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ABSTRACT 

Keep the project on schedule is one of the most widely understood goals in the 

construction industry. How does one accomplish this completely subjective statement in a 

complex urban freeway renewal project .like the I-235 Reconstruction? A fully integrated 

computer-based Program Master schedule should not only be developed, but also should be 

updated, customized, and implemented on a regular basis. Updating the schedule keeps the 

schedule with the latest project status; customizing the schedule satisfies clients' different 

levels of demands; implementing the schedule makes users of it. These three sequential steps 

help to make management decisions and thus end up helping a project keep on schedule. The 

objective of this thesis is to detail key elements involved in updating, customizing, and 

implementing an urban freeway renewal project schedule. 
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CHAPTER 1: INTRODUCTION /JUSTIFICATION 

1.1 Background 

The reconstruction of Interstate 235 (I-235) is a budgeted $426 million project 

managed by the Iowa Department of Transportation (Iowa DOT). As one of the most 

expensive road projects in the Iowa DOT's history, it began in 2002 and is scheduled to be 

completed in 2006. The I-235 project is located and adjacent to Des Moines, Iowa and has 

been divided into ten sections for organizational purposes. The first four sections, Sections 

1-4, are located west of downtown Des Moines, and will be widened from the current 

configuration, essentially afour-lane roadway, to a six-lane configuration. The entire six-

lanes will then be resurfaced with hot-mix asphalt. The last three sections, Sections 8-10, 

located north of downtown Des Moines, will be upgraded in precisely the same manner. The 

middle three sections, Sections 5-7, located in downtown Des Moines, will be totally 

reconstructed and paved with Portland cement concrete. 71 bridges and 21 interchanges on 

this 14-mile corridor need to be rebuilt. The reconstruction of I-235 is a comprehensive 

multifaceted project with multiple contractors, multiple jobs, and cost-valued tasks. 

The general construction timeline for the reconstruction is as follows: 

• 2002 ~ 2004: Utility Relocation, Bridge Widening and Replacements, Median Paving, 

Temporary Paving, Interchange Reconstruction. 

• 2005 ~ 2006: Mainline Paving. 
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Starting in August 1999, Iowa State University researchers began working with the 

Iowa DOT to develop better methods to schedule highway renewal projects and using I-235 

as a case study site. Considerable effort has been invested in developing acomputer-based 

conceptual schedule, calculating production rates, and loading resources. This researcher 

will present the procedures and key elements involved in updating, customizing, and 

implementing the I-235 schedule in this paper. 

1.2 Problem Statement 

Due to the complexity of the I-235 reconstruction project, this researcher created a 

schedule with the appropriate amount of details so that it could serve the purposes of all 

parties who need corridor level information. 

For the schedule to provide the appropriate amount of information needed to fulfill 

the expectations of all parties, several questions must be addressed: 

• What information can be obtained from the schedule? How is the layout of a schedule 

organized? 

• What type of reporting will be required? 

• Who will use the schedule, and what training do they have or need? If clients are 

unfamiliar with the layout of a schedule, must they be trained how to read and 

interpret it before it goes into effect? 

• Will additional information ar interfaces be needed? 
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1.3 Objectives 

In order to answer these questions, this researcher developed a system to determine 

and satisfy the levels of detail needed for each client. This thesis will focus on this system, 

which includes: 

• Update of the schedule 

o Procedures of updating 

o Schedule layout and special considerations for this layout 

• Customization of the schedule 

o Development of the Outline Code System 

o Customization of the schedule 

• Implementation of the schedule 

o Publishing of the schedule 

o Client trainings 

1.4 Thesis Organization 

Chapter One introduces and discusses the objectives of this thesis; Chapter Two 

summarizes the Literature Review; Chapter Three expatiates procedures of updating, 

customizing, and implementing the schedule, and Chapter Four presents the research 

conclusions and recommendations for future scheduling work on the urban highway renewal 

projects. 



www.manaraa.com

4 

CHAPTER 2: LITERATURE REVIEW 

2.1 Definition 

A dictionary definition [1] of a schedule for one single task is a plan for performing 

work or achieving an objective for the assigned task, specifying the order and allotted time 

for each part. For multiple tasks, schedules can also be used to identify conflicts, such as 

when an entire working space (for example, an exit ramp) is required for separate groups of 

equipment of more than one task (for example, utility relocation and grading) at the same 

time. 

Managing a project without a schedule reduces the likelihood of accomplishing 

project goals, such as staying within budget or on schedule. If it is difficult to track who is 

doing what, or when tasks should be finished, chances of meeting those goals will be 

jeopardized. And if something goes wrong a deadline is missed or a task takes longer 

than it should needless difficulties may be encountered in determining the problem's 

source, as well as its impact on the schedule. 

Good project scheduling helps projects succeed. 

2.2 Types of Schedule 

Since this thesis will focus on the update, customization, and implementation of a 

schedule for a highway renewal project, the questions that naturally arise are, "How many 

types of schedule are available?" and "Which type of schedule is suitable for specific 

clients?" 

Mike Weiss concluded that there are five common types of schedules [2]: 
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• Calendar — Calendar is the most basic schedule. It usually is kept in a central 

location and has little client. It also does not allow updating. The schedule is simply 

redone to take changes into account. 

• Schedule board — A dry-erase board or chalkboard is suitable for a smaller custom 

builder or multipurpose contractor. Frequent changes to assignments are likely, so a 

dry-erase board or chalkboard would be the minimum requirement. This application 

usually is used at the mobilization point for workers rather than posted on site. 

• Spreadsheet — A spreadsheet is likely the minimum acceptable format if a schedule 

needs to be posted on site to keep the owner and other participants advised of coming 

events. In this case, the schedule is to be used more as information than as a 

management tool. Updates can be made manually if progress is noted on the 

schedule. 

• Basic Gantt chart — If the primary objective is the duration of the project and its 

tracking, a more basic computer-type scheduling program should satisfy this need. A 

basic Gantt chart will meet the criterion. This schedule will deal with dependency 

relationships and lead and lag times. This is an on-site schedule to be used by all 

involved personnel. 

• Integrated computer-based schedule — In the case of comprehensive scheduling 

with wide management information output, only a fully integrated computer-based 

schedule is suitable. This schedule 

o Can create a full level of details with maximum reporting capacity. 
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o Can be used by several facets of the organization for decision input and 

implementation. 

o Can help avoid resource conflicts when multiple resources and j obs maybe 

present. 

