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ABSTRACT:

The Michigan Department of Transportation (MDOT) utilizes production rates
from the MDOT Construction Manual to estimate overall contract time duration on new
construction projects. These published rates are of unknown origin and date, and often
underestimate what cuttent MDO'T contractors can achieve. This leads to excessive contract
time granted to contractors in many cases, leading to increased user delays and
inconvenience to the traveling public.

This research project examined the use of existing MDOT FieldManaget software data
for extracting historical production rates with a Microsoft Access database. Crush and shape
and passing relief Jane type contracts from the 1999 and 2000 construction seasons in the
Upper Peninsula were used as trial data for the project. Production rate data was found to be
available from the FieldManager construction inspection records. A practical procedure was
developed for MDOT to create and maintain a database of historical production rates.
Testing the production rates developed against a completed MDOT project revealed a
problem with the accuracy of applying the production rates to determining contract
durations. Additional research for the application of these histotical production rates for
estimating durations of contracts is needed. It is believed that recording additional work item
time data in FieldManager will imptove production rate accuracy. A discussion of the results
and recommendation for future work are included in order to effectively implement the
procedure in future MDOT practice. A brief review of the procedures used in other state

DOTs is also included.



CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

The Michigan Department of Transportation (MDOT) is the government agency
responsible fot transportation planning, design, construction, maintenance, and operation in
the state of Michigan. As such, it is also ultimately responsible for the scheduling of
construction projects within the state. Diffetent types of projects require varying amounts of
detail to be included in their construction schedules, howevet, all projects require that an
initial engineet’s estimate of the overall contract time be performed. The determination of
the overall contract time is petformed in otdet to judge the amount of time that should be
requited to complete the project. Ultimately, this time determination is incotporated into the
bidding documents as a date that the project must be completed. This time length also setves
to check the contractor’s submitted schedule in otder to assure MDOT and the citizens of
Michigan that the contractor will perform the construction in a reasonable amount of time,

without providing undue delays on the road users.
1.2 MDOT STRUCTURE

MDOT is cuttrently organized in a decentralized structure, with the main office in
Lansing, Michigan. The state is then divided into seven regional offices to setve different
geogtraphic regions, and each region has three to five Transportation Service Centers (TSCs).
These TSCs provide focused contract administration and some design services for the
MDOT projects in the immediate geographic area covered by the TSC. This structure allows
for each TSC to develop expettise in the issues and challenges faced by each area, as well as
to develop a closer relationship with the citizens and the contractors that work in the area
setved by the TSC. The Upper Peninsula is the Supetior Region, and TSCs are located in
Crystal Falls, Ishpeming, Escanaba, and Newbetry. The Regional Office is also located in
Escanaba. Each region of the DOT has a Region Engineer in charge; and each TSC has a
Manager in charge of the area setviced by that TSC. As a result of this organizational
structure, each TSC and each Resident Engineer have knowledge and techniques unique to
their area. 'This structure can provide benefits to the construction process and to the road

usets, however, this decentralized structure can have negative consequences because of the
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potential lack of standardized practices. Difficulties with sharing this local knowledge and

documenting assumptions and local conditions may atise.
1.3 SCHEDULING

Scheduling is a critical component of the administration process for all types of
construction. Scheduling provides all parties in the construction process with a timeline to
major events and completion of the project. Road construction projects have an added
incentive fot propet scheduling in that they are typically very visible to the public, and are
most often publicly funded projects. This makes the citizen both a pattial owner and 2
critical eye of the construction process. Inaccurate initial scheduling can lead to either
excessive of testrained timelines fot the contractor. Both cases have detrimental impacts
upon the public. Excessive contract time can lead to higher uset costs for the roadway
system, increased exposute to safety hazards for both the traveler and the construction
workforce, and increased agency costs for the contracting authority. Restricted time
schedules can also have negative impacts, such as raising bid costs and preventing smaller

.eligible contractors from bidding on the project. (“Construction”, 1991)
1.3.1 Production Rates

Production rates provide a means for relating the quantity of work performed to the
time it takes to do that unit of wotk. An example of a production rate is that a construction
crew might be able to excavate an avetage of 1300 m® of earth per day. Many factors can
affect the actual production rate on a particular job, such as geographic location, weathet
conditions, equipment and construction methods used, size of job, and worker skill, among
others. Although production rates can widely vary for the same item of consideration, a
typical approach for estimating contract durations is to use an average value that may be
applied throughout the whole project. Production rate data can be obtained from several
sources, such as published cost and productivity databases, construction personnel using
past expetience and engineering judgment, histotical records from similar projects, and more
sophisticated models to predict production rates based upon a number of input factots.

Mote information on production rate determination can be found in Chapter 2.




1.3.2 Controlling Items

Controlling items are defined as those items that are located on the critical path of a
project schedule. Controlling items ate also known as critical items. This means that any
delay in completion of the controlling items will delay the overall completion date of the
project. Conttolling items are typically the only activities listed in the MDOT Progress
Schedule, as discussed in Section 1.3.3 below. The production rates used for controlling
items are especially important, as these items are the key to completing a project on time, ot

in planning they determine the completion date.
1.3.3 MDOT methods

Cuttently, MDOT lists production rate data in the Preconstruction Administration
section of the 1998 Construction Manual, under Division 1 — General Provisions
(“Michigan”, 1998). An example of the production rate data is shown below in Figure 1-1.

Although this data can be a helpful reference for MDOT employees, the origin and
date of the data is not cutrently known. MDOT petsonnel have found that many of the rates
are inaccurate and do not represent what Michigan contractors ate routinely capable of
achieving (Sikkema, 2001). With recent technological advancements in construction and
increased pressure on contractors to petform faster, many of the rates listed in the
Construction Manual have proven to be undet-teptesentative of actual production rates.
This situation can lead to increased contract time allowance for contractors, which creates
mote user delays and mote exposure for Michigan’s commuters to ongoing construction

projects.



Embankment {CIP) 1500 m®/day 5300 m¥/day

Excavation and/or

Embankment (Freeway) 1500 m3/day 9200 m®/day
Excavation and/or v - _
Embarikment (Reconst) 750 m3/day 3800 m?/day
Embankment (Lightweight 300 m®/day 600 m?/day:
Fill)

Muck (Excavated Waste and

Backfill) 1500 m*/day
Excavation (Widening) _ 600 m*/day
Grading (G.and DS) 750 m?/day

Subbase and Selected
Subbase (up to 7.4 m) 600 m?/day

Subbase and Selected ‘
Subbase (7.4 m and over) 450 m®/day

Subgrade Undercut and
Backfill 1500 m®/day

Subbase and Open-Graded
Drainage Course 450 m3/day

Figute 1-1: Example MDOT Production Rates

When MDOT is preparing to let a contract for bidding, the resident engineer males
an estimate of the overall contract time. This contract time duration is determined by
utilizing either the published production rates from the Construction Manual, or updated
production rates that the resident engineer may have kept for his /het own records. Currently
there is no standardized method for resident engineers to update their production rates from
past projects. The tesponsible engineer must examine the type and scope of the project to
determine the controlling wotk items and associated quantities, then he/she must determine
which production rates to use for estimating, This information is then used along with the
“Work Day/Completion Date Determination” worksheet found in the construction manual
to compute the amount of days required for each controlling item. (Refer to Figure 1-2
below.) The days for each item are then added in order to find the overall time required for
the project. MDOT allows ovetlapping controlling items on projects in which Special
Provision FUSP102() is utilized (FUSP102(T), 1996). Thus a simple addition of the days




requited for the individual controlling items in a project is sufficient for all contracts except
those that use Special Provision FUSP102(I). Projects that utilize this special provision

require considetation of overlapping activities on the multiple critical paths of the schedule.

WOHRK URY[CUNFTLETTUN DRATE DETERNIVATIO

cs JN

DESCRIPTION OF WORK

MAJOR PRODUCTION ESTIMATED
WORK {TEM QUANTITY RATE TIME

TOTAL ESTIMATED TIME CAL WORK
COMPLETION DATE-WORK DAYS

COMMENTS:

Figure 102-2
Work Day/Completion Date Determi

(1998)

102:30

Figute 1-2: MDOT Work Day /Completion Date Determination Wotksheet

All MDOT conttacts require a Proggess Schedule to be submitted by the contractor
and this becomes part of the contract documents. The contractor must submit the progtess
schedule on Form 1130, shown in Figure 1-3 below, unless a Critical Path Method (CPM)
schedule is required on the project. This submission is generally done at the Preconstruction
meeting between the contractor and MDOT. The contractot’s proposed schedule is

compared to the number of days that the MDOT resident engineer has calculated. If the




resident engineer believes that the contractor’s duration is excessive, he will negotiate with
the contractor for a new schedule to be submitted. Once the schedule is agreeable to all

parties, it becomes part of the conttact documents.
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Figute 1-3: MDOT Form 1130




1.4 GOALS OF RESEARCH

The goal of this research project was to determine if typical production rate data could
be extracted from the histotical information contained in the FieldManager software data. If
this data is available, a practical procedure would be developed to extract this data for
MDOT to update their production rate documentation tegulatly. The intention is to
develop average production rates based upon a normal 8 hout wotking day to estimate
contract dutations for MDOT projects. Updated production rate data could prove valuable
in the contract time detetmination process for MDOT to ensure that the estimated contract

time is actually representative of what contractors can achieve on MDOT projects.




