR-3 OR TY-PB GR-3S) SAC-B)

PR comparison for Diff Weathers
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For Item 0247-6041 (Item description is FL BS (CMP IN PLC) (TYA GR1-2) (FNAL POS))
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PR comparison for DIIf Weathers
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APPENDIX 5.2

SUMMARY STATISTICS AND ANALYSIS RESULTS FOR TEMPERATURE

Items with Some Significant Results (7 Items)

Raw Summary Stats of PR/Temp Correlation Test Regression
ID Item N VT\:'d PR Temp Cor p-value VT\:'d Results
N=71 N=71 Ha:B#0
Mean=67.55 Mean=78.45 F (1,63 =8.9
0432- Median=16.4 Median=78 p= 0.004**
1 97 71 -0.35 | 0.004** 65
2039 SD=141.27 SD=13.72 B=-1.9
Min=0.15 Min=46 (95% Cl: -3.18, -0.63)
Max=1107 Max=101
N=59 N=59 Ha:B#0
Mean=34.25 Mean=86.41 F (1,54 =10.25
) 0420- 80 59 Median=22.48 Median=88 032 | 0.01* <6 p=0.002**
2004 SD=45.02 SD=13.54 B=0.83
Min=2 Min=57 (95% CI: 0.31, 1.35)
Max=313.57 Max=106
N=62 N=62 Ha:B#0
Mean=1870.52 Mean=75.35 F (1,55 =15.83
0662- Median=725 Median=75 p=<0.001***
3 95 62 0.48 | <0.001*** 57
2001 SD=2429.4 SD=13.73 B=81.48
Min=50 Min=29 (95% Cl: 40.4, 122.5)
Max=10220 Max=103
N=17 N=17 Ha:B#0
Mean=567.71 Mean=80.71 F (1,14 =5.06
3268- Median=388.43 Median=86 p=0.04*
41 5008 92 17 | sp=539.99 SD=11.52 -0.63 | 0.006** 16 | B=-23.99
Min=20.69 Min=59 (19?3 Cl: -48.87, -
Max=1607.85 Max=97
N=68 N=68 Ha:B#0
Mean=1130.48 Mean=79.96 F (1,62 =8.34
s 0341- 79 68 Median=1074.31 | Median=80 034 | 0.005%* 64 p=0.005**
6042 SD=1204.27 SD=10.86 B=22.64
Min=30.53 Min=57 (95% Cl: 6.97, 38.32)
Max=9249.8 Max=100
N=79 N=79 Ha: B=0
Mean=129.26 Mean=73.89 F (1,69 =9.84
6 0316- 93 79 Median=60 Median=71 046 | <0.001%* - p=0.003**
6002 SD=223.78 SD=10.48 B=3.66
Min=3 Min=54 (95% Cl: 1.33, 5.98)
Max=1120.5 Max=94
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N=84 N=84 Ha:B#0
Mean=3659.99 Mean=73 F (1,749 =19.57
7 0316- 92 84 Median=1900 Median=71 046 | <0.001%+* %6 p=<0.001***
6001 SD=5700.9 SD=10.76 B=131.85
Min=4 Min=48 (95% Cl: 72.5, 191.2)
Max=32656 Max=100
Items with Non-Significant Results (33 Items)
N=40 N=40 Ha: Bz 0
Mean=0.38 Mean=82.28 F (1,34 =2.74
0500- Median=0.34 Median=84 p=0.11
1 6001 99 40 | sp=0.31 SD=10.45 0.24 0.13 36 | p=0.01
. . 95% Cl: -0.003,
Min=0.02 Min=55 5).03)
Max=0.9 Max=98
N=68 N=68 Ha: Bz0
Mean=124.9 Mean=82.56 F (1,61)=0.10
) 0496- 91 68 Median=53.5 Median=84 011 035 63 p=0.76
2007 SD=224.63 SD=13.53 B=0.36
Min=4 Min=45 (95% Cl: -1.93, 2.65)
Max=1259 Max=105
N=38 N=38 Ha:B=0
Mean=2.92 Mean=86.53 F,31=1.01
3 0542- 65 38 Median=2 Median=89.5 0.09 0.58 3 p=0.32
2002 SD=2.8 SD=10.12 B=0.06
Min=1 Min=60 (95% Cl: -0.06, 0.18)
Max=14 Max=100
N=42 N=42 Ha:B#0
Mean=11.64 Mean=80.1 F (1,36 =0.34
4 0644- - 2 Median=6 Median=77.5 012 046 38 p=0.56
2060 SD=15.41 SD=14.15 B=0.09
Min=1 Min=40 (95% Cl: -0.22, 0.39)
Max=66 Max=100
N=58 N=58 Ha:B#0
Mean=4789.43 Mean=82.5 F (1,52 =0.17
0677- Median=1365.5 Median=85 p=0.68
5 81 58 0.0004 1 54
2001 SD=10719.37 SD=15 B=15.19
Min=4 Min=45 (95% Cl: -58.5, 88.9)
Max=69490 Max=103
N=63 N=63 Ha: B=0
Mean=975.73 Mean=84.13 F (1,58 =0.02
3224- Median=860.92 Median=86 p=0.89
6 65 63 -0.01 0.93 60
2008 SD=743.08 SD=12.34 B=-1.17
Min=12 Min=51 (95% Cl: -18.3, 15.9)
Max=2609.19 Max=100
N=29 N=29 Ha:B#0
Mean=6.97 Mean=6.97 F (1,26 =1.44
; 0668- 85 29 Median=4 Median=83 015 042 )8 p=0.24
2106 SD=6.66 SD=11.47 B=-0.14
Min=1 Min=60 (95% Cl: -0.39, 0.10)
Max=25 Max=101
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N=31 N=31 Ha:B#0
Mean=5.77 Mean=83.68 F (1,27 =0.2
3 0668- 77 31 Median=4 Median=83 -0.09 0.6 29 p=0.66
2116 SD=4.98 SD=11.01 B=-0.03
Min=1 Min=60 (95% Cl: -0.19, 0.13)
Max=20 Max=101
N=43 N=43 Ha: B=0
Mean=42067.55 Mean=78.6 F (1,37 =0.05
0160- Median=3371 Median=80 p=0.83
9 2003 72 43 | sp=163879.5 SD=15.18 -0.05 0.72 39 | p=125.1
) ) 95% Cl: -1044.5,
Min=98 Min=35 (1294.7)
Max=1061656 Max=101
N=29 N=29 Ha: B=0
Mean=2091.97 Mean=80.86 F (1,26)=0.80
0310- Median=1827.5 Median=80 p=0.38
10 2005 67 29 | sD=1640.54 SD=13.42 0.1 0.59 28 | B=-22.54
. . 95% Cl: -74.26,
Min=210 Min=55 (29.2)
Max=6150 Max=100
N=53 N=53 Ha:B#0
Mean=6.3 Mean=82.58 F (1,48 =0.83
1 0467- 01 53 Median=4 Median=81 015 0.28 %0 p=0.37
2286 SD=9.61 SD=11.4 B=-0.07
Min=1 Min=63 (95% Cl: -0.22, 0.08)
Max=62 Max=102
N=56 N=56 Ha: B#0
Mean=594.24 Mean=80.23 F (1,50 =4.03
0618- Median=193.5 Median=82.5 p=0.05
12 [ 508 65 56 | sp=817.43 SD=14.84 0.18 0.19 52 | B=14.74
Min=10 Min=43 (29953 Cl: -3.8¢-03,
Max=4112 Max=100
N=29 N=29 Ha: Bz0