In Noel Harroff's article [3], two categories of schedules are defined: Program/Project 

Level and Detailed Schedules. 

1. Program/Project Level Schedules are either Program Master Schedules or Work 

Breakdown Structure (WBS) Intermediate Schedules. 

2. Detailed Schedules are either Task Plan* Schedules or Work Package** Schedules. 

a) Task Plan Schedules 

1) Have milestones applicable to responsible organizations. 

2) Are developed by the organizations to extend interfaces to 

lower task items. 

3) Are at the level at which status is normally reported monthly to 

the program office for updating of higher level schedules. 

4) Will correlate with the Task Manager, Work Breakdown 

Structure, Scope of Work, and with reports to client. 

5) Document the scheduled baseline for the program. 

b) Work Package Schedules: 

* The Task Plan is the focus for planning, monitoring and controlling because it represents work 
within a single Work Breakdown Structure (WBS) element, and it is the responsibility of a single 
organizational unit. 

** A Work Package is a detailed job that is established by the Task Manager for accomplishing work 
within a Task Plan. 
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1) Provide milestones and activities required to identify specific 

measurable tasks. 

2) Supply the framework for establishing and time-phasing 

detailed budgets, various status reports, and summaries of cost 

and schedule performance. 

3) Are the level at which work package status is normally 

discussed; and provide input for performance measurement. 

4) Are the responsibilities of a single organization. 

5) Provide a schedule baseline against which each measurable 

Work Package must be identified. 

6) Require formal authorization for changes after work has started, 

or the work package is within the frozen baseline period. 

Only a fully integrated computer-based Program Master Schedule can provide a full 

level of details for the whole I-235 project. Because not only can it be used by the Iowa 

DOT, Federal Highway Administration (FHVVA), and contractors for decision input and 

implementation, but it can also help resource conflicts when multiple resources and jobs (for 

example, Iowa DOT inspectors, materials, utility relocation and bridge construction, etc.) 

may be present. 

In order to develop a master schedule for the I-23 5 project that works within strict 

time, cost, and resource constraints, appropriate scheduling software must be selected. 

Primavera Project Planner (P3) is one of the most powerful scheduling software. However, 

the high purchasing cost limits its popularity. The relatively inexpensive Microsoft Project 

turned out to be a good planning tool because its ability to show details of project 
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relationships and dependencies allows researchers to create a scheduling model that 

accurately reflects these constraints. 

Since August 1999, researchers have been developing and maintaining acomputer-

based master schedule using Microsoft Project. In order to monitor the construction 

progresses of particular projects, detailed schedules have also been created prior to a 

project's start. These schedules were then published to the Iowa DOT, FHWA, and 

contractors to help project management. 

2.3 Schedule Implementation 

Mike Weiss [2] considers all work wasted if the schedule is not used and therefore, 

for a schedule to be of maximum benefit, it is very important to: 

• Post the schedule and instruct clients in its proper interpretation. 

• Communicate the schedule to all involved parties. 

• Advise and get recommendations from the participants. 

• Monitor progress of actual against projected completion of work units. 

• Manage production rates (making adjustments to gain or make up time). 

• Use scheduling information to assist in management decisions. 
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CHAPTER 3: UPDATE, CUSTOMIZATION, and 
IMPLEMENTATION of the SCHEDULE 

A project schedule can help enormously when it is updated, customized and 

implemented. As a case study, from August 1999 to December 2000, researchers developed 

a computer-based conceptual schedule for the I-235 project [Figure 2]. Then the schedule 

was further developed by applying a new Work Breakdown Structure (WBS), and refining 

existing logical relationships [Figure 3]. Since January 2002, the schedule has been refined 

to the extent that it can be updated and published regularly. 

3.1 Update of the Schedule 

In order to make the I-235 schedule an effective and valuable managing tool, the 

researcher has updated it regularly and consistently at a set interval —every week —and has 

stuck to it since the I-235 project began in March 2002. Relevant information about project 

progress is collected and compares what has occurred with what was planned. 

The procedures the researcher used to update the schedule can be illustrated by the 

flow chart shown below: 

SOURCES of INFORMATION 

Iowa DOT Weekly Letting Reports 
Iowa DOT News Releases 

Iowa DOT Web Sites 
Weekly Contractor Coordination Meeting 

Regular Information Meetings 
Site Visiting 

Figure 1: Flow Chart of Schedule Updating 

U 
P 
D 
A 
T 
I 
N 
G 

OUTPUT 

MS Project Fiies 

Word Document 

Excel Spreadsheets 
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3.1.1 Iowa DST Letting Process 

Currently Iowa DOT's Office of Contracts has 10 highway lettings each year. Starts 

from 2003, there will be 12 lettings each year. These lettings give contractors the 

opportunity to bid on highway projects. On the first Monday of each month, The Des 

Moines Register is used to advertise letting dates for bids because it has the widest 

circulation of any newspaper in Iowa. A detailed listing of proj ects to be bid each letting is 

published in the Weekly Letting Report. This report includes a notice to bidders and itemizes 

the major quantities of work as they will appear in the proposals. The weekly Letting Report 

can be ordered from the Office of Contracts. It is also available on the. Internet 

(www.bidx.com). After bids are received and reviewed, a project will be awarded to the 

lowest responsible bidder. There are more than 100 projects in I-235 reconstruction, and 

these projects are not let one by one. Sometimes several projects are let under on project 

number. In this case, they are called "tied projects", which will be addressed later. 

3.1.2 Sources of Information 

Where does the information come from? 

The key to updating progress is accurate information about each project, resource, 

and cost. The researcher needs information such as each project's completion percentage, 

remaining work, project progress, and project costs to date. 

In a large project like I-235, it is hard for the researcher to collect information on 

project progress himself. Therefore, an easier way to collect timely information is to look 

through .Iowa DOT documentation, attend construction coordination meetings, and get 

necessary information from those closest to the work who know best the status of the projects 
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they are working on. 