CHAPTER 2: BACKGROUND

As part of this research project, a literature review was completed to determine custent
methods used to estimate production tates and contract durations. To accomplish this
review, two tasks were completed: a review of published studies relating to this reseatch

project, and a teview of the current procedures used in several other state DOTs.
21 LITERATURE REVIEW

Several studies related to contract time determination were reviewed for this research
project. Although the scope of this reseatch project was not to develop a new contract time
determination system for MDOT, these studies are closely related to the reseatch project
and contain useful information for the MDOT’s consideration. The U.S. Department of
Transportation Federal Highway Administration (FHWA) published an impottant teport to
this tesearch project in 1991. The tepott Construction Contract Time Determination Procedures
outlines the factors involved in determining contract time and also discusses many of the
procedures that may be used to establish overall contracf time on highway transportation
construction projects (“Construction”, 1991). This document defines contract time as “the
maximum time allowed in the contract for completion of all work contained in the contract
documents.” The document also requires all State Highway Agencies (SHA) to have
adequate written procedures for determination of contract time to be approved by FHWA
by six months after September 3, 1991, the effective date of final rule of Title 23, Code of
Federal Regulations, Patt 635. The essential elements in determining contract time ate listed
as: establishing production rates for each controlling item, adapting production rates to a
particular project, and computation of contract time with a progress schedule. The
document provides some guidelines for establishing production rates, including “production
rates ranges should be established in the State’s procedures based upon the size, type
(grading, structures, etc.), and location (urban or rural) for controlling items of wotk.” The
recommendation is made to establish ptoduction tates based upon an accurate database of
notrmal historical rates of efficient contractors, based upon an 8 hour day or per piece of
equipment. It is noted that the most accurate data will be collected from site visits ot review

of recent documents where the contractor’s efforts are cleatly documented. A data file of




three to five years of histotical data should be used. The report also notes that “rates should
be updated regulatly to assute they accurately represent the statistical average rate of
production in the area.” The report specifies that production rates should be adapted to a
patticulat project by consideting the urgency of the project, the traffic volumes and effects
of detouts, size and location of the project, availability of matetials, and the effects of
different levels of commitment from the contractor. The report also notes that special
production rates may need to be developed for projects that are ctrucial and that may need to
be expedited. The report contains many more suggestions and recommendations relating to
contract time determination and techniques.

Another FHWA document contains a more extensive discussion of scheduling and
contract time determination practices among vatious state DOTSs in the United States
(Thomas et al., 1985). This document contains a discussion of the factors that affect contract
time, methods for determining contract time, activity durations and sequencing, conversion
of working days to calendar days, responsibility for determining contract time, and a
discussion of problems that may atise with completion times on projects. Hetbsman and
Ellis (1995) provide another reference for contract time determination. This document
discusses the factors that affect contract time, the contract time detetmination process, and

other relevant topics. A similar discussion was found in Thomas (Thomas et al., 1985).
2.1.1 Computerized Contract Time Determination Systems

Several state DOTs have developed computetized contract time determination
systems. Kentucky, Louisiana, and Texas have developed computetized methods based upon
templates of typical controlling wotk items for several different classes of job types. The
Texas Transportation Institute research repott Construction Contract Time Determination
documents the construction of the Texas DOT Contract Time Determination System
(CTDS) (Hancher et al, 1992). Based upon fourteen different classes of highway
construction projects and the entry of quantities for controlling work items, the CTDS
develops a bar chart schedule to predict contract time. The computetized method was
developed to wotk with Lotus 123, Flash-Up, and SupetProject software. A provision in the
report was also made for manual determination of contract time in a telated procedure. Data
for production rates was solicited from other state DOTS, Texas highway contractors, and a

sutvey from Texas DOT petsonnel. Production rate data was unable to be collected from



contractors, and base production rates were developed from a combination of other state’s
rates and the rates supplied by Texas DOT personnel. Initial production rate data was listed
for average, high, and low production rates. Next, a list of relevant sensitivity factots was
developed for use as multipliers of the base production rates, including: location, traffic
conditions, complexity, soil conditions, and quantity of work. Default adjustment factors
ranged from 1.00 to 0.65, with the note given that users may develop their own adjustment
factors if desired. It is noted that the adjustment factors are correlated and not truly
independent, hence a maximum of two adjustment factors are‘ recommended to be applied
to base production rates. This helps prevent inaccuracies due to the interactions and ovetlap
between the adjustment factors. The system computes contract time in work days, with a
note that the user may later convert the work days to calendar days if desired.

The Louisiana Transportation Reseatch Center developed a related system by using a
program developed with Lotus 123 Release 5 macro language (McCraty et al, 1995). This
system is based upon 23 different templates, along with production rates developed from
review of approximately 100 completed construction projects. A discussion of the reseatch
project’s recommendations revealed that “the greatest portion of time and effort for this
research project was dedicated to determining verifiable production rates based on data
obtained from recently completed construction projects.” To improve upon this process, it
was recommended that the Louisiana DOT adopt an automated system for collecting work
progress information. This recommendation has already been met in Michigan with
MDOT’s use of FieldManager software.

The Kentucky Transportation Center developed a computetized, template based
contract time determination system for the Kentucky Transportation Cabinet (KTC)
(Werkmeister et al, 2000). This system was similar to the Louisiana system, with differences
of utilizing only 6 project templates and using Microsoft Project 98 and Microsoft Excel 7.0
software. Design quantities are input to a Microsoft Excel template file for relevant work
items, then applied to default production rates contained in the system. Calculated activity
durations ate then developed in Excel and passed on to Microsoft Project for application of
scheduling logic and development of a bat chart schedule. Both the production rates used
and the calculated activity durations can be manually updated by the system user if desired.

Section 2.2.2 below details additional information on this system.
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2.1.2 Production Rate Calculations

As a result of and an extension of the wotk done by McCrary et al in 1995, Leslie
examined four different methods of determining production rates from historical quantity
records (Leslie, 2000). Thirty-six histotical Louisiana Department of Transportation and
Development (LaDOTD) rural asphaltic concrete overlay projects wete used to generate
and validate the production rates. Quantities for televant work items were determined from
construction inspector’s daily repott information and from the project’s final pay estimate.
Quantities from these two soutces were compared, with a result of either daily quantities
wete estimated for every day of work, or daily quantities were not estimated for every day of
work. Modifiers were applied to the daily quantity data if necessary in ordet to account for
all quantities from the final pay estimate. Since no information was contained in the
inspection tecords of time for each work item, four different methods of assigning time
values to the associated quantities were developed. These methods were “based upon
logically assumed relationships between quantity values and time values.” Method 1 assigned
a full day to each daily quantity, which gives the mean of the daily production rates. Method
2 compared the daily quantity with the mean value and applied a cottection factor of the
daily quantity/mean to a value of 1 day’s time if the daily quantity was found to be less than
or equal to the mean. If the daily quantity was greater than the mean, a time of 1.0 day was
applied. Method 3 assigned a time value of 0.5 days if the daily quantity was less than or
equal to the mean. A time value of 1.0 day was applied again if the daily quantity was greater
than the mean. Method 4 assigned times in increments of 0.5 days depending upon the
relationship of the daily quantity to the mean. For values of the daily quantity between 0.5 X
mean to 3.0 X mean and greatet, the time values ranged from 1.0 day to 3.0 days maximum,
For values of the daily quantity less than 0.5 X mean, the time value was modified similar to

the equation in method 2. Refer to Figure 2 — 1.
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e Method 1: Time = 1.0 day

e Method 2: If Quantity < Mean:

. __ Daily _Quantity «
Time = Mean 1day

If Quantity > Mean: Time = 1.0 day

e Method 3: If Quantity < Mean: Time = 0.5 day
If Quantity > Mean: Time = 1.0 day

e Method 4: If Quantity < 0.5¥*Mean:
Time = 22R=010 1 gy
If 0.5%Mean < Quantity < 1.5*Mean: Time = 1.0 day
If 1.5%*Mean < Quantity < 2.0¥*Mean: Time = 1.5 days
If 2.0¥Mean < Quantity < 2.5*Mean: Time = 2.0 days
If 2.5*Mean < Quantity < 3.0*Mean: Time = 2.5 days