Mean=107.49 Mean=83.48 F (1,24)=0.26
13 0672- 7 29 Median=83 Median=84 -0.07 071 2 p=0.62
2012 SD=81.21 SD=14.61 B=-0.58
Min=8 Min=49 (95% Cl: -2.95, 1.79)
Max=347.25 Max=103
N=58 N=58 Ha:B#0
Mean=42.42 Mean=79.03 F (1,51 =0.003
14 0432- 94 ss Median=10.39 Median=78 0.02 0.88 3 p=0.95
2001 SD=59.77 SD=13.16 B=-0.04
Min=0.42 Min=54 (95% ClI: -1.28, 1.21)
Max=252.77 Max=103
N=23 N=23 Ha: B=0
Mean=4818.17 Mean=87.78 F9=1.12
15 gggg- 68 23 | Median=2580 Median=91 -0.35 0.1 21 | p=0.30
SD=6055.6 SD=11.17 B=-102.8
Min=20 Min=65 (95% Cl: -305.6, 100)
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Max=24970 Max=101
N=25 N=25 Ha: B=0
Mean=17428.52 Mean=89.12 F (1,21 =0.72
16 0666- 67 25 Median=12445 Median=91 007 075 23 p=0.41
2111 SD=20555.01 SD=10.05 B=-329.4
Min=66 Min=65 (95% Cl: -1137, 478)
Max=81101 Max=101
N=31 N=31 Ha:B#0
Mean=672.32 Mean=82.23 F (1,27 =2.79
1122- Median=278 Median=83 p=0.11
17 | 037 77 31 | sD=1086.32 sD=12.89 -0.07 07 29 | B=16.32
Min=35 Min=51 g?;)c': 372,
Max=5555 Max=101
N=40 N=40 Ha:B#0
Mean=1252.72 Mean=94.28 F (1,32)=0.25
3268- Median=1314.22 | Median=99 p=0.62
18 79 40 0.06 0.73 34
2047 SD=959.94 SD=11.99 B=34.94
Min=9.5 Min=55 (95% Cl: -107, 177)
Max=4971 Max=103
N=31 N=31 Ha:B=0
Mean=821.81 Mean=88.71 F (1,26)=0.69
0662- Median=384 Median=91 p=0.41
19 6111 66 31 | sD=1305.82 SD=8.13 0.14 0.44 28 | B=16.19
) ) 95% Cl: -23.93,
Min=77 Min=70 26.31)
Max=6812 Max=100
N=54 N=54 Ha: B=0
Mean=1.75 Mean=79.39 F (1,48 =0.85
20 0465- 63 54 Median=1 Median=80.5 0.08 0.58 50 p=0.36
2001 SD=1.98 SD=15.08 B=-0.01
Min=0.25 Min=48 (95% Cl: -0.04, 0.02)
Max=9 Max=105
N=25 N=25 Ha: B#0
Mean=738.59 Mean=93.36 F (1,21 =0.02
3224- Median=564 Median=97 p=0.89
211 om0 68 25 | sp=672.45 SD=7.86 -0.06 0.76 23 | g=-3.37
Min=22.65 Min=74 g‘rf;/‘;)c': -54.48,
Max=2136.66 Max=103
N=27 N=27 Ha: B#0
Mean=12845.11 | Mean=87.22 F (1,24 =1.51
8751 Median=9449 Median=90 p=0.23
22 | 5017 65 27 | sp=11865.6 SD=9.81 0.09 0.65 26 | p=341.2
. ) 95% Cl: -231.2,
Min=256 Min=61 (913.6)
Max=38059 Max=101
N=53 N=53 Ha: Bz0
23 g;g; 67 53 | Mean=1488.89 Mean=80.09 0.06 0.68 48 | F (1,46 =0.008
Median=986.84 Median=81 p=0.93
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SD=1830.93 SD=12.09 B=-1.68
. . 95% Cl: -40.66,
Min=38.86 Min=52 (37.29)
Max=9255 Max=98
N=48 N=48 Ha:B#0
Mean=2036.56 Mean=87 F (1,40 =1.04
0316- Median=1425 Median=89 p=0.31
24 2015 60 48 | sp=1727.7 SD=8.36 0.002 1 42 | B=32.12
. . 95% Cl: -31.61,
Min=190 Min=69 (95.85)
Max=7475 Max=102
N=38 N=38 Ha:B#0
Mean=316.16 Mean=87.16 F (1,31 =2.61
0316- Median=260.5 Median=89 p=0.12
25 [ 5594 69 38 | sD=294.13 SD=9.47 -0.07 0.67 33 | B=-7.49
. . 95% Cl: -16.94,
Min=10 Min=68 (1.97)
Max=1204 Max=105
N=23 N=23 Ha: B=0
Mean=1171.75 Mean=89.26 F (1,19 =2.45
0530- Median=808 Median=90 p=0.13
26 2017 65 23 | sD=1147.76 SD=9.22 0.33 0.12 21 | B=51.71
. . 95% Cl: -17.38,
Min=45 Min=72 (120.8)
Max=3934 Max=103
N=37 N=37 Ha:B#0
Mean=1046.3 Mean=83.35 F (1,299 =0.45
0247- Median=667 Median=84 p=0.51
27 6041 85 37 | sD=1184.54 SD=5.95 0.06 0.72 31 | p=22.28
. . 95% Cl: -45.66,
Min=30.5 Min=69 20'21)
Max=5059.5 Max=94
N=25 N=25 Ha:B#0
Mean=116.97 Mean=70.24 F (1,220 =0.04
0531- Median=93.44 Median=71 p=0.85
28 73 25 0.1 0.65 24
2004 SD=124.45 SD=16.55 B=0.24
Min=1.75 Min=43 (95% Cl: -2.28, 2.76)
Max=508.78 Max=97
N=74 N=74 Ha: B=0
Mean=768.35 Mean=77.59 F (1,65 =1.55
0341- Median=858.13 Median=79.5 p=0.22
29 80 74 -0.1 0.37 67
6076 SD=475.42 SD=8.67 B=-9.25
Min=25.62 Min=60 (95% Cl: -24.1, 5.6)
Max=2282.56 Max=92
N=56 N=56 Ha: Bz0
Mean=1180.53 Mean=80.2 F (1,51 =0.002
0341- Median=928.46 Median=82 p=0.96
30 62 56 -0.08 0.57 53
6008 SD=1028.17 SD=10.92 B=-0.42
Min=46.73 Min=52 (95% Cl: -19.4, 18.6)
Max=7030.54 Max=98
31 74 70 | N=70 N=70 -0.18 0.13 64 | Ha:B#0
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Mean=134.16 Mean=79.74 F (1,62 =0.02
Median=92.8 Median=83.5 p=0.88
‘z‘gﬁi' SD=85.86 SD=17.4 =0.11
Min=19.47 Min=35 (95% ClI: -1.33, 1.54)
Max=460.8 Max=104
N=45 N=45 Ha: Bz0
Mean=85.49 Mean=80.29 F (1,38 =0.004
3 0275- 91 45 Median=50.14 Median=82 o011 048 0 p=0.95
6001 SD=84.56 SD=9.75 B=-0.05
Min=12.4 Min=53 (95% ClI: -1.79, 1.69)
Max=465.69 Max=95
N=61 N=61 Ha: =0
Mean=74.73 Mean=87.21 F (1,54 =0.31
33 2085- 61 61 Median=62 Median=90 0.03 079 56 p=0.58
2002 SD=44.6 SD=10.95 B=-0.3
Min=10 Min=59 (95% ClI: -1.4, 0.79)
Max=266 Max=101
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Scatterplots for Temperature vs Reported PR (only for Significant Items)