The following are sources of information for the I-23 S schedule updating: 

1. Iowa DOT weekly Letting Report [Figure 4] : This is an official weekly 

publication from the Iowa DOT. It includes up-coming letting dates, descriptions 

and parenthesis numbers * of proj ects that will be let on these dates, project late 

start dates, and expected durations. It tells the researcher if the schedule needs to 

be adjusted so that the project can keep to the original deadline. For example, by 

default, according to Iowa DOT's regulation, a proj ect's start date is sixty days 

.after its letting date. It usually takes about six months for bridge steel to be 

fabricated. Utilities need to be cleared before relevant projects start. From 

information provided by the Letting Report, the researcher is able to judge if 

milestones are correct in the schedule. 

2. Iowa DOT News Releases [Figure 5]: In order to reduce congestion, the Iowa 

DOT sends out News Releases to the public via Email. several times a week. 

Latest traffic control information, for example, locations- and time periods of lane 

closures, and what projects will be performed during lane closures are provided. 

This information enables the researcher to track the actual construction progress 

o prod ects. 

3. Iowa DOT web sites: v~~avw.I235.com is a resource for the latest, up-to-date 

information on I -23 5 construction. It provides traffic control and overall project 

* Parenthesis numbers: Project numbers. that Iowa DOT has been using to identify individual projects. 
Researchers also use the same parenthesis numbers in I-235 scheduling work to ensure the 
consistency. Details see later Section 3.2.2.2. 
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information. v~~~vw.ia.dot.gov.us is yet another site from where bid letting. and 

contractor information can be found. 

4. Regular meetings (Contractor Coordination Meeting at Des Moines, meetings 

with the Iowa DOT design personnel, information meetings, Iowa State 

University graduate student meetings): 

• Contractor Coordination Meeting at Des Moines: Every week the Iowa 

DOT holds a meeting with contractors to discuss I-23 5 construction issues. 

This meeting covers traffic control, utility issues, and construction 

progress. Meeting minutes will then be sent out to each attendee. This is 

a "primary" of information regarding project status. 

• Meetings with Iowa DOT design personnel: Every Friday researchers 

meet with an Iowa DOT designer to discuss project staging, changes in 

letting dates, etc. This weekly meeting enables. the researcher to get the 

latest project information. 

• Regular information meetings: From time to time, researchers meet with 

people from different Iowa DOT offices and utility companies to obtain 

project information. 

• ISU graduate student meetings: Researchers meet as a group to exchange 

information among each other. This meeting time keeps the research 

group current. 

5. Field visiting and talking with on site personnel: Every week on job sites, 

researchers talk with contractors and inspectors to understand the real-time 
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construction status, construction procedures, and production rates. Pictures and 

videos are taken on-site to monitor construction progress. 
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3.1.3 Updating Procedures 

After creating a schedule and establishing a baseline, the researcher can update the 

schedule regularly. To update the schedule, the researcher evaluates the status of each 

project and enters the appropriate information in the schedule. 

The detail procedures that the researcher has been updating the schedule with are 

summarized below: 

ADVISING 
• Iowa DOT 
• FHWA 

• Contractors 

NEW INFORMATION 

• Letting Dates 

• Start Dates 

• Finish Dates 

• Remaining Working Time 

SCHEDULE UPDATING 
• Milestones 
• Durations 
• Dependency Relationships 

YES 

Figure 6: Detail Schedule Updating Procedures 

A 
R 
C 
H 
I 
V 
E 
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3.1.3.1 Abstracting Information 

From information that the researcher collects every week, the following information 

is abstracted: 

• Letting Dates —The Iowa DOT needs to adjust letting dates of some projects due 

to either one of the following reasons: 

o Delay of predecessors 

o Right of Way (ROW) issues 

o Utility relocation issues 

o Budget concerns 

o Too many jobs clustering on one letting date 

Letting date changes affect project milestones (start date and finish date), and will 

change the duration of the whole I-235 project if these projects are on the critical path. 

Therefore, the researcher has been keeping track of letting date changes. 

• Actual Start Dates —Contractors would start projects less than 60 days after 

letting, if they have the necessary resources ready and NTP from the Iowa DOT. 

If this is the case, the Actual Start Date then needs to be updated since projects in 

the schedule use 60 days after letting as the default Start Date. 

• Actual Finish Dates —Important milestones to track the status of a project. 

• Remaining Working Time —Useful information to determine if the project is on 

schedule. 
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3.1.3.2 Updating the Schedule 

After completing the initial process of creating a schedule (that is, entering projects, 

establishing dependencies, assigning resources and possibly costs, and checking and 

adjusting the schedule), a best estimate of how the project will work is defined. But how will 

the researcher know if the project is proceeding according to plan? How will the researcher 

know, for instance, if the project can finish on time or within budget? The best way to track 

what does and doesn't go as planned is to set a baseline after the researcher refines the 

schedule and before the project begins. 

A baseline is a set of key, original project estimates. This set consists of the original 

project, resource, assignment, and cost estimates that the researcher entered into the schedule. 

The original estimates it contains are permanent reference points against which the researcher 

can compare the updated project, resource, assignment, and cost information (including 

recorded actual information) that the researcher entered into the schedule as the project 

progresses. Examples of actual information are actual project durations, time phased resource 

costs, and work completed on an assignment. 

Once the baseline is created, the schedule is ready to be updated. It is easy to update 

projects if they have few dependence relations with other projects. This could be completed 

by simply assigning new StartlFinish Date to projects. However, updating projects which are 

more dependent on other projects involves more effort. Because of existing logical 

relationships, projects keep the same even though they are assigned new Start/Finish dates. 

Procedures of updating "dependent projects" are shown below: 

1. Open the Task Form in the bottom panel (Figure 7). 
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Figure 7: Schedule Updating —Dependencies 

2. Check project dependencies. Reviewing and analyzing predecessor/successor 

dependencies is the first step in deciding which action, changing or removing links, 

needs to be undertaken. 

3. Change project dependencies. If the current construction situation allows two projects 

to be started simultaneously, the project dependency can be changed from its previous 

status, for example, finish-to-start (FS), to start-to-start (SS). 

4. Remove a project dependency. If a dependency between projects doesn't reflect how 

the projects will really be done, it should be removed. 