If Quantity > 3.0*Mean: Time = 3.0 days

Figure 2-1: Time Calculations for Leslie Methods

After development of production tate data by the above methods, these production
tates wete applied to each of the 36 projects used to calculate the production rates in order
to generate contract times. Conttact time data was also available from the LaDOTD’s
original estimate, as well as the actual construction duration. Contract times were developed
from the four production rate methods by utilizing the software progtam developed by
McCraty et al (1995). This softwate develops two contract times for each production rate

method: one contract time considers item ovetlapping, while the other method assumes all

work items are petformed sequentially and sums all individual item durations. Two data sets
of contract times were created from this program: data set A considers ovetlapping activities,
while data set B considers a summation of work items. A statistical analysis was performed

to determine if there was a significant difference produced between the different contract
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time methods. A significant difference was found to exist, and additional statistical analysis
was petformed to study the individual production rate methods. It was found that the mean
production rates of method 1 most closely matched the actual contract times when the
contract times were based upon concutrent wotk activities. When contract times were based
upon sequential work activities, method 4 produced contract times which most closely
matched the actual durations. Finally, the contract times of data set A and data set B were
compared to the actual duration. Method 4 of data set B was found to have the overall best
match with the actual contract time. The repott notes that although method 4 produced the
best match for the actual contract time, method 1 may still be the best overall method to use.
This was attributed to the ease of computing mean production rates when compared with
the noted minimal precision gained by utilizing method 4.

The repott concludes that LaDOTD should continue to use mean production rate
values in conjunction with their Contract Time Determination System softwate to develop
contract times. The report concludes with recommendations to LaDOTD for future
improvements in the contract time determination process, including the development of a
computetized system of daily inspection reporting. A recommendation is included for the
LaDOTD to consider tequiting contractors to repott daily quantities and daily production
rates for their construction projects with LaDOTD. An additional recommendation is made
for the LaDOTD to petform petiodic checks of current production rate information.

Ellis petformed a study to present the concept of a factorial model for explaining
variance in construction production rates (Ellis, 1989). This study utilized a SAS software
package to develop a detailed statistical model to quantify some of the factors that affect
construction production rates. Petforming a model of this detail was beyond the scope of
this research project. The data gatheting process for this research project could be utilized to
create a database for development of a similar model for MDOT’s use.

Herbsman and Ellis (1998) also petformed a detailed study for the Florida
Department of Transportation (FDOT) to examine their current production rates and
recommend revisions where needed. This research project involved collecting data from
production rates used by other DOTSs, a field survey of production rates from FDOT
projects, and discussions with FDOT contractors. The field observation data collected for
each work item generally included the total quantity of wotk in the job, the date, quantity

and number of hours worked for each of five individual work obsetvations, and a record of
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which factors may have had an effect upon the production, such as weather, traffic,
insufficient manpower ot equipment, and phasing of work tequited by contract. This study
is an excellent example of a detailed statistical development of production rates, although the
actual production rates developed by this study are now somewhat dated and may not be

applicable.
2.2 STATE DOT REVIEWS

Personnel from several other state DOTSs were contacted by the research team to
determine some of their current production rates and contract duration determination

procedutes. Appendix B contains additional detail on the data gathered from these sources.
2.2.1 Towa

Accotding to the Towa DOT document “Letting Guidelines”, the Iowa Office of
Contracts establishes contract time periods with input from field offices (Iowa, 2002).
Average production rates are supplied in this document that are then utilized to evaluate the
number of days needed for each item of controlling wotk. The reviewer must then apply
his/her knowledge to the project to determine the overlap of concutrent operations. This
step then leads to a calculation of the total number of working days tequired for the project,
listed on the proposal/contract in increments of 5 days. The Iowa Estimate of Time
Required Form allows for documentation and relevant comments to be recorded for the
contract time establishment procedure. The type of contract period must then be selected
from the following types: Specified Start Date, Approximate Start Date, Late Start Date, and
Completion Date. Refer to Appendix B for more information.

The Iowa DOT employee Mr. Jack Krandel provided information that the
production rates listed in the “Letting Guidelines” document wete established approximately
ten yeats ago, and ate updated “at any time that our office feels a different rate is justified.
The Letting Guidelines ate ptinted once a year along with our yeatly ptinting of standard bid

items.” (Krandel, 2002).
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2.2.2 Kentucky

Mr. Donn E. Hancher provided additional information regarding the Kentucky
Transportation Cabinet’s use of the IKentucky Contract Time Determination System
(Hancher, 2002). He provided that the Kentucky Transportation Cabinet (KKTC) had
implemented and tested the system within the state. He tepotts that the system “tightened
up on the contract times, but can always be overridden by the user with their own
production rates ot just insert the times they want used.”” Mr. Hancher also provided the
research team with a copy of the Microsoft Excel template files that were developed for the
system. These template files contain default production rates for the necessary items. The
production rates were specifically developed to support conceptual estimating and include
supporting items necessary to complete the major work items.

Mt. Hancher also provided copies of the “KY-CTDS Operating Manual” and “Final
Report IKY-CIDS Kentucky Contract Time Determination System (IKYSPR-99-195)”
documents. Section 5.0, Development of a Conceptual Project Planning System for KY'TC
Projects, details the development of the model and production rates used. A study advisory
team was constructed with members from the KTC and the University of Kentucky. A
subset working committee of members with significant construction experience was selected.
Only activities that were on the critical path, or could ever possibly become part of the
ctitical path, were selected for inclusion in the templates. The report notes that difficulty was
encounteted by the research team to set aside all other project activities and focus on the
project duration controlling activities. English units of measure were selected as the standard
due to the Kentucky Transportation Cabinet’s standardization with English units. Activity
relationship logic levels wete next detetmined in the form of listing the preceding activities
for each item and the percentage required of the preceding item completed to statt the new
item.

Selecting default production tates for the systems was accomplished through debate
and discussion among the members of the research working committee. The committee
agreed to set default production rates with the understanding that the local districts of KTC
could adjust these default rates for their needs. A total of forty different controlling activities
wete estimated with default production rates. These rates were then compared to old

production rates from KTC’s previous contract time determination system. The old rates
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were discarded with the reasoning that they were too generous for contractot time. The new
rates were then tested on recently completed highway projects with the tesult that the
durations would have been challenging to the contractor but within reason.

The next task assigned a range of values for consideration in setting the actual
production rates used in the system. A lower and an upper limit on the average production
rates were created based upon the size and location of the job, the type of soil conditions
and topography, and the complexity of the job.

The remainder of the final report details the development of the link between
Mictosoft Project and the Excel project templates, along with other details of the softwate

development and implementation.
2.2.3 Wisconsin

The State of Wisconsin Department of Transportation Facilities Development
Manual provides guidelines for Contract Time for Completion (“Facilities”, 2000). This
document defines key terms, lists procedutes to establish contract time, lists factors affecting
contract time, and includes estimated production rates for computing contract time. A note
is given that production rates should be adjusted to meet the conditions of each individual
contract. Relevant factors that affect production rates are listed as size of work areas, time of
year constructed, and congestion due to traffic, etc. Appendix B contains a copy of this
document for reference. |

Mt. Richard R. Filsinger of the Wisconsin Depattment of Transportation Bureau of
Highway Construction provided the research team with the document. Mr. Filsinger also
provided that the cutrent document was the first publishing of production rates, and that
these rates had hence not been updated yet (Filsinget, 2002). He stated that Wisconsin DOT
districts may have their own production tate tecords on file, but no centtalized updating of
records had taken place currently. Mr. Filsinger was unaware of the individual(s) responsible

fot development of the rates cutrently listed in the Facilities Development Manual.
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2.2.4 Illinois

Production rate information was also obtained from the Illinois DOT. The rates are
intended to be applied to a notmal 8-hour workday. A listing of the production rates and

notes for their application appears in Appendix B.
2.2.5 Florida

Production rate information was also obtained from the Flotida DOT. A listing of
the production rates and guidelines for establishing’ contract durations appears in Appendix
B. (“Establishing”, 1999 and “Guideline”, 1994)

2.2.6 Indiana

As a final comparison for related production rate information, the Indiana Department
of Transportation also provided the research team with cutrent production rate information

(Bertram, 1997) The production rates and notes for their application are included in

Appendix B.
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CHAPTER 3: FIELDMANAGER SOFTWARE