For Item 0432-2039 (Item description is RIPRAP (MOW STRIP) (4 IN))

Scatter plot for Item 0432-2039 Cleaned Data with 65 cases
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For Item 0420-2004 (Item description is CL C CONC (BENT))
Scatter plot for Item 0420-2004 Cleaned Data with 56 cases
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For Item 0662-2001 (ltem description is WK ZN PAV MRK NON-REMOV (W) 4" (BRK))
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Scatter plot for Item 0662-2001 Cleaned Data with 57 cases
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For Item 3268-2008 (Item description is D-GR HMA TY-B PG64-22)
Scatter plot for Item 3268-2008 Cleaned Data with 16 cases
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For Item 0341-6042 (Item description is D-GR HMA TY-D SAC-B PG70-22)
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Scatter plot for Item 0341-6042 Cleaned Data with 64 cases
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For Item 0316-6002 (Item description is AGGR (MULTI OPTION))

Scatter plot for Item 0316-6002 Cleaned Data with 71 cases
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For Item 0316-6001 (Item description is ASPH (MULTI OPTION))
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Reported PR

Scatter plot for Item 0316-6001 Cleaned Data with 76 cases
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SUMMARY STATISTICS AND ANALYSIS RESULTS FOR LOCATION (URBAN/RURAL)

APPENDIX 5.3.