5. Apply changes to the projects. The projects will be rescheduled based on any 

existing relationships to other projects or constraints. 
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3.1.3.3 Archiving Information into the iVotes Field 

The Notes field in Microsoft Project is designed to contain notes which help maintain 

the history of a project. Pasting information into a project note is a convenient way to keep 

track of information related to the schedule (Figure 8). The researcher can copy information 

from, for example, an a-mail message, a word processing document, a spreadsheet, and even 

a Web page and paste it into a note. OLE objects, hyperlinks, and bitmaps can also be 

inserted into the Notes field. 
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Figure 8: Schedule Updating —Notes Field 

During updating, each note is summarized clearly to tell users: What activities are 

involved, when, where did the activities start/finish, and if applicable, what causes these 

activities. Atypical note is shown below: 
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Iowa DOT News Release (July 12th, 2002) 

-- July 1 nth ~ 19th: Setting beams for the new East Sixth Street Bridge. 

-- July 22nd ~ 24th: The WB lanes will be closed to j~nish setting the bridge beams. 

Adding information into the Notes field is particularly helpful in documenting 

construction progress, which requires a lot of this type of information. The status of a project 

can be tracked then by looking at its notes. Construction templates can also be developed 

from interpreting these notes after the project is finished. 

3.1.3.4 Advising Clients 

The ability to look ahead and avoid scheduling problems before they occur can mean 

the difference between project success and failure. Reviewing the schedule during the 

schedule updating helps the researcher identify and correct scheduling conflicts that could 

push out the project deadline; and advising clients of alternative construction options enables 

them to direct and fine-tune the project. For example, Iowa DOT managers can make 

midstream changes that will help reach project goals sooner; and adjust cost requirements 

throughout the project to make sure that no project will be delayed because of a shortage of 

money. 

The project finish date calculated by Microsoft Project gives the researcher a good 

sense of whether scheduling conflicts exist or not. During the schedule updating, the 

researcher found that inappropriate links between projects or unnecessary constraints usually 

caused schedule conflicts. 
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If scheduling conflicts are found during schedule updating, the researcher will inform 

clients of the impact that such conflicts might have on the schedule, and then provide an 

alternative solution. 

For example, from the baseline, scheduled construction procedures for East 6th Street 

Steel Bridge are shown in Figure 9: 

Task 1 

Task 2 

Construction -New East 6th St. 
Bridge (Letting Date: 02/19/2002) 

Demolition -Old East 6th St. Bridge 

(Letting Date: 02/18/2003) 

Figure 9: Example of a Scheduling Conflict 

Interviewing with Iowa DOT personnel, the researcher learned that the steel 

contractor needs six months to fabricate steel elements. Subsequently, when updating the 

schedule using this information and checking against the baseline, a schedule conflict 

appears: The demolition of the Old East 6th St. Bridge (Task 2) cannot start on time because 

of the delay of The Construction of the New East 6th St. Bridge (Task 1). The finish date for 

the Task 1 is 07/02/2002, which is after the letting date of the Task 2 — 02/28/2002. 

The schedule for the Task 1 is shown below (Figure 10): 
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-: Coa~sfruction Ne 
B Fid ge 

372 days: Tie 211310? VUed 7123103 

leffi~g ; Q days; Tue 2f'~~fC~2 Tue 2f'l~f(32; :: ~s 

Fabr~cafe Sfeel '#2t~ days; Tue 2f98,t32€ ~Aan 8~5;~32€`: 
_.. __ :. 

Su#~sU~ucture_ 8(i days Tue 8 6'a2 Ft~ 1~97~43 

Supersfrucfure 8(3 days! fv9on 3i~{};Qa ~3ed 7s23fE33~<, 

Figure 10: Schedule of East 6th St. Bridge (1) 

Apprapri~~ __ _ __ _. 
Re~a~[o~nship~ 

Analyzing the schedule, the researcher finds that the relationship between 

"Fabricate Steel" and "Substructure" (as shown in Figure 10) causes the delay. Although a 

finish-to- start (FS) relationship can be used here, astart-to-start (SS) is more appropriate in 

this case. "Substructure" does not need to wait until the completion of "Fabricate Steel". 

These two projects can start at the same time. Changing the relationship from FS to SS 

actually resolves the schedule conflict. The Finish date of the Task 1 is 01/22/2002, which is 

before the letting date of the Task 2. As shown in Figure 11: 

~~Cons#ruction New East 6th Street. 
BFEd~e 

Subsf~ucfure 

SupersfrucEure 

t3 drays, Tue 2t 19fQ2; Tue 2~~13fa2 [' 

12C} days', Tue 2f~~x'02 M1~9an $,5x`(32 ',
_:. _ _ <; 

...813 days; Tue 2~ 19f02 tu~an ~,°1(1f(32 

S€3 days' Tue $+x+'02: 1+'11ed ~l22aE)'i ?: 

Figure 11: Schedule of East 6th St. Bridge (2) 

Then clients will be advised that, in order to finish the demolition of the Old East 

6th St. Bridge (Task 2), the best option for the bridge contractor in Task 1 is to work on the 
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bridge substructure while the steel is fabricated. By the time the substructure is about to be 

finished, the steels are almost ready for the superstructure. 

3.1.4 Lists of Products 

After updating the schedule, the following products can be obtained: 

• Microsoft Project Master Schedule: More than 100 projects under prime 

contracts are covered in the schedule. All projects are ordered by sections: from 

Section 1-4 (west end of the corridor) to Section 8-10 (north east end of the 

corridor). The schedule is in Microsoft Project 2000 version since the scheduling 

program that the researcher has been using is Microsoft Project 2000. Then it can 

be saved as Microsoft Project 98 version and converted into Adobe Portable 

Document Format (PDF) format (Figure 12). The reason for doing this is that the 

scheduling program some clients are using is Microsoft Project 98, which cannot 

open Microsoft Project 2000 version files. For other clients who do not have 

Microsoft Project software, a PDF file will be sent to them because the Adobe 

Acrobat Reader is free to download. Although in PDF files, it is impossible to see 

the Notes field, clients can see most of the content from the Gantt chart view. The 

layout of the schedule is designed to provide an appropriate amount of 

information to clients. And this layout will be addressed in the later section 

(Section 3.2.2). 
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Figure 12: Schedule Updating Product —Master Schedule (PDF format) 

• Word Document: This document (Figure 13) highlights all new changes since 

last updating. By looking at this document, clients can quickly access what they 

need without groping about for information. 