In the early 1990’s MDOT realized the need for a computerized contract administration
database system. An eatly version of the system called CPRKS was developed in-house by
MDOT. MDOT cutrently utilizes a petsonal computer (PC) based contract administration
software system called FieldManager, developed in conjunction with Info Tech, Inc. from
Gainesville, Flotida. This award winning softwate has been adopted with great success in
recent MDOT practice (Ovetby, 2001 and Couto, 2001). FieldManager is utilized for
tecording Inspector’s Daily Reports (IDRs), daily diaries, contract item documentation,
contract material documentation, material stockpile quantities, pay estimates, contract
modifications, and other important contract information. Figure 3 — 1 presents an example
of the FieldManager list of IDRs. Numerous inquiries are also available to provide for
additional presentation options of the data recorded in the FieldManager files. Inspector’s
Daily Repotts ate the ptimary source of recording data from construction in the field
through the MDOT field inspectors. Figure 3 — 2 presents an example IDR from MDOT
contract 75022-45618. Daily diaties are intended for documentation from the office
personnel at the job’s corresponding TSC to clatify or provide more detail on a job for a
particular day. The pay estimates function of FieldManager allows for tecording and tracking
which items have been approved for payment to contractors. The contract modifications
function allows for data entry and recording of contract modifications that are necessaty for
the completion of the project and the contract administration. The other remaining
functions of FieldManager setve to ptesent and ofrganize the information enteted through

the IDRs, daily diaties, pay estimates, and contract modifications.
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=
Kottt

Michigan Department of Transportation

Inspector’s Daily Report

714/00 2:06 FM

FleldManager 3.09

Contract: 75022-45618, BITUMINOUS COLDMILLING AND RESURFACING

IDR Date Day of Week Sequence No. Import Date Prbject / Resident Engineer
7111100 Tuesday 1 ' 717100 Michael L. Kallio
Inspector’s Initlals-Name Federal Project Number
CR Charlie Rousseau N/A
Prime Contractor
PAYNE & DOLAN, INC,
Eritered By Revised By Revision Date Revision-No.
CR, Charlle Rousseau \
Temperatures " Weather
Low: 18°C High: 23°C clear

Comments

Contractor placing embankment and slope restoration at locations shown on this days IDR. slope restoration work in

progress.

Contractor/Subcontractor

Equipment No. Hrs.

" Contractor/Subcontractor's Name - Personnel No. Hrs.
PAYNE & DOLAN, INC. flag people 2 grader . 1
-+ forman 1 -lighted arrow boards 2 :
laborers 2 loader 1 |
mechanic 1 power broom 1 ;
operators 2 shoulder spreader 1
trucks 3
item Postings
Item/Materlal item  Prop. Brkdwn
Description - Code Line Prolect Category Quantity Unit Locatlon iD Attn
Embankment, LM 2050011 0070 45618A 0001 147.000 M3  14775-2+485 it 007
2+080-2+200 1t
Itern Remarks: irk # 95-1 3/ds @28m3=84m3 ’
trk#97-1 3lds @ 21m3=63m3
Ids are at 75% capacity. see inspector Dekysers iDRs for trk meas.
Granular Material, Cl IIf 147.00 m3
Reviewed By:
{Signature) (Date)
Contract: 75022-45618 IDR: 7/11/00, CR, 1 Page 1ot

Figure 3-2: Example FieldManager IDR

20

FieldManager is patt of a suite of telated software products, including FieldBook,
FieldPad, FicldBuilder and FieldNet. Togethet, these products allow state DOTs to manage
their contracts and maintain electronic documentation of these projects. Other state DOT's
that currently use FieldManager in a manner similar to MDOT ate Oklahoma, Maine,

Wisconsin, and Iowa (Baldwin, 10 April 2002).
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3.1 CURRENT MDOT UsgE

MDOT has a considerable amount of time, money, and training invested in this
softwate system. As an example, all of the MDOT inspectors have been issued a laptop
computer with FieldBook software, a companion subset of FieldManager developed to
automate the data entry process for field construction inspectors. The field inspectors utilize
FieldBook to enter their IDRs. These are used to document important job conditions and
activities, such as the day’s weather conditions, the inspector’s comments, which
contractot(s) were working, which equipment was used on site and their quantities and
houts, which personnel were on site and their number and hours, the matetial quantities
placed, and the location(s) of work activity.

FieldManager operates in a client/server network system on MDOT computers
throughout the state. This means that MDOT client computers with FieldManager at TSCs
can communicate and share information with MDOT server computers to provide

centralized payment estimates and other functions for jobs.
3.2 TRAINING

Basic training in the use of FieldManager software for the research was conducted at
Michigan Technological University in May 2001. This training included the basics of
FieldManager use, such as program setup, progtam navigation, and data entry. This training
also introduced the possibility of accessing the FieldManager data with Microsoft Access.
Advanced FieldManager training was conducted with InfoTech in Gainesville, Flotida on
September 11 and September 12, 2001. The Advanced training session included the
following topics: Database Fundamentals, FieldManager table structure, ODBC linking of
FieldManager with Microsoft (MS) Access, creating Access queries and creating Access

reports.
3.3 INTERNAL FIELDMANAGER STRUCTURE

The basic structure and otganization of the FieldManager software system is
documented in the InfoTech publication Fie/dManager System  Design  Document

(“FieldManager”, 2000). This publication includes detailed information on such subjects as
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the hardware and softwate requitements of the system, data flow structure, development
process, and internal table and report structure utilized in FieldManager.

Of particular interest to this research project was Chapter 3, FieldManager Reports, as
well as Chapter 4, Database. A condensed version of the Fie/dManager System Design Document
with these two chapters was obtained at the Advanced FieldManager training session, and
served as a useful refetence for the development of the MS Access database described
below. Section 5.1.2 of this report describes the FieldManager tables and fields that were

utilized in this research project.
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" CHAPTER 4: DATA COLLECTION

Current MDOT FieldManager data files wete needed for analysis by the research team
in the project. Read-only copies of the FieldManager data files were obtained from MDOT
offices for the various contracts studied in this research project as outlined below. These
read-only files wete then imported into FieldManager software on a computer at Michigan

Technological University available to the research team.
4.1 PROJECT SELECTION PROCESS

During the summer of 2001, the research team met with vatious representatives of
MDOT at numerous Transpottation Service Centers (ISC’s) and regional offices. Projects
from the Upper Peninsula were focused upon to facilitate the data collection process and
also because of theit simplified job complexity compared to many jobs in the Lower
Peninsula. Many jobs located downstate tequite additional restrictions, such as expedited
construction, or lane closutes that serve to complicate the schedules. To focus upon the
underlying data in FieldManaget, and as a ttial to determine if the data could be collected in
the manner desired, these more complicated projects were not selected for this research
study. As discussed below in the Data Analysis Chapter, the procedure developed will allow
for any job in the FieldManager system to be analyzed, so this restriction upon project
complexity will not be a problem for future application of the analysis procedure. Through
interviews with the responsible MDOT engineets, it was found that common projects in the
Uppet Peninsula were “Crush and Shape” and “Passing Relief Lanes” (Sikkema, 2001).
Bituminous base ctushing and shaping is defined by MDOT as “constructing an aggregate
base from an existing bituminous pavement” (MDOT, 1996). Passing relief lane jobs create
one or mote additional lanes on a roadway to facilitate safe passing of automobiles. Focusing
upon common projects such as these may allow for immediate benefit to the Upper
Peninsula MDOT personnel upon completion of this study. Compared to other projects
such as bridge construction or new freeway construction, the controlling activities are of

limited scope and ate readily identifiable, which allows for easier analysis.
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4.2 'UPPER PENINSULA JOBS

Tables 4 — 1 and 4 — 2 provide details on the projects selected for inclusion in this
research project, including the Contract ID numbet, the TSC responsible for the project, the
yeat of construction, the type of contract, and the type of job. The contracts include all 26

crush and shape and passing relief lane type jobs completed by MDOT in the Supetiot

Region from the 1999 construction season through the 2001 constructiof season.