Items with Some Significant Results (16 Items)

Raw | Summary Stats of PR Regression Results
Non- .
N . . Valid
ID | Item Valid parametric
Rural Urban . Results
N Comparison N
test
N=60 N=31 Ha: mi<my Ha: Burban¢0
Mean=80.58 Mean=197.61 w=421 F (1,86 =7.58
Median=32 Median=97 p<0.001*** p=0.007**
1 | 4% 91 91 88
2007 SD=153.72 SD=274.36 95% Cl for m-my: Burban=75.42
. . (95% Cl: 20.97,
Min=4 Min=20 (-80, -26) 129.87)
Max=984 Max=1259
N=55 N=26 Ha: me>my Ha: Burban?0
Mean=3742.93 Mean=7997.23 W=531 F,77=4.01
5 0677- 81 81 Median=1214 Median=4493 p=0.03* 79 p=0.04
2001 SD=6656.75 SD=14329.59 95% Cl for m;-my: Burban=2511.1
Min=50 Min=4 (-3890, 46) (95% Cl: 14.18, 5008)
Max=42434 Max=69490
N=53 N=24 Ha: me<my Ha: Burban¢0
Mean=5.91 Mean=8.21 W=497 F (1,74) =4.89
- Median=4 Median=5 p=0.06 p=0.03*
3 | 0068 77 77 76
2116 SD=6.6 SD=6.58 95% Cl for me-my: Burban=2.94
Min=1 Min=1 (-5,0) (95% Cl: 0.29, 5.59)
Max=39 Max=20
N=42 N=30 Ha: m,<m, Ha: Burban#0
Mean=11948.71 | Mean=86774.84 W=336 F (169 =11.29
Median=3321 Median=22390.98 | p<0.001%*** p=0.001**
4 | 0160 72 72 71
2003 SD=16862.98 SD=199095.9 95% Cl for m,-my: Burban=41210
. . (95% CI: 16743,
Min=8.01 Min=138.89 (-35365, -3504) 65675)
Max=66870.75 Max=1061656
N=20 N=47 Ha: me<my Ha: Burban¢0
0310- Mean=1053.6 Mean=3716.22 W=262 F o ee=7.217
5 67 67 66
2005 Median=650 Median=1800 p=0.002** p=0.009**
SD=928.24 SD=11139.68 95% Cl for me-my: Burban=1055.1
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Min=150 Min=0 (-1548, -263) (95% Cl: 270, 1840)
Max=2875 Max=7766.16
N=32 N=48 Ha: me<m, Hat Burban#0
Mean=13.46 Mean=39.23 W=306 F (1,77 =13.91
6 0420- 20 %0 Median=7.8 Median=22.48 P<0.001*** 79 P<0.001***
2004 SD=11.77 SD=49.35 95% Cl for me-my: Burban=19.94
Min=0.43 Min=4.98 (-20,-9) (95% Cl: 9.29, 30.58)
Max=46.3 Max=313.57
N=30 N=61 Ha: me>my Ha: Burban#0
Mean=11.07 Mean=4.72 W=1247 F (1,88) =12.55
. 0467- o1 o1 Median=6 Median=4 p=0.002** %0 P<0.001***
2286 SD=11.62 SD=4.02 95% Cl for me-mu: Burban=-4.59
Min=1 Min=1 (0,4) (95% Cl: -7.16, -2.01)
Max=62 Max=22
N=33 N=32 Ha: me<my Ha: Burbanz0
Mean=243.55 Mean=893.88 W=236.5 F 1,62 =14.1
0618. Median=64.5 Median=687.5 P<0.001*** P<0.001***
8| 5018 65 65 [ sp=352.9 SD=945.35 95% Cl for me-my: 64 | Bunen=546.5
Min=10 Min=18 (-754, -125) :393570@8;: 255.54,
Max=1200 Max=4112
N=43 N=52 Ha: m>m, Ha: Burban#0
Mean=2835.77 | Mean=1010.71 W=1609.5 F 1,00 =12.84
g | 0662- o5 o Median=1633.75 | Median=585 P<0.001*** o P<0.001***
2001 SD=2930.79 SD=1210.78 95% Cl for m-my: Burban=-1259.7
Min=130 Min=50 (370, 1750) (95% Cl: -1958, -561)
Max=11080 Max=6550
N=44 N=50 Ha: mr<m, Ha: Burban#0
Mean=13.38 Mean=78.49 W=375 F (1,91 =29.45
0432 Median=6.8 Median=56.27 p<0.001*** p<0.001***
101 5001 94 94 | sp=19.74 SD=92.44 95% Cl for my-my: 93 | Buan=55.79
Min=0.42 Min=0.68 (-64, -26) (715.;/"2)0: 35.37,
Max=97.71 Max=534.81
N=39 N=53 Ha: mi<m, Ha: Burban#0
Mean=410.27 Mean=1152.19 W=432 F (1,89 =29.25
1 | 3268 o o Median=388.43 | Median=1203.68 | p<0.001*** o1 p<0.001***
2008 SD=380.43 SD=782.05 95% Cl for m,-my: Burban=706.47
Min=4.99 Min=59.35 (-1059, -370) (95% Cl: 447, 966)
Max=1554.86 Max=2995.84
L | 0aes- 6 " N=45 N=18 Ha: m<m, o Ha: Burban#0
2001 Mean=1.27 Mean=3.5 W=116 F (1,58 =52.42
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Median=0.75 Median=3.75 p<0.001*** p<0.001***
SD=1.58 SD=2.11 95% Cl for m-my: Burban=2.21
Min=0.25 Min=0.5 (-3,-1) (95% Cl: 1.60, 2.82)
Max=8 Max=9
N=57 N=36 Ha: me>my Ha: Burbanz0
Mean=250.38 Mean=39.47 W=1845.5 F (1,87 =17.38
Median=120 Median=42 p<0.001*** p<0.001***
13 | B1& 93 93 89
6002 SD=305.33 SD=18.69 95% CI for me-mu: Burban=-149.87
% Cl- - -
Min=14 Min=3 (63,112) (7985fl)a 22133,
Max=1120.5 Max=70
N=58 N=34 Ha: me>my Ha: Burban#0
Mean=5658.86 Mean=1277.35 W=1592 F (1,85)=24.8
0316- Median=3940 Median=1325 p<0.001*** p<0.001***