Excel Spreadsheets: Spreadsheets (Figure 14) organize projects by their Letting 

Dates (Sheet 1) and Parenthesis Numbers (Sheet 2). Also a list of tied projects 

(Sheet 3) is presented in one spreadsheet. These spreadsheets can serve as quick 

references when information of a particular project is needed, if the project letting 

date or the project parenthesis number is known. For example, if clients need to 

know the awarded cost of a project that was let on 08/20/2002, Sheet 1 can help 
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Figure 13: Schedule Updating Product —Highlights of New Changes 

locate the information quickly. If clients need to know the awarded cost of a project 

with parenthesis number (340), Sheet 2 is the appropriate tool to use. Although 

Microsoft Project is more capable of presenting this project information, clients prefer 

Excel spreadsheets either because they do not have Microsoft Project or they are not 

used to finding information using Microsoft Project. An experienced Microsoft 

Project user can create various kinds of reports from one single schedule file. This 

customization function will be addressed in the later section (Section 3.2.3). The 

layout of the spreadsheets is designed to provide an appropriate amount of 
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information to clients. And this layout, almost the same as the layout of the schedule, 

will be addressed in the later section (Section 3.1.4). 
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Figure 14: Schedule Updating Product —Excel Spreadsheets 
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• Design Schedule: The Design schedule (Figure 15) is different from the project 

master schedule in that an extra purple bar is added at the same line with the task bar. 

The purple bar represents the available time from design start date to final plan turn in 

date for Iowa DOT design personnel. Putting two bars in one line reminds the 

designer how many design days are left before the project starts. In the Design 

Schedule, a Design Start date column, a Final Plan turn in date column, and a Design 



www.manaraa.com

29 

Duration column are added into the original master schedule. Also a Designer 

column is added, which helps the Office of Design to manage its resources. 
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Figure 15: Schedule Updating Product —Design Schedule 
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• Detailed Schedule: Detailed schedules are developed to monitor the construction 

progress of individual projects. Different from the master schedule, which are shown 

to strategic managers, detailed schedules provide information that fulfills the needs of 

Iowa DOT site personnel and contractors. A detailed schedule of 2"d and 3rd Ave area 

is shown in Appendix B. 
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3.2 Customization of the Schedule 

Typically, a view displays all the projects in the project. That is okay when users really 

want to see them all, or if there are so few projects that users can see them without much 

scrolling. However, usually a prime project contains many smaller projects, subsets of which 

share certain characteristics. For example, some projects might share the characteristic of 

being construction projects (bridge or interchange works. Not utility works). Others might 

share the characteristic of being tied together. 

Microsoft Project comes with many predefined views, yet the researcher was not able 

to find the one that displays exactly the information in just the format that is wanted, i.e. 

projects that share certain characteristics. 

In order to see information about projects that only share certain characteristics, the 

researcher applied a filter (Outline Codes in this paper). For each view, Outline Codes 

determine which projects or resources Microsoft Project displays or highlights. An Outline 

Code contains instructions, called criterion, which specify the conditions under which a 

project will appear. The researcher changes the criterion applied to a view when information 

about different projects is needed to be seen in the current format. 

3.2.1 Understanding Clients' Expectations 

Before distributing the schedule to clients, it is important to customize the schedule 

according to different clients' expectations: 

• Strategic managers of the Iowa DOT and FHWA need the specifics shown by 

including all the summary projects. For example, a review of the schedule for 

summary projects can tell managers how much cash will be available for these 
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projects in one fiscal year. This information is critical to determining the needs for 

lines of credit, purchasing decisions and other issues of capital expenditure. Also 

managers can review the schedule and determine when to advertise, interview and 

train so that needed engineers will be ready when needed, and the project will not 

be affected by the personnel turnover. 

• Division personnel of the Iowa DOT and FHwA need a schedule showing all 

subtasks. The level of detail shows performance of intended against actual, 

selection deadlines for contractors, plan turn-in dates, and demand dates for 

additional personnel. This division of clients wants to eliminate the summary 

projects and other relatively independent projects (for example, utility works) 

from the Gantt chart view to keep the schedule from getting too cluttered. 

• Contractors need the portion showing their involvement. Therefore, a detailed 

schedule which shows projects undertaken by the contractors as well as 

neighboring projects should be sufficient enough. 

Using Custom Outline Codes, the researcher is able to customize a schedule to show 

the information that needs to be presented. 

3.2.2 Schedule Layout 

.A Microsoft Project file contains vast amounts of information, but users usually work 

with only a portion of it at any given time. Because projects can become so complex, and 

because the information to be tracked can vary so widely, the researcher created aspecial-

purpose schedule layout to display necessary information through the use of filters to modify 

the information in views. 
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3.2.2.1 Layout of the Whole Schedule 

The layout of the schedule is very important because it is the final product of the 

whole scheduling/planning process. How much information clients can obtain from the 

schedule and whether they will actually use the schedule depend on whether the layout can 

best meet their immediate needs. Using a schedule with an appropriate layout enables clients 

to perform many project management projects more efficiently. 

The layout of a schedule can be divided into two parts (Figure 16). Descriptive 

project information is shown in Part A. Graphical project information can be found in Part B. 

What information can be obtained from these two parts will be addressed below. 

3.2.2.2 Layout Part A —Descriptive Project Information 

A better organized schedule effectively communicates the accomplished projects and 

those upcoming projects. This is achieved by showing descriptive information (sheet view) 

in the schedule layout. A sheet view is a spreadsheet-like representation (in rows and 

columns) of project information. Tasks are arranged vertically, like a list. The categories of 

information about each task are arranged in subsequent columns, with each column 

specifying a type of information, such as start dates or costs. 



www.manaraa.com

33 

' F ~ ~~ ` 
~: .: 

>c;;~;`.. ~x Y~:'r<:<c:a... f~r>` of headertext a is<t:ti••.. :cEb :>:~;:.:~:;;; ... .... ...:....:.....::: z:z;;.>;:;;;;;;;;;;;: _. 

Km E:ec List ;I'ie' 

.. .:,• . 
';"FSfii:~:::'s<:::::::%:':%i~::`::;Y..a o...i'.C.~~:.:?::.:kY::::i~~.;l3'#'~: ;....... .`5:'•y~''.*, ~M1x°:~:;T, ? x?5... 
:: ~. 