Table 4-1: Ctrush and Shape Type Jobs

CONTRACT
66021-45097

MANAGING TSC
Crystal Falls

1999

CONTRACT TYPE

Completion Date

27011-44291 Crystal Falls 2000 Completion Date
27023-45009 Crystal Falls 2000 Completion Date
66032-45050 Crystal Falls 2001 Completion Date
27041-45096 Crystal Falls 2001 Completion Date
22012-47237 Ctystal Falls 2001 Completion Date
21032-38007 Escanaba 1999 Completion Date
21031-45612 Escanaba 2000 Completion Date
75022-45618 Escanaba 2000 Completion Date
75021-45610% Escanaba 2001 Completion Date
07013-34037 Ishpeming 1999 Wotking Day
52081-38112 Ishpeming 1999 Completion Date
52043-44973* Ishpeming 1999 Completion Date
52022-50392 Ishpeming 2000 Working Day
31031-44292 Ishpeming 2000 Wotking Day
07012-45108* Ishpeming 2001 Completion Date
17062-38019 Newberry 2000 Completion Date
17042-45599 Newberry 2001 Completion Date

*Job is listed as both a Crush and Shape and a Passing Relief Lane project
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Table 4-2: Passing Relief Lane Type Jobs

CONTRACT | MANAGING TSC YEAR CONTRACT TYPE
75022-47188 Escanaba 1999 Completion Date
55031-51434 Escanaba 2000 Completion Date
75021-45610%* Escanaba 2001 Completion Date
55022-47233 Escanaba 2001 Completion Date
07023-47218 Ishpeming 1999 Completion Date
52043-44973% Ishpeming 2000 Completion Date
07012-45108* Ishpeming 2001 Completion Date
49021-44927 Newberty 1999 Completion Date
49023-44989 Newberty 1999 Completion Date
17061-47043 Newberty 2000 Completion Date
49022-47047 Newberty 2000 Completion Date

* Job is listed as both a Crush and Shape and a Passing Relief Lane project
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CHAPTER 5: DATA ANALYSIS

5.1 MICROSOFT ACCESS

Microsoft Access is a powerful database management system that is included with
some installations of the Microsoft Office software suite. Because many users of the
Microsoft Office Suite have little or no knowledge of Access, the following is a brief

introduction to terms and concepts necessary to understand the use of Access in this repott.
5.1.1 Basics of Relational Database Management Systems (RDBMS)

A database management system (DBMS) is a computer program that records, sorts, and
ptesents data in a flexible manner to the end user. A DBMS is the computet analog to file
cabinets containing paper documents, however, computers allow for a much more versatile
system than that of file cabinets and paper records. A propetly prepared DBMS system can

allow for multiple methods of inputting, displaying, manipulating, and presenting data.

Microsoft Access is an example of a relational DBMS, Although there are many types of

database systems available, the most popular and atguably the best for many systems are
relational database management systems (RDBMS). RDBMS are comprised of several tables
that store different, but related data in a structuted method utilizing relationships between
the data. Microsoft Access also supports a common computer language called Structured
Query Language (SQL), which allows Access to wotk with other database programs and
systems that also support SQL, such as Oracle or MySQL. This can allow for easier
portability of data to different systems. Following is a btief discussion of some of the
terminology necessary to undetstand a MS Access database.

A database is the overall container for all the data, forms, tepotts, tables, macros,
modules, and queties. A Zable stores the taw data. Queries can be used to view, organize,
modify, and to perform calculations upon the undetlying table data. Further information on
quetries can be found below. Forms can be used to enter, edit, or search the data from tables
ot queties. They can provide 2 more user-friendly interface to the database user, limiting the
methods of viewing and modifying the data to what is designed to be appropriate for the
situation and uset. Reporss ate used to organize and publish data from tables and queries, they

do not modify the data except to organize and possibly perform summary calculations upon
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it. Macros and modules are used to automate or enhance certain tasks, Macros are typically
written to automate frequently used procedutes. Modules are more complex and powetful
than most macros, and are written in the Visual Basic for Applications language.

Tables are the actual storage container for the data in a database. Refer to Figure 5-1 for
a typical MS Access table of FieldManager data. The basic components of a table are the
records, fields, and values. Fields are the most basic unit of a table, as they represent a single
category of information. A correctly structured table does not allow for fields to be broken
down into smaller useful units. A field in a database may be thought of as analogous to a
column of data in a computer spreadsheet program. Fields also define the type of data being
stored, as in text, numerical, date, etc. Records are the combination of all the fields of data
pertaining to a specific person, thing, or event. Records may be thought of as analogous to a
row in a computer spreadsheet program. The intersection of a field and 2 record results in a
value of data from the table, which is the actual data element being stored about the
particular entity. A value is analogous to a cell in a spreadsheet program. Most tables contain
more than one field, with the number and type of fields being set when the table was
created, It is possible to create or delete a field after the table is created, however, it is best to
anticipate all the fields needed when creating the tables. A table may have any number of
records contained in it, these records may be added ot deleted at will by the database user.
The otrder of records in a table is not import to the database design.

A relational database management system typically includes many separate tables that
store different information. A fundamental premise of a relational DBMS is to eliminate
redundancy of data stored in the database. This is done by logically grouping related
information into separate tables, and then linking them back together when needed by using
relationships and keys. Eliminating redundancy allows for easier input and maintenance of data,
as the relationships in a propetly structured database ensure that all records agtee with one
another and are current. Cotrectly structured telational databases also allow for easy

modifications with future changes in design requirements.
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L3 Microsolt Access

8 Database Window

610123
Anigizd
1010182
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4010352
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4010355
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4010000

Figure 5-1: Example Mictosoft Access Table

Each table in a relational database needs to have a primary key, which is a unique
identifier for every record. A good example of a primary key is a social secutity number for
citizens of the United States. This number uniquely identifies every citizen of the United
States, providing a way to distinguish between multiple people with the same name. Primaty
keys allow for linking data between two or more tables. They also help ensute referential
integrity, which ensures that the relétionships between tables ate intact and that no record is
destroyed or altered that would affect other related data needed.

Primary keys ate used to link tables together with related information. One table holds
the primary key, while the othet table holds the foreign k¢y that the primaty key cottesponds
to. Linking the primary and foreign keys together ensures that the correct data is accessed in
queties with multiple tables utilized.

Sometimes a table will have a structute that is not conducive to using only one field as
the primaty key. In these cases, two or more fields are used as a composite k¢y that serves the
same purpose as the primary key. When two tables with composite keys are both utilized in a
quety, the common composite key fields must be linked together to ensure the proper

records are selected.

28




MS Access and FieldManager are both compatible with Open Database Connectivity
(ODBC) standards, which allows Access to link to and utilize the data from FieldManager
when they are installed on the same PC. Access allows for two different ways of obtaining
data from FieldManager: you may /ink the data, or you may smport it into Access. Linking
data leaves the data in its original source and provides a path for Access to retrieve the data
from its source when needed. The data does not become patt of the Access database itself,
and the size of the database file does not grow appreciably. Importing data into Access
malkes a copy of the data from its original location and stores it within the Access database,
often substantially increasing the size of the database file. Linking data is useful for situations
in which the data is dynamic and the most cutrent information is desited. Importing data is
more useful for situations in which the data either will not change, or you wish to capture
the data at a particular time. Importing data ensures that the data remains in the Access
database unless the uset deletes or modifies the data in Access. One import note on linking
external data into Access is that it will no longer ensute referential integrity between tables.

For most purposes of this research project, only two data tables need be linked or
imported in from FieldManager. The names of these tables ate ITEMPROG and
PROJITEM. ITEMPROG records item posting information from the IDRs, while
PROJITEM records project item information from IDRs. The DDIARY table contains
comments and othet notes from the IDRs. The CONTRACT table also contains useful
general contract information, such as managing office, resident engineer, etc. Two
additional tables that provide useful information include DDEQUIP, and DDWORKER.
The DDEQUIP table provides information from the equipment information posted in
IDRs. The DDWORKER table provides information from the wortker information posted
in the IDRs. A procedute for linking ot importing these tables into Access can be found in
Appendix C. Once the data files are linked ot imported into Access, they may be viewed and
manipulated with queries. Access will add a prefix of DBA_ or DBO_ to the table name
from FieldManager when the table is linked or imported into Access.

As mentioned above, queties can be used to view, organize, modify, and to perform
calculations upon the undetlying table data. A query returns a group of records known as a
dynaset. This dynaset is a dynamic soutce of the actual data from the database tables,
updated each time the query is run. The dynaset is not stored in a new table, however, each

time the quety is used, Access updates the dynaset to reflect any changes that may have
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occurred in the underlying data tables. This ensures that the most current data is always
returned by the queries. A number of queries were created to aid this research project.
Queries in Access can be viewed several different ways. The design of the query may

generally be viewed either as the actual SQL code that comprises it, ot in the Access Design

Grid. One view of the Access design grid is presented in Figure 5-2. The design grid allows
the user to create a query with Query by Example (QBE). This method allows for an easier,
graphical approach to creating queries. SQL code is designed to be compatible among a
number of different database systems, and thus produces a teliable means ot transferting a
query design to another database program. Figure 5-3 depicts the SQL code from an

example quety.