14 e001 92 92 | sp=7224.87 SD=491.19 95% Cl for me-my: 87 | Buwan=-23713
9 .- -
Min=4 Min=300 (1700, 3350) giszﬁ)u. 3318,
Max=32656 Max=1950
N=50 N=17 Ha: me>my Ha: Burbanz0
Mean=2674.84 Mean=836.75 W=568 F (1, 64y =3.42
s | 0297 o o Median=1322.6 | Median=508.08 p=0.02* . p=0.07
2366 SD=6810.71 SD=900.17 95% Cl for m;-my: Burban=-914.9
Min=38.86 Min=62.69 (8.87, 1065.86) (95% Cl: -1904, 74)
Max=47909 Max=3722.45
N=38 N=27 Ha: my>my Ha: Burban#0
Mean=2487.93 Mean=580.43 W=865.5 F (1,62 =23.73
Median=2071 Median=334.83 p<0.001*** p<0.001***
16 | 2230 65 65 64
2017 SD=1987.13 SD=633.38 95% Cl for me-my: Burban=-1761.5
9 .- -
Min=17.33 Min=45 (878, 2144) (1%532)0‘ 2482,
Max=7889.65 Max=2335.84
Items with Non-Significant Results (10 Items)
N=81 N=18 Ha: me>my
Mean=0.28 Mean=0.33 W=732
1 | 9500 99 oo | Vetan=0 Median=0.07 p=0.49 81 | NA (Only rural left)
6001 SD=0.3 SD=0.4 95% Cl for me-mu:
Min=0.02 Min=0.03 (-0.04, 0.04)
Max=0.9 Max=0.9
N=50 N=12 Ha: m:>my
Mean=2.7 Mean=3.17 W=322
2 2335 65 62 | Median=2 Median=1 p=0.34 48 | NA (Only rural left)
SD=2.67 SD=3.13 95% Cl for m-my:
Min=1 Min=1 (-1,1)
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Max=14 Max=8
N=46 N=25 Ha: mr<my Ha: Burban#0
Mean=17.8 Mean=11.76 W=529.5 F (1,67 =0.26
0644- - 7 Median=6.5 Median=9 p=0.29 6 p=0.61
2060 SD=25.93 SD=10.95 95% Cl for m-my: Burban=-2.03
Min=1 Min=1 (-5,3) (95% Cl: -9.95, 5.88)
Max=111 Max=45
N=24 N=41 Ha: me<my Ha: Burban#0
Mean=744.93 Mean=1065.24 W=402 F (1,63 =2.85
3224- - - Median=779.91 Median=911.29 p=0.11 - p=0.1
2008 SD=482.31 SD=851.87 95% Cl for m-my: Burban=320.3
Min=12 Min=0.02 (-759.61, 142.85) (95% Cl: -59, 699)
Max=1752.77 Max=2609.19
N=61 N=24 Ha: me<my Ha: Burbanz0
Mean=8.97 Mean=10.96 W=622.5 F (1,79 =3.07
- Median=6 Median=10 p=0.14 p=0.08
(Z)igz 8 8 SD=11.19 S$D=10.23 95% Cl for m-muy: 81 Burban=2.75
Min=1 Min=1 (-6,1) (95% ClI: -0.37, 5.88)
Max=60 Max=43
N=54 N=17 Ha: m,<m,
Mean=184.74 Mean=121.53 W=485.5
0672- - 7 Median=96.5 Median=97 p=0.64 55 | NA (Only rural left)
2012 SD=297.94 SD=99.94 95% Cl for me-my:
Min=7 Min=8 (-53, 61)
Max=1938 Max=298
N=58 N=10 Ha: me<my
Mean=4459.83 Mean=6836.2 W=204
0666- 63 8 Median=2306 Median=5917 p=0.07 57 | NA (Only rural eft)
2003 SD=5640.89 SD=7399.86 95% Cl for m,-m;:
Min=9 Min=580 (-5329, 731)
Max=27050 Max=24970
N=56 N=11 Ha: m,<m,
Mean=16287.32 | Mean=12307.45 w=315
0666- &7 7 Median=7476 Median=10099 p=0.55 45 | NA (Only rural left)
2111 SD=19884.61 SD=11384.21 95% Cl for me-my:
Min=66 Min=79 (-7019, 8056)
Max=81101 Max=32980
N=33 N=44 Ha: m>my Ha: Burban#0
1122- Mean=945.82 Mean=928.27 W=707 F (1,73 =0.02
2037 77 7 Median=528 Median=518 p=0.58 7 p=0.88
SD=1266.85 SD=1047.18 95% Cl for me-my: Burban=32.72
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Min=35 Min=24 (-280, 206) (95% Cl: -389, 454)
Max=5555 Max=4960.64
N=51 N=14 Ha: mi<my
Mean=14984.08 | Mean=9939.86 W=399
10 8251- - - Median=9488 Median=9884 p=0.75 49 | NA (Only rural left)
2017 SD=15830.02 SD=8085.75 95% Cl for me-mu:
Min=33 Min=256 (-4140, 9541)
Max=62053 Max=25059
Items did not allow performing of statistical analysis due to small sample sizes (14 Items)
N=94 N=3
Mean=58.08 Mean=53.1
1 0432- 97 97 Median=15.7 Median=74.3 NA NA NA
2039 SD=126.09 SD=39.08
Min=0.02 Min=8
Max=1107 Max=77
N=79
Mean=1441.04
2 | 3268 79 79 Median=1387.4 NA NA NA NA
2047 SD=1048.75
Min=9.5
Max=4971
N=58 N=8
Mean=641.74 Mean=1399.12
3 0662- 66 c6 Median=307.5 Median=1358.5 NA NA NA
6111 SD=1017.25 SD=1117.17
Min=40 Min=161
Max=6812 Max=3555
N=68
Mean=1142.67
4| 322 68 68 Median=1064.32 NA NA NA NA
2042 SD=784.46
Min=0.52
Max=2583.54
N=79
Mean=1136.35
5 [ 9341 79 79 Median=1073.62 | NA NA NA
6042 SD=1215.16
Min=1.68
Max=9294.8
6 | B¢ 60 60 N=52 N=8 NA NA NA
2015 Mean=2089.71 Mean=2519.75
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Median=1240
SD=1823.36
Min=190
Max=7475