•. .: i~'1n: ~afL. xS:..9N: ax k~.4:ctt. K'~ . .a:,~`9,5.`~~.~w. §~,~:F2 

{~~~} {3z4)8 

{.~~9} ' 

3rd- fit. ~amp~ & roads {,both 
sE~~ies '~'h ut 3r~Ci'~ 2r;Li St. r-,~~a€ls. 
~chooi St {3rd to UsPY9 R.~, ~emr~ c~€ 
nth Aue EJr~d~e 

~~i~erstructure 

i= 3rd St. bridge Utilities 

l~slv9 ?.'V L"~~ {Qefauit Qur.} 

d Ave. ?5? days MA 2 fS~i P; 

2nd Ave. Bridge {Steel] Repl'rrtt., ?4& days Tue Sl2{3142 2 s3~ P~ 
inr# 4nn•n~rh Ct~hnnl Cr 1'2rri to 

...,,.,,..~.,..:.,:..:~.,..,w,.. 

Figure 16: Schedule Layout 

.:::~,•rs~r.. .T.SS 

~;~~ ~ 
.,.... u %'/.~ ~. y. .......u..n.. 

,.; 

If the sheet view is not displaying the type of information that the researcher wants to 

see regarding projects, the entire appearance of the sheet view can be changed by selecting 

different columns for the view. By switching to different columns, the researcher can view a 

variety of information related to the work required to complete a project, such as the letting 

dates and project identification numbers. 
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Figure 17: Schedule Layout —Part A 
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As shown in Figure 17, the sheet view contains seven columns: 

• The ID number can be found in the first column. These ID numbers are generated by 

the Microsoft Project program automatically. 

• The second and the third column list the "Current Parenthesis Number" and the 

"Original Parenthesis Number", respectively. The reason these two numbers are 

listed will be addressed later. 

• The fourth column gives the description of projects, which are exactly the same as the 

Iowa DOT terminology. Clients can search the schedule the same way they search 

Iowa DOT documents. 

• The fifth column lists the project durations, which are based on researchers' 

calculations (Syuin-Chet Tee [4] and Jingxi Li [5]). 
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• Project letting dates can be found in the sixth column. The researcher found that 

letting dates are important for clients. Iowa DOT and FHWA use letting dates to plan 

the primary staging, resources, and money flow. Contractors use letting dates as 

milestones for utility relocation, material preparation, and workforce management. 

• Cost information is given in the seventh column. For previously let projects, awarded 

costs are listed in this column. Otherwise, projected costs with inflation are shown in 

this column. The total programmed cost is $ 426 million. Besides costs for 

construction, costs for general activities are also listed at the bottom of the schedule. 

General activities include: Intelligent Transportation Systems (ITS), ROW, Utility 

Relocation, Traffic Signals, Mainline Lighting, and Landscaping. 

Before explaining "Current" and "Original" Parenthesis Number, it is necessary to 

explain the origin of Parenthesis Number and tied projects. 

Parenthesis Numbers —Parenthesis numbers are derived from Project Numbers 

shown on an Iowa DOT Production Schedule (Figure 18). Project Numbers are used by the 

Iowa DOT to identify individual projects. As highlighted in Figure 18, the Project Number 

has a uniform format: IM-235-2 (XXX) YY--ZZ-77. In this format, (XXX) YY is the most 

important part for differentiating projects within a particular corridor. (XXX) serves as the 

project ID number, and it is different from one project to another. YY shows the source of 

funding for this project. Since (XXX) YY is unique for each project, both the Iowa DOT and 

researchers use it to find projects. For example, (320)8 represent "3rd St. Bridge 
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Replacement". Since (XXX) YY has a parenthesis, it is called a "Parenthesis (paren for 

short) Number". 
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Figure 18: Iowa DOT Production Schedule 

Tied Projects — In the I-235 reconstruction project, the Iowa DOT put some projects 

under one parenthesis/project number, lets them in a single contract on one day, and awards 

them to one primary contractor. These projects are called tied projects. The reasons they are 

tied together are: 

• Easier management for the Iowa DOT. If there are construction issues about 

these tied projects, the Iowa DOT only needs to contact one primary contractor, 

instead of several contractors. Also it is easier for the Iowa DOT to control cash 
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demands —the Iowa DOT pays only the primary contractor, and this primary 

contractor will pay all subcontractors. 

• Better cooperation among subcontractors. After being awarded the contract, the 

primary contractor will subcontract tied projects to other contractors. For tied 

projects, contractors are more likely to cooperate with each other. Chances are 

good that projects will be on schedule and within budget. 

• Geographical consideration. Some projects are tied because they are 

geographically close to each other. For example, 3rd St. Bridge and 2nd Ave. 

Bridge are located side by side. And 3rd St. Bridge Replacement and 2nd Ave. 

Bridge Replacement (include approach, School St. (3rd St. to Des Moines River)) 

are tied together. Contractors for these two bridges can work at the same pace on 

some activities. For example, one of the advantages is shortened 

materials/equipment moving in and out time, and thus shorter main line closure 

time. 

"Current" and "Original" Parenthesis Numbers — As seen in previous sections, 

identifying tied project information (Letting dates, internal logical relationships, etc) helps 

clients to make management decisions. The layout of the schedule is designed to fulfill this 

need. 
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Figure 19: Schedule Layout — Part A with Highlights 

In Figure 19, "Current" represents the Parenthesis Number after the project is tied, if 

applicable. "Original" stands for the Parenthesis Number before the projects were tied, if 

applicable. If projects are tied, they should have a same "Current" number in the second 

column. As highlighted in Figure 19, projects with ID 249, 250, and 261 are tied because 

they all have the same "Current" Parenthesis Number (477). Notice that the "Original" 

Parenthesis Number of the project with ID 249 is also (477). This means among these tied 

projects, this project (ID 249) is the most important, or the most complicated project. 

If a project is stand alone, only its Current Parenthesis Number will be displayed. For 

example, the Current Parenthesis Number is (469) for the project with ID 257. 
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3.2.2.3 Layout Part B —Graphical project information 

The easier it is to follow a schedule, the more it will be used. Gantt chart view 

provides the desirable way of viewing graphically based information about the project. For 

example, using Gantt chart enables the schedule to give a graphic answer to inquiries of 

logical relationships, to the effect of a delayed start or the delayed completion of any activity 

because of Microsoft Project's ability to produce instant results for "what if" scenarios. 