¥ Microsoft Access
Lo g

Desgiption: IDESCE _CONTID PUTEM DDDATE Surns IPQTY. # Postings: DDDATE  |TUNIYS

DBA_PROJITEM DBA_ITEMPROG DBA_PROJITEM DBA_ITEMPROG DBA_ITEMPROG OBA_PROJITEM

Group Bt Grou Group By Group By Sum, Count 8

Ast Ascending Ascending
(] M & bl ]

5ub Base production rate

¥ Excel Trial 4 B
Excel Trial Mod 5 = Subbiase prod rate stats
f Fikered Prod Rate B Tl Praduction Rate
J Fikered Prod Rate Stats B Worker Hours

Figure 5-2: Example Mictosoft Access Query
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Pmductmn Hate lluely SQL Notepad

SELEBT DBR PRUJITEM IDESCR AS Description, DBA_ITEMPROG.CONTID,
DBA_ PROJITEM.PIITEH, DBA_PROJITEM.PIPRLINE, DBH ITEMPROG .DDDATE,

Sum(DBﬂ ITEMPROG.IPQTY) AS [Sum], Count{DBA_ ITEWMPROG.DDDATE) AS [# Postings],
DBA_PROJITEM.IUNITS

FROM DBA_PROJITEM INNER JOIN DBA_ITEMPROG ON (DBA_PROJITEM.GCHOD =

DBA_ ITEMPROG .CHOD) AND (DBA_ PROJITEM.PITYPE = DBA_ITEMPROG.PITYPE) AND
(DBR PROJITEM.PILINEND = DBA_ITEMPROG.PILINENO) AND (DBA_PROJITEM.CH =
DBA_ITEMPROG.CN) AND (DBA_| PROJITEM.PCN = DBA_ITEHWPROG.PCHN)

CROUP BY DBA_PROJITEM.IDESCR, DBA_ITEMPROG. CONTID, DBA_PROJITEM.PIITEH,
DBA_ PROJITEM.PIPRLINE, DBA_ ITEMPROG .DDDATE, DBA_ PROJITEM IUNITS

URDER BY DBA_PRODJITEM. IDESCR, DBA_ITEMPROG. CONTID, DBA_ITEMPROG.DDDATE;

Figute 5-3: Example SQL Code

Thete are several different types of queties available in Access, however the most
common type for this tesearch project were Select Queries. Queties may also be used to
perform actions on the table data, such as deleting or appending information from them.
These queties should be used with caution, however, as theit actions can be desttuctive and
the uset can not undo the action after running the quety. These types of queries can perform
useful functions for maintaining a database with changing data, for example to purge
outdated data, or to import new data into the database from FieldManager. The user should
always create a backup copy of the Access database file on a different location, or undet a
different name before petforming an action quety. Appendix D contains a discussion of the
procedute to create action queties such as this.

In order to create a quety, the table(s) and other quety(s) used for the underlying data
must be known. Once the soutce of the data is decided, the user can perform any joins
between the tables and/or queties used, if necessaty. Next, the user selects which fields will
be included in the quety, and determines if they will be sorted. Any criteria used to filter on
the field information included in the quety is selected, and the user also selects if the field
will be shown in the quety tesults. Access allows for the ctiteria to be listed as a constant
value in the criteria, ot else the user may place some text between square brackets in the
ctiteria field that Access will use to prompt the user for the criteria at the time the query is
run. This allows for an easy change of the data that will be included in the query’s results.
Another feature available is to show the “Total” row in the Access Design Grid. This total
row may be used to petform several useful functions upon the data. There are four basic

options available for the total row options: group by, aggregate, expression, and total field
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record limit. ‘The group by option is used to group common records togethet in the query
results. The aggregate option allows for nine types of mathematical ot selection options to
be petformed on the data. The nine options available include: Count, Sum, Avg, Max, Min,
StDev, Vat, First, and Last functions. The expression option is used fot creating a calculated
field with one or mote of the aggregate options. The total field record limit, or whete
operatot, allows for specifying ctiteria in several ways to limit the results of the quety.
Further information on creating queties may be found in Misrosoft Access 97 Bible, Gold Edition
(Prague and Irwin, 1999).

Access contains provisions for database security measures in otdet to ptevent users
from viewing, modifying, ot running certain tables, queries, forms, repotts, or macros. If
data is linked in to Access from an active FieldManaget contract, some concern may be
warranted to ensute that the Access user does not accidentally or deliberately modify the
data from the FieldManager contract file. InfoTech has stated that versions 3.1 and above of
FieldManager should not have any security issues through modifying the data by linked
Access tables (Baldwin, 13 Match 2002). Additional information regarding Access secutity
issues can be found in Chapter 37 of Microsgft Access 97 Bible, Gold Edition (Prague and Irwin,
1999). Another possible solution to any security concerns with linking to an active contract
in FieldManager may be to create 2 separate PC with both Access and FieldManager, then
import read-only copies of the desired contracts into FieldManager. These contracts could

then be linked to with Access without concetrns of modifying an active contract.
5.1.2 Queties

Construction of queries in Access was a ctitical component of the data analysis for this
research project. As such, the queties developed require special attention to their use and
construction. In general, two queties ate utilized in order to estimate average daily
production rates. The fitst query is used to define the data set used, while the second query
performs calculations upon the data to determine some basic statistics. Access allows for
easy changes to the structure of the queties, providing an easy means of revising the criteria
for the query.

The first query, used to define the data set, utilizes the tables ITEMPROG and
PROJITEM. If desired, the user can also include the table CONTRACTS in order to filter

out desited contracts by contract ID numbet, managing office, or other critetia. This fitst
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quety creates a dynaset of the records from the IDR data in FieldManager that will be used
to calculate the statistics on production rates desited. This dynaset structures the records
according to each item description, for each date, and for each contract ID. In the case of
more than one posting to a patticular item on the same date, the individual postings are
totaled for that date. This leads to the generation of a data set for the daily production rate
for each item description and for each contract ID. Table 5 — 1 summatizes the structure of
the query. The SQL code for this query is listed as the “Production Rate” quety in Appendix
E. The key fields linked together in this quety were PCN, CN, PILINENO, PITYPE, and
CMOD. These keys were the common cbmposite keys between the two tables, as found in

Chapter 4 of the FieldManager System Design Document (“FieldManager”, 2000).

Table 5-1: Production Rate Data Set Quety

TOTALROW

FIELD NAME | TABLE UTILIZED COMMENT

 OPERATOR

IDESCR DBA_PROJITEM |  Group By Item Description
CONTID DBA_ITEMPROG Group By Contract ID number
PIITEM DBA_PROJITEM Group By Proposal Item Number
DDDATE | DBA_ITEMPROG |  Group By IDR Date
IPQTY DBA_ITEMPROG Sum Quantity Posted
DDDATE DBA_ITEMPROG Count Number of Postings
TUNITS DBA_PROJITEM Group By Unit

Once the data set query is established, a second quety can be constructed to provide
some statistics for estimating production trates. This quety utilizes the previous “Production
Rate” data set query as its input. It provides the average daily production rates for each item
description across all the contracts selected in the data set quety. Additional statistics that are
calculated with this query include the minimum daily production rate found, the maximum
daily production rate found, the number of obsetvations the statistics are based upon, the
standard deviation of the daily production rates, and the coefficient of vatiation of the daily
production rates. The query also lists the item desctiption, the item number, and the units

used. Table 5 — 2 summarizes the structure of the quety. The SQL code for this query is
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listed as the “Production Rate Statistics” quety in Appendix E. The results of this query for
several pay items were manually checked against the values found in the original

FieldManager tecords in order to check the calculations done in Access.

Table 5-2: Production Rate Statistics Calculation Query

. TOTAL Row
FIELD NAME QUERY UTILIZED ' ‘ COMMENT
OPERATOR ‘
Description Production Rate Group By Item Description
PIITEM Production Rate Group By Contract ID number
Sum Production Rate Avg Average Daily Production Rate
Sum Production Rate Min Minimum Daily Production Rate
Sum Production Rate Max Maximum Daily Production Rate
Sum Production Rate Count Number of Observations
Standard Deviation of Daily
Sum Production Rate StDev
Production Rates
. Coefficient of Variation (COV)
[StDev]/[Avg] Expression
of Daily Production Rates
TUNITS Production Rate Group By Unit

One problem that may be encountered with the queries is negative item quantities
posted in IDRs. These negative postings are generally a result of the inspector adjusting an
earlier incotrect posting. These negative quantities can give misleading results for the
minimum daily production rate field calculated with the Production Rate Statistics query. A
negative value for this field is logically incorrect and does not provide useful information on
the actual minimum daily production rate. This problem may be avoided through the use of
an additional quety to cotrect the minimum daily production rate field, although this query
does affect the data the other statistics are based upon. All the daily production rate postings
that are not greater than zeto are filtered out before computing the statistics. The
“Nonnegative Production Rate Statistics” query filters out values less than or equal to zero
in the sum of IPQTY field to calculate statistics similar to the “Production Rate Statistics”

quety. The SQL code for both of this query is also listed in Appendix E.
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Table 5 — 3 provides a sample subset of the data that results from running the

“Nonnegative Production Rate Statistics” query on the conttacts listed in chapter 4.