Median=2215
SD=1383.57
Min=400
Max=4344

0316-
2594

69

69

N=63
Mean=249.86
Median=186
SD=262.49
Min=3
Max=1204

N=6
Mean=166.67
Median=181.42
SD=82.08
Min=23.8
Max=268.24

NA

NA

NA

0247-
6041

85

85

N=85
Mean=1063.7
Median=619
SD=1362.06
Min=30.5
Max=7123.7

NA

NA

NA

NA

0531-
2004

73

73

N=73
Mean=75.52
Median=47.8
SD=86.52
Min=0.04
Max=508.78

NA

NA

NA

NA

10

0341-
6076

80

80

N=80
Mean=771.07
Median=853.69
SD=461.45
Min=25.62
Max=2282.56

NA

NA

NA

NA

11

0341-
6008

62

62

N=62
Mean=1143.02
Median=886.02
SD=1012.05
Min=46.73
Max=7030.45

NA

NA

NA

NA

12

4481-
2001

74

74

N=74
Mean=129.06
Median=86.85
SD=86.52
Min=5.48
Max=460.8

NA

NA

NA

NA

13

91

91

N=91

NA

NA

NA

NA
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0275-
6001

Mean=74.3
Median=50.67
SD=61.18
Min=12.4
Max=465.69

2085-

14 2002

61

61

N=61
Mean=74.73
Median=62
SD=44.6
Min=10
Max=266

NA

NA

NA

NA

*P-value<0.05, **p-value<0.01, ***p-value<0.001

NA indicate no statistical analysis was feasible.
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Plots for Descriptive Statistics (only for Significant Items)

For Item 0496-2007 (Item description is REMOV STR (PIPE))

PR comparison for Rural/Urban areas
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For Item 0677-2001 (Item description is ELIM EXT PAV MRK & MRKS (4"))
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For Item 0668-2116 (Item description is PREFAB PAV MRK TY C (W) (WORD))
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PR comparison for Rural/Urban areas
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For Item 0160-2003 (Item description is FURNISHING AND PLACING TOPSOIL (4"))

PR comparison for RurallUrban areas
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For Item 0310-2005 (Item description is PRIME COAT (MC-30 OR AE-P))
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PR comparison for Rural/Urban areas
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For Item 0420-2004 (Item description is CL C CONC (BENT))

PR comparison for Rural/Urban areas
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For Item 0467-2286 (Item description is SET (TY Il) (18 IN) (RCP) (6:1) (P))
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PR comparison for RurallUrban areas
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For Item 0618-2018 (Item description is CONDT (PVC) (SCHD 40) (2"))

PR comparison for Rural/Urban areas
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For Item 0662-2001 (Item description is WK ZN PAV MRK NON-REMOV (W) 4" (BRK))
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PR comparison for Rural/Urban areas
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For Item 0432-2001 (Item description is RIPRAP (CONC) (4 IN))
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For Item 3268-2008 (Item description is D-GR HMA TY-B PG64-22)
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PR comparison for RuralUrban areas
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For Item 0465-2001 (Item description is INLET (COMPL) (TY C))

PR comparison for Rural/Urban areas

c
[
B dee=ad| | e
7
sS4+ ---4000 © O 0 ¢
E .

| | |

0 2 4 6 8

For Item 0316-6002 (Item description is AGGR (MULTI OPTION))