:'~{si~427~1i.:~ 

Figure 20: Schedule Layout — Part B (1) 

`r::y~ ~ : ate' x ~̀. ~ 

In Figure 20, the time scale for the project is plotted at the top of the schedule, with a 

unit of measurement (Quarters) clearly stated. Grid lines are used for easy viewing. Project 

durations are represented by the length of the task bar, with the beginning of a project 

directly under the start date on the time scale. Blue bars represent construction activities, and 
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green bars represent utility works. Summary projects representing multiple detailed subtasks 

can make a schedule simpler to read. The arrows connecting one project to another represent 

the dependency relationships. 
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Figure 21: Schedule Layout — Part B (2) 

To quickly access the project infor~~iation, point to a task bar and stay the mouse for 

while, a text box will appear. As shown in Figure 21, Name, Start/Finish Date, and the 

duration of the project can be found in the box. 

The effect of a delayed start or a delayed completion of any activity can be 

demonstrated graphically by running what-if scenarios. Point to the right end of the task bar 

that needs to be changed, wait until the pointer changes, then drag to the right to lengthen the 

duration of the project (Figure 22). Reviewing the changes of successors can tell the 

researcher how severe the effect would be. 
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Figure 22: Schedule Layout — Part B (3) 

3.2.3 Creating Custom Outline Codes 

When a defined subset of the customized schedule layout (shown in previous sections) 

needs to be seen, a filter can be applied to display only the information that meets the filter 

criterion. As an interactive filter, Custom Outline Codes give the researcher more flexibility 

in working with Microsoft Project data. 

Custom Outline Codes are tags that are defined for projects that provide an alternate 

index system in the schedule. After defining and assigning Outline Codes to projects, the 

researcher can use them to sort, filter, or group projects in the schedule. 
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Each level of an Outline Code can consist of uppercase or lowercase letters, numbers, 

or characters the researcher enters (any combination of uppercase and lowercase letters and 

numbers), and a symbol to separate the levels of the code. The total length of an Outline 

Code can be up to 255 characters. 

For example, if an Outline Code is specified with three levels three uppercase 

letters in the first level, three numbers in the second level, any number of characters in the 

third level, and a plus sign as the code separator it could be entered such as: 

• ABC + 395 + Designl 

Compared with pre-defined filters that Microsoft Project provides, using Outline 

Codes to filter/sort projects has the following advantages: 

• Searching a project using Outline Code takes all criterions into consideration in 

one step. While using pre-defined filters applies only one criterion at a time. For 

a large project like I-235, Outline Codes enable quicker searches, and more 

accurate results. For example, trying to find a project "West Des Moines 28th St. 

Bridge Replacement", which has two Parenthesis Numbers — (272) and (275) 

because it was tied with another project. Using pre-defined filters, if the project 

cannot be found in the second column (considered as one filter criterion in 

Microsoft Project) of the schedule, clients need to redo the search in the third 

column. However, using Outline Code to search needs only one step because 

both Parenthesis Numbers are in the same one Outline Code. 
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• Outline Code is an all-in-one interactive code. With the total length of 255 

characters, there is almost no limitation to augment its existing filtering/sorting 

capacity by adding various criterions into the existing code. Although it is 

possible to add extra filters to existing pre-defined filters, new columns (they are 

called "Fields" in Microsoft Project) should be defined and their positions need to 

be remembered. Because in the Gantt chart view most of the columns are hidden, 

chances are high that clients cannot find them when needed. 

Steps of creating Custom Outline Codes in the I-235 schedule are illustrated below: 

Step 1: Format of I-235 Outline Codes 

After knowing what information should be included in different customized schedules, 

the researcher defined the content and format of I-235 Outline Codes. Outline Codes consist 

of eight levels, which look like: 

• Level 1 +Level 2 +Level 3 +Level 4 +Level 5 +Level 6 +Level 7 +Level 8 

Levels 2, 3, and 4 consist of numbers. Levels 1, 5, 6, and 7 consist of letter(s). 

Meanings of numbers and letters) (highlighted with bold italic font in the table) that are used 

in each level are shown below: 

Level 1 —Project Details 
Project 

Description 
B —Bridge Work 

G&P—Grading and Paving 

RCB —Concrete Culvert Extension 
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~~S —Sanitary Sewer 

STS —'Storm Sewer 

U —Utility Work 

W —Noise Wall 

WW —Water Main 

4'VDM —West Des Moines 

ATTPH — AT&T Phone Line 

~mocoP —Amoco. Pipeline 
Location 
and 

Company 
Name. 

MAED —Mid American Electric C~istribution 

MAST —Mid American Electric 7"ransmission 

MAG —Mid American Gas 

ML -.McLeod 

CSC '— Qwest Cable (TV} 

Level 2 —Current Parenthesis Number 

Level 3 * —Original Parenthesis Number 

Level 4 —Letting Date (In mmddyyyy format) 

Level 5 * —Stand Alone or Tied Project 

T /E —.Tied project 

Level 6 * —Contractor Undertaking the Job 

BECKMAN— BECKMAN CONSTRUCTION 

CRAMER —CRAMER AND ASSOC. 

DECARLO — DECARLO DEMOLITION COMPANY 

GLEN— GLEN JORDAN CONST. CO. 

HERBERGER — HERBERGER CONST. CO. 

JENSEN—JENSEN CONST. CO. 
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KRI —KRI COMPANY 

MCANINCH—MCANINCH CORP. 

REILLY— REILLY CONSTRUCTION CO., INC 

SCOTT— SCOTT DILLARD DEMOLITION 

UNITED— UNITED CONTRACTORS, INC. 

Level 7 — Ciier~ts 

Marty— Marty Sankey, Iowa DOT 

E3ob -- Bob Younie, Iowa DOT 

Jim —Jim Schonerock 

H►evin —Kevin Merryman, Iowa DOT 

Greg —Greg Mulder, Iowa DOT 

Max -Max Grogg, FHWA 

frank -Frank Howell, FHWA 

h;yle —Kyle Danley, Des Moines Water Works 

Level 8 * —Others 
Figure 23: I-235 Outline Codes 

• Note: * in the table means "If Applicable". If a level is not applicable for one 

project, it will not show up in the Outline Code. For example, for projects that 

will be let in the future, Level 6 (Contractor Undertaking the Job) is still unknown. 

Outline Codes for these projects should be: 

o Level 1 +Level 2 +Level 3 +Level 4 +Level 5 +Level 7 +Level 8 
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Step 2: Creation of Outline Codes in the Schedule 

Procedures of developing an Outline Code are explained in Appendix C. 