Table 5-3: Sample Production Rate Statistics

DESCRIPTION | PIITEM | AvG MIN MAX | Count | STDEV | COV | UNIT

Aggregate Base 3020001 398.00 5.52 8839.45 86 1020.44 | 2.564 T
Aggregate Base,
3020010 81.48 55.45 108.80 3 26.70 | 0.328 m2
100 mm
Aggregate Base,
3020016 | 7551.20 | 61.75 | 16081.00 20 4726.84 | 0.626 | m2
160 mm
Aggregate Base,
3020020 | 4782.29 | 264.00 | 15016.00 23 417093 | 0.872 | m2
200 mm
Aggregate Base,
3020026 | 6759.83 | 564.00 | 10369.90 6 4810.19 | 0.712 | m2
260 mm
Aggregate Base,
3020030 158.77 9.20 483.40 13 146.62 | 0.924 | m2
300 mm
Aggregate Base,
3020002 131.34 11.50 464.85 8 138.91 | 1.058 | m3
M
Bit Base Crushing
3050001 | 10288.52 | 6.00 | 27943.50 95 5631.17 | 0.547 m2
and Shaping .

One additional set of queries that may prove useful is constructed to filter out certain
contracts. By using the “Filtered Jobs” query and adding criteria to select or filter out certain
contracts in the criteria field of the CONTID field, the database user can select exactly
which contracts from a group he wishes to include in the production rate statistics. Then, the
“Filtered Production Rate” and “Filtered Production Rate Statistics” queries can be used to
calculate the production rates for the subset of contracts desired. The SQL code for these
three queties is listed in Appendix E.

Queries may also be constructed to calculate production rate statistics for a group of
related pay item codes or item descriptions. This may be done through the use of a criteria

field, along with the WHERE operator in the Access totals row within the query design
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view. Items with equivalent units must be selected for combination. One example of this
situation may be to create a combined production rate estimator for all Aggregate Base item
postings with units of m® Refer to Appendix G for statistics of several common items

combined in this manner.
5.2 MICROSOFT EXCEL

Microsoft Excel is a powerful PC based spreadsheet program. Access allows for casy
exporting of query data into Excel for further analysis and manipulation. This capability was
utilized to calculate confidence intervals for the average daily production rates developed in
the Access queries. The average, or mean, production rate value computed in the Access
queties is the best estimate of the mean from the population of all possible daily production
rates for each item. However, all data sets exhibit some level of variability that will affect a
user’s confidence in applying the statistics. Confidence intervals help quantify the uncertainty
in the actual mean value based upon the vatiation in the data used to estimate the mean. An
item with a large range for the confidence interval on the mean suggests that caution and
judgment should be used when applying the estimated mean to predict other samples from
the population. A large range also suggests that further research or additional data should be
collected on the item before trusting the results of the statistical analysis.

After a “production rate statistics” query is run in Access, the values can be exported
to Excel. The available functions in Excel can be used to easily compute confidence intervals

for all the items teturned from the Access quety. A normal distribution for the production
rates is assumed for application of the confidence intervals. A procedure for calculating these
confidence intetvals is presented in Appendix F. With additional development, it may be
possible to calculate the confidence intervals within Access, possibly with Visual Basic for
Applications code. This could provide an automated and integrated method of calculating
the confidence intervals along with the other statistics, without requiring an additional step
in Excel.

Table 5 — 4 provides a sample of several confidence intervals that have been calculated
in Bxcel, along with the supporting values from the “production rate statistics” quety in
Access. The LL column lists the lower limit of the two-sided 95% confidence interval, while

the UL column lists the upper limit of the two-sided 95% confidence intetval. The minimum
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and maximum daily production rates, along with the coefficient of vatiation values have
been omitted for clarity in Table 5 — 4. These values are given in Table 5 — 3 for the sample

data.

Table 5-4: Sample Confidence Interval Calculations

DESCRIPTION l PIITEM | Ave I LL l UL l COUNT | STDEV | UNITS
Aggregate
3020001 398.00 179.22 616.79 86 1020.44 t
Base
Agorepate
BEI°E 3020010 81.48 15.16 147.81 3 26.70 m2
Base, 100 mm
Aggregate
3020016 | 7551.20 | 5338.97 | 9763.43 20 4726.84 m?2
Base, 160 mm
Aggregate
3020020 | 4782.29 | 2978.64 | 6585.94 23 4170.93 m2
Base, 200 mm
Aggregate
3020026 | 6759.83 | 1711.86 | 11807.81 6 4810.19 m2
Base, 260 mm
Aggregate
3020030 158.77 70.17 247.37 13 146.62 m2
Base, 300 mm
Aggregate
3020002 131.34 15.20 247.47 8 138.91 m3
Base, LM
Bit Base

Crushing and | 3050001 | 10288.52 | 9141.39 | 11435.65 95 5631.17 | m2

Shaping

Exporting data from Access into Excel may also ptove to be useful for developing
charts of daily production rates for a specific work item, a group of related work items, or
for other graphing purposes. Although Access contains some chatting functions, the
charting functions in Excel are generally easier to use and more familiar to computer usets.
Graphically analyzing daily production rates could lead to additional insight regarding the
actual distribution of production rates for the selected projects. Figute 5 — 4 presents a
sample of a plot of daily production rates developed in Excel for the item “Aggregate Base”.

Graphing the production rates may also assist MDOT personnel with locating
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extreme values that may not accurately represent normal production rates. For example,
Figute 5 — 4 shows a production rate of approximately 8,900 tons/day on the date
8/23/2000, while the remaindet of the production rates ate less than 3,000 tons/day. These
extreme values require additional scrutiny when analyzing production rate statistics. Further
information on exporting data to Excel may be found in Chapter 24 of Microsoft Access 97

Bible, Gold Edition (Prague and Irwin, 1999).
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Figure 5-4: Aggregate Base Production Rate Chart
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CHAPTER 6: DISCUSSION OF RESEARCH RESULTS

A complete listing of the calculated production rate statistics, with the addition of
calculated confidence interval statistics from Excel, on the mean production rates from the
query “Nonnegative Production Rate Statistics” is presented in Appendix G. These results
wete computed based upon all items in FieldManager from the contracts listed in Chapter 4.
Table 5 — 4 presents an example subset of the data from Appendix G. As seen in the Count
column in Table 5 — 4, much variation exists in the numbet of observations for each item. In
order to get accurate statistics for an item, an adequate number of observations must be
included in the calculations. This may require that data from more conttacts be included in
the calculations before reliable conclusions can be drawn from the calculated statistics.

The user of the results discussed in this report should examine the confidence interval
on the mean values. As mentioned in section 5.2, a large spread on the confidence intervals
indicates that caution and judgment must be applied to the application of the average
production rates. Items with large confidence intervals will requite experience and judgment
to narrow the production rates applied to a specific job or application. The results and
calculations discussed in this report serve only as a guide to assist MDOT personnel with
selecting appropriate production rates. The methods discussed allow for MDOT personnel
to easily retrieve actual historical production rates for virtually any pay item.

Limited conclusions caﬁ be drawn when comparing the average production rates
developed from this study to the existing rates supplied in the MDOT Construction Manual.
Many of the items listed in the MDOT Construction Manual do not cortelate well with the
units and descriptions contained in the FieldManager records. Some items appeared in the
FieldManager records for which no corresponding rate could be found in the cutrent
MDOT rtecotds. Other items had incompatible units that prevented drawing direct
comparisons. Table 6 — 1 compates the average production rates calculated with the query
“Nonnegative Production Rate Statistics” from all 26 contracts studied. Figure 6 — 1 presents
a graphical view of the table data. The average calculated production rates were generally
lower than those of the MDOT manual. Exceptions were found in the items Pavement,

Removal, which had a much higher calculated average than the current MDOT rate.
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Bituminous Base Crushing and Shaping was found to have a similar, but slightly higher

calculated average production rate than the rate in the MDOT manual.