365



PR comparison for Rural/Urban areas
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For Item 0316-6001 (Item description is ASPH (MULTI OPTION))

PR comparison for Rural/Urban areas

Urban
|
[

Rural
1
—_—
v
PR W,
o
o
]

o
o
©

| 5000 10000 15000 20000 25000 30000

For Item 0247-2366 (ltem description is FL BS (CMP IN PLC) (TY A GR 5) (FNAL POS))
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PR comparison for Rural/Urban areas
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For Item 0530-2017 (Item description is TURNOUTS (ACP))
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APPENDIX 5.4

SUMMARY STATISTICS AND ANALYSIS RESULTS OF DAY OR NIGHT

Items with Some Significant Results (3 Items)
Summary Stats of PR Non- . Regression
Parametric Results
ID | Item | RawN - ) -
Valid Night Da Comparison | Valid Results
N J v test N
N=29 N=33 Ha: mp<mg Ha: Baayz0
Mean=894 Mean=2728.67 W=315.5 F (1,58 =8.3
Median=540 Median=1580 p=0.01* p=0.005**
0662- $D=1228.42 SD=2882.12 95% Clfor M- Beay- 1364.2
1 95 62 ma: 60
2001
(95% CI:
Min=180 Min=50 (-2520, -50) 416.6,
2311.8)
Max=7096 Max=10220
N=35 N=48 Ha: ma<mg Ha: Bgay20
Mean=40.49 Mean=228.6 W=206.5 F,7m =147
Median=42 Median=110.25 p<0.001*** p<0.001***
0316- $D=17.93 SD=296.88 95% Clfor M- Bay- 115.92
2 93 83 ma: 79
6002
(95% Cl:
Min=3 Min=14 (-99, -50) 55.72,
176.11)
Max=70 Max=1120.5
N=37 N=48 Ha: ma<mg Ha: Bgay20
F (1,80
Mean=1200 Mean=5561.23 W=251.5 -34.68
Median=1250 Median=4050 p<0.001*** p<0.001***
- 0, _
3 ggéi’ 92 85 | sp=539.52 SD=6979.73 9me’ Cifor ma 82 | Buxy-2725.8
(95% Cl:
Min=250 Min=4 (-3500, -2030) 1804.6,
3647)
Max=1950 Max=32656
Items did not allow performing of statistical analysis due to small sample sizes (37 Items)
N=71
Mean=67.55
1 0432- 97 71 | Na Median=16.4 NA NA NA
2039 SD=141.27
Min=0.15
Max=1107
N=1 N=40
0500- Mean=0.8 Mean=0.36
2 6001 9 41 Median=0.8 Median=0.29 NA NA NA
SD=NA SD=0.3
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Min=0.8 Min=0.02
Max=0.8 Max=0.9
N=1 N=67
Mean=99 Mean=125.28
3 0496- o1 68 Median=99 Median=52 NA NA NA
2007 SD=NA SD=226.31
Min=99 Min=4
Max=99 Max=1259
N=1 N=37
Mean=2 Mean=2.95
4 0542- 65 38 Median=2 Median=2 NA NA NA
2002 SD=NA SD=2.84
Min=2 Min=1
Max=2 Max=14
N=42
Mean=11.64
5 0644- 71 42 | NA Median=6 NA NA NA
2060 SD=15.41
Min=1
Max=66
N=2 N=56
Mean=7510 Mean=4692.27
6 0677- 81 58 Median=7510 Median=1265.5 NA NA NA
2001 SD=1516.04 SD=10897.83
Min=6438 Min=4
Max=8582 Max=69490
N=63
Mean=975.73
7 3224- 65 63 | na Median=860.92 NA NA NA
2008 SD=743.08
Min=12
Max=2609.19
N=4 N=25
Mean=10.25 Mean=6.44
3 0668- 85 29 Median=7 Median=4 NA NA NA
2106 SD=10.4 SD=6.01
Min=2 Min=1
Max=25 Max=22
N=4 N=27
Mean=7 Mean=5.59
9 0668- 77 31 Median=6 Median=4 NA NA NA
2116 SD=6 SD=4.92
Min=2 Min=1
Max=14 Max=21
N=43
Mean=42067.55
10 0160- 72 43 | NA Median=3371 NA NA NA
2003 SD=163879.5
Min=98
Max=1061656
N=29
11 0310- 67 29 | NA Mean=2091.97 NA NA NA
2005

Median=1827.5
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SD=1640.54

Min=210
Max=6150
N=1 N=58
Mean=40.6 Mean=34.14
0420- Median=40.6 Median=22.48
12 80 59 NA NA NA
2004 SD=NA SD=45.42
Min=40.6 Min=2
Max=40.6 Max=313.57
N=53
Mean=6.3
13 | 9467 91 53 | NA Median=4 NA NA NA
2286 SD=9.61
Min=1
Max=62
N=2 N=54
Mean=698.5 Mean=590.38
0618- Median=698.5 Median=178
14 65 56 NA NA NA
2018 SD=350.02 SD=831.07
Min=451 Min=10
Max=946 Max=4112
N=3 N=26
Mean=109.33 Mean=107.28
15 0672- 71 29 Median=97 Median=82.5 NA NA NA
2012 SD=44.79 SD=85
Min=72 Min=8
Max=159 Max=347.25
N=58
Mean=42.42
16 | 9% 94 58 | NA Median=10.39 NA NA NA
2001 SD=59.77
Min=0.42
Max=252.77
N=7 N=16
Mean=9123 Mean=2934.81
17 0666- 68 23 Median=6279 Median=1615 NA NA NA
2003 SD=8842.47 SD=3174.25
Min=990 Min=20
Max=24970 Max=9508
N=5 N=20
Mean=20696.4 Mean=16611.55
0666- Median=26213 Median=7351.5
18 67 25 NA NA NA
2111 SD=12304.45 SD=22322.82
Min=3460 Min=66
Max=32980 Max=81101
N=1 N=30
Mean=278 Mean=638.97
1122- Median=278 Median=273
19 77 31 NA NA NA
2037 SD=NA SD=1103.22
Min=278 Min=35
Max=278 Max=5555
3268- N=5 N=12
20 2008 %2 17 Mean=1181.76 Mean=311.85 NA NA NA
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21