Table 6-1: Compatison of Calculated Production Rates with Existing MDOT Rates

ITEM DESCRIPTION
EXISTING
AND PIITEM CALCULATED
ITEM DESCRIPTION . MDOT
NUMBER IN HISTORICAL
IN MDOT MANUAL | PRODUCTION
. FIELDMANAGER PRODUCTION RATE
RATE
RECORDS
Earthwork and
Embankment (CIP)
Grading: 5,300 m® / day 672 m* / day
[2050010]
Embankment (CIP)
Sutfacing — Concrete: Sidewalk, Conc,
180 m” /day 55 m’ /day
Sidewalk 100mm [8030002]
Miscellaneous:
Removing Concrete Pavt, Rem [2040011] 450 m* /day 1,002 m* /day
Pavement
Miscellaneous:
Joint Repr, Longit
Longitudinal Joint 1,600 m / day 510 m / day
[6030040]
Repair
Sutfacing —
Bituminous, Rural — | Bit. Base Crushing and
. _ 10,000 m* /day 10,129 m® /day
Primary: Crush and Shaping [3050001]
Shape
Miscellaneous:
Clearing [2010001] 8,000 m* /day 2,955 m” /day
Clearing
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6.1 TESTING RESULTS

In order to determine the applicability of the calculated production rates developed
from this research project, the rates developed have been applied to a sample test project.
The MDOT contract 75022-45618 was selected as a test contract due to the availability of
the “Work Day/Completion Date Determination” wotksheet for this job. This contract was
a completion date type contract for bituminous coldmilling and resurfacing. This contract
was managed by the Escanaba TSC during the 2000 construction season.

The following items were listed as major, or controlling work items from the Work
Day/Completion Date worksheet on the project:

e curb and guttet removal

e large culvert extension

e small culvert work

* sewer work

e curb and gutter

e cold milling bituminous surface

® bituminous mixture, bituminous approach

e G.R. work

® slope restoration

® paint.
A copy of the Work Day/Completion Date worksheet and the results of the queties
“Production Rate” and “Nonnegative Production Rate Statistics” appears in Appendix H.

Table 6 — 2 presents a summary of the data from the original Work Day/Completion
Date Determination worksheet for this job. The summation of the individual estimated
times resulted in a trequirement for 43 working days for this project. The tesponsible MDOT
engineer then converted this value to 75 calendar days by multiplying the duration by 7/4 on
the worksheet. Examining the FieldManager records shows that construction began on this
project on May 8, 2000. The project was open to traffic on July 11, 2000, and construction
was complete on July 26, 2000. This gives the project an overall actual construction duration
of 79 calendat days, which corresponds well with the original estimated duration of 75

calendar days.
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Table 6-2: Original Duration Estimate

MAJOR WORK ITEM QUANTITY RATE ESTIMATED TIME
Cutb and Gutter
785 m 450 m / day 2 days
Rem
Latge Culvert
3 each 3 days each 9 days
Extension
Small Culvert Work 9 locations 3 locations / day 3 days
Sewer Work [none listed] [none listed] 3 days
Cutb & Gutter 850 m 300 m / day 3 days
Cold Mill Bit.
80178 m” 18000 m” / day 5 days
Surface
Bit. Mix 19858 ¢ 2000 t /day 10 days
Bit. Appt. 2099 t 1000 t / day 2 days
G. R. wotk 6 locations 1.5 locations / day 4 days
Slope Restoration [none listed] [none listed) 1 day
Paint [none listed] [none listed] 1 day

2 = 43 working days

Utlizing the calculated production rate statistics from the twenty-six conttracts

discussed in Chapter 4, along with the query “Nonnegative Production Rate Statistics”, a

predicted duration was developed for this project. A summary of the results from this

calculation is presented in Table 6 — 3. The values listed as N/A were not obtained due to

either incompatible units between the given quantities and the calculated production rates, ot

thete was no quantity given fot that item in the original worksheet, as shown by a [none

listed] note in the quantity column for that item. The corresponding duration from the initial

MDOT estimate was utilized for these items in otder to provide an equivalent compatison

between the two durations.
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Table 6-3: Predicted Duration from all Calculated Results

MAJOR WORK
ITEM

PIITEM

USED

QUANTITY

ESTIMATED

TIME

Curb and Gutter
2040006 785 m 71.70 m / day 11 days
Rem
Large Culvert
N/A 3 each N/A 9 days
Extension
Small Culvert
N/A 9 locations N/A 3 days
Work
Sewer Wotk N/A [none listed) N/A 3 days
Curb & Gutter 8020018 850 m 64.97m / day 13 days
Cold Mill Bit. 9.687.42 m? /
5020005 80178 m* 8 days
Surface day
Bit. Mix 5020183 19858 t 1,186.72 t / day 17 days
Bit. Appt. 5020200 2099 t 121.12 t / day 17 days
G. R. wotk N/A 6 locations N/A 4 days
Slope _
N/A [none listed] N/A 1 day
Restoration
Paint N/A [none listed] N/A 1 day

2 = 87 working days

A summation of the days required for each major item listed results in an overall

duration of 87 working days requited. This value is significantly different than the 43

wortking days originally estimated by MDOT for this project. Further examination of this

tesult revealed that the actual production rates that occurred on the project were significantly

below the original estimated production rates. Table 6 — 4 shows the actual average daily and

maximum production rates that were observed on the construction of this job. The average

daily production rates for these 5 items in Table 6 — 4 were significantly lower than the

original estimated production frates. Only the maximum production rate for the item Cold

Milling Bituminous Surface approached the original estimated production rates. The other
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items had maximum production rates that wete much less than the originally estimated

average rates for this project.

Table 6-4: Statistics from Completed Job 75022-45618

, ORIGINAL
| AVERAGE | MINIMUM MAXIMUM
| PIITEM . ESTIMATED
PRODUCTION | PRODUCTION { PRODUCTION
USED | PRODUCTION
' RATE RATE : RATE
‘ , . RATE
Curb and
135.60 m /
Gutter | 2040006 730m / day | 209.90m /day | 450 m / day
day
Rem
Curb &
8020018 | 81.63 m / day | 45.00 m / day | 126.00 m / day 300 m / day
Gutter
Cold Mill
8616.14 m*/ | 187270 m2 / | 17610.07 m2 /
Bit. 5020005 18000 m* / day
day day day
Surface
Bit. Mix | 5020183 | 887.05t/ day | 123.21t/ day | 1449.79 t / day | 2000t / day
Bit. Appt. | 5020200 | 140.54 t / day 0.02 t / day 358.66 t / day 1000 t / day

Utilizing the calculated production rate statistics from only the eighteen crush and
shape contracts discussed in Chapter 4, another estimated duration was developed for this
project. A summary of the results from this calculation is presented in Table 6 — 5. The same
procedure as above was utilized for this calculation, along with the updated avetage
production rates from the ten crush and shape projects. This calculation was petformed to

analyze the effect of basing the production rate statistics upon a different subset of projects.
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Table 6-5: Predicted Duration from Crush and Shape Calculated Results

MAJOR WORK

ITEM

PIITEM
USED

QUANTITY

ESTIMATED

TIME

Curb and Gutter
2040006 785 m 66.27 m/ day 12 days
Rem
Large Culvert
N/A 3 each N/A 9 days
Extension
Small Culvert
N/A 9 locations N/A 3 days
Work
Sewer Work N/A [none listed] N/A 3 days
Curb & Gutter 8020018 850 m 67.53 m day 13 days
Cold Mill Bit. 10477.15 m2 /
5020005 80178 m2 8 days
Surface : day
Bit. Mix 5020183 19858 t 1184.37 t / day 17 days
Bit. Appr. 5020200 2099 t 128.00 t / day 17 days
G. R. work N/A 6 locations N/A 4 days
Slope
, N/A [none listed] N/A 1 day
Restoration
Paint N/A [none listed] N/A 1 day

2 = 88 working days

A summation of the days requited for each major item listed results in an overall

estimated duration of 88 working days requited. This value is significantly different than the

43 working days otiginally estimated by MDOT for this project. This value is also a less

accurate estimate of the actual contract duration than the original MDO'T estimate. It is very

close to the 87 wotking days estimated by using statistics from all twenty-six contracts

studied.

The MDOT contract 17062-38019 was also selected as a test contract due to the

availability of the “Work Day/Completion Date Determination” worksheet for this job. This

contract was a completion date type contract for bituminous coldmilling and resurfacing.

This contract was managed by the Newbetty TSC during the 2000 construction season.
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The following items were listed as major, or controlling work items from the Worl
Day/Completion Date worksheet on the project:
e shoulder aggregate
e culverts
e DS
e ditching
e carth excavation
e agpregate base
e crush and shape
e bituminous paving
e seeding
A copy of the Worle Day/Completion Date worksheet and the results of the queries
“Production Rate” and “Nonnegative Production Rate Statistics” appears in Appendix 1.
Table 6 — 