3268-
2047

79

40

Median=1366.42 Median=297.4
SD=552.77 SD=264.99
Min=231.39 Min=20.69
Max=1607.85 Max=897.27
N=5 N=35

Mean=1179.82
Median=1139.38
SD=562.21
Min=546.62
Max=2030.04

Mean=1263.13
Median=1397.57
SD=1009.41
Min=9.5
Max=4971

NA

NA

NA

22

0662-
6111

66

33

NA

N=33
Mean=780
Median=366
SD=1275.38
Min=77
Max=6812

NA

NA

NA

23

0465-
2001

63

54

NA

N=54
Mean=1.75
Median=1
SD=1.98
Min=0.25
Max=9

NA

NA

NA

24

3224-
2042

68

25

NA

N=25
Mean=738.59
Median=564
SD=672.45
Min=22.65
Max=2136.66

NA

NA

NA

25

8251-
2017

65

27

N=2
Mean=12657.5
Median=12657.5
SD=17538.37
Min=256
Max=25059

N=25
Mean=12860.12
Median=9449
SD=11819.71
Min=600
Max=38059

NA

NA

NA

26

0341-
6042

79

69

NA

N=69
Mean=1116.86
Median=1073.62
SD=1200.72
Min=30.53
Max=9249.8

NA

NA

NA

27

0247-
2366

67

53

NA

N=53
Mean=1488.89
Median=986.84
SD=1830.93
Min=38.86
Max=9255

NA

NA

NA

28

0316-
2015

60

48

NA

N=48
Mean=2036.56
Median=1425
SD=1727.7
Min=190
Max=7475

NA

NA

NA

29

69

38

NA

N=38
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NA
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0316-
2594

Mean=316.16
Median=260.5
SD=294.13
Min=10
Max=1204

30

0530-
2017

65

23

NA

N=23
Mean=1171.75
Median=808
SD=1147.76
Min=45
Max=3934

NA

NA

NA

31

0247-
6041

85

37

NA

N=37
Mean=1046.3
Median=667
SD=1184.54
Min=30.5
Max=5059.5

NA

NA

NA

32

0531-
2004

73

25

NA

N=25
Mean=116.97
Median=93.44
SD=124.45
Min=1.75
Max=508.78

NA

NA

NA

33

0341-
6076

80

74

NA

N=74
Mean=768.35
Median=858.13
SD=475.42
Min=25.62
Max=2282.56

NA

NA

NA

34

0341-
6008

62

62

NA

N=62
Mean=1143.02
Median=886.02
SD=1012.05
Min=46.73
Max=7030.54

NA

NA

NA

35

4481-
2001

74

70

N=6
Mean=172.37
Median=172.9
SD=59.81
Min=76.2
Max=235

N=64
Mean=130.58
Median=86.85
SD=87.39
Min=19.47
Max=460.8

NA

NA

NA

36

0275-
6001

91

46

NA

N=46
Mean=84.17
Median=50.14
SD=84.1
Min=12.4
Max=465.69

NA

NA

NA

37

2085-
2002

61

61

NA

N=61
Mean=74.73
Median=62
SD=44.6
Min=10
Max=266

NA

NA

NA
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*P-value<0.05, **p-value<0.01, ***p-value<0.001

NA indicate no statistical analysis was feasible

Plots for Descriptive Statistics (only for significant Items)

For Item 0662-2001 (Item description is WK ZN PAV MRK NON-REMOV (W) 4" (BRK))
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For Item 0316-6001 (Item description is ASPH (MULTI OPTION))

PR comparison for Day/Night
1;-- = :[ ‘{ o 0 (v} 00

| T T ] 1
0 5000 10000 15000 20000 25000 30000

Day
1

Night
L

374



BIOGRAPHICAL SKETCH

Angelica M. Neirawas born in Barranquilla, Colombia. She received a Bachelor of Science
with a major in Civil Engineering from University of Texas Rio Grande Valley in December 2016.
Since January 2017, she has been with the Department of Civil Engineering, where she was
employed as a Graduate Research Assistant. Her research interests lie in the field of Highway
Construction Management, she is currently focusing on the assessment of the contract time
determination systems used in Texas, and the factors affecting construction projects’ schedule.

Angelica is an active member of the American Society of Civil Engineers and the Honor Society.
Permanent Mailing Address: 2704 Nicole Dr, Mission TX 78574.

Email Address: angelica.neira01l@utrgv.edu

375



	Evaluation of the Most Significant Factors Influencing the Production Rates of Highway Construction Activities
	Recommended Citation

	tmp.1684250155.pdf.pHDqO