Examples of I-235 Outline Codes are shown below: 

• RCB+376+10282003 

• B+272+272+01152002+TIH,+HERBERGER 

• UDSMWW+305+475+03262002+TIE+REILLY+Greg+Short 

3.2.4 Customizing the Schedule 

Steps of customizing the schedule using Outline Codes are shown below: 

(1) Click the filter icon ~~- ~ on the Microsoft Project menu to activate filter 

function. Then click the down arrow icon on the title bar of the I-235 

Outline Code. A menu will appear, as shown below (Figure 24): 
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Figure 24: Outline Code (1) 

(2) Then click (Custom. . .) from the menu to open the Custom AutoFilter 

dialog box (Figure 25): 
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Figure 25: Outline Code (2) 

(3) Finally fill out the criterion and click OK to apply the customization. 

Repeating (1) — (3) can sort the schedule in different ways: 

(a) Construction schedule —Filter out all utility works, and just information of 

construction projects (Bridge, Interchange, and Soil Nail Wall, etc.) remains. 

(b) Utility schedule —Filter out all construction projects, and just information of 

utility works remains. 

(c) A schedule shows all projects that have the same letting date. 

(d) A schedule shows tied projects: 

(e) A schedule shows all projects that are constructed by one contractor. 

(f) A schedule show only projects that specific Iowa DOT/FHWA personnel 

would like to review. 
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An example of a customized schedule the researcher developed for the Iowa DOT is 

one kind of Construction Schedules (a), as mentioned above. The researcher assigned word 

"short" to the Level 8 of Outline Codes to all utility relevant projects, including utility project, 

and then filtered out all projects with "short" in their Outline Codes (as shown in Figure 19. 

Fill out "does not contain" and "short", then click OK). As a simplified version schedule 

(researchers call it "Short Version Schedule"), clients can concentrate on construction 

projects without being disturbed by utility conflicts, which have a lot of uncertain factors. 

3.3 Implementation of the Schedule 

When the success of the project depends on a group working, it may be vital that each 

client is able to communicate with one another quickly. Clients can waste valuable time 

when communications systems are slow or restrictive (for example, the schedule is not 

published as expected), or they don't know how to use the scheduling software. 

Recognizing this, the researcher publishes the schedule every week, and provides 

training to clients from time to time. 

3.3.1 Publishing the Schedule 

A schedule is not a schedule until it is published. A published schedule gives a 

graphic answer to the effect of a delayed start or the delayed completion of any activity. In 

addition, a schedule that is published for all to see benefits the performance of those involved 

by exchanging information about their project among clients. Probably one of the best 

aspects of a published schedule is its impact on clients. It shows clever organization, and that 

establishes confidence in a client that the schedule can and will perform to expectations. 
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Starting in January 2002, the researcher has published the schedule to clients via 

emails every Wednesday. As the researcher keeps updating the schedule, more and more 

information is added into the schedule. And the size of the schedule file becomes larger and 

larger. Eventually the schedule file is too big to reach clients because of the size limit of 

clients' email servers. Realizing that attaching a schedule file to emails and sending it to 

clients is not an efficient way for electronic file exchange, and also that it is hard to keep the 

published schedule files for long period of time, in October 2002, the researcher set up a web 

server at Iowa State University (Figure 26). All I-235 scheduling works are stored in this 

server. Then a web site (http://erl.cce.iastate.edu/I235) (Figure 28) was developed to show 

clients latest products. After each updating cycle, an email will be sent to each client 

reminding that updated schedule files are ready to be downloaded. A link will be provided in 

the email at the same time. Clicking the link will let the clients download the necessary files 

whenever they want without worrying about the size of schedule files. 

e~ ~~e rv~er 

Figure 26: Web-based Publishing of I-235 Schedule 
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During the construction of the web server and the web site, the researcher found that 

several points needed to be considered: 

• Safety of the web server. In order to well serve the I-235 project, it is important 

to protect every single schedule file from hackers, viruses and computer system 

failures. The researcher chose a computer with a Linux operation system as the I-

235 web server. Compared with a Windows server, a Linux server is not 

vulnerable to hacker attacking and virus infection. Besides the stability of a 

Linux server is much better than a Windows server. 

Protection of particular files. Iowa DOT cost information in schedule files is 

sensitive to contractors. Therefore, how to protect these particular files when 

designing the I-235 web site must be considered. The researcher established a 

protection mechanism for the web site. In order to access these files, a User ID 

and a password will be needed (Figure 27). By assigning different clients 

different User IDs and passwords, the researcher is able to control the 

accessibility of these sensitive files. 

Figure 27: Protection of Sensitive Files. 
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3.3.2 Training Clients 

Training in the use and understanding of a schedule is essential to its effectiveness. 

Otherwise, a schedule will wind up as a scratch pad in the contractor's truck or a wall 

decoration in the project manager's office. 

The researcher found that the most important and the most sophisticated level of 

training is for strategic management and planning. This level requires the greatest 

understanding of the scheduling document. Therefore, a schedule needs to be prepared in 

plain view so that it effectively communicates the accomplished projects and those upcoming 

projects. 

The researcher begins training by explaining the terminology used in the schedule: 

projects, milestones, durations, resources and dependency relationships. 

Next, the researcher points out that projects typically are listed on the left side of a 

page (Schedule Layout Part A, Figure 17) and in the order of sections. Summary projects 

representing multiple detailed subtasks can make a schedule simpler to read. Detailed 

explanations of columns in the layout are provided. 

The time scale (Schedule Layout Part B, Figure 20) for the project is plotted at the top 

of the schedule, with a unit of measurement (weeks or quarters) clearly stated. Grid lines 

typically are used for easy viewing. Project durations are represented by the length of the 

task bar or line, with the beginning of a project directly under the start date on the time scale. 

Milestones can be shown by task icons. The arrows connecting one project to another 

represent the dependency relationships. Blue task bars represent construction projects, and 

green task bars represent utility projects. 

Procedures of opening Notes field and how to use project notes are explained in detail. 
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Applying Outline Codes to display only projects that meet the criterion clients specify 

is illustrated. 

The researcher gives different emphasis to different clients. For example, training 

utility personnel focuses more on how to find and use information about utility projects. 

Training the users of a schedule will make believers of them. The I-235 schedule 

includes all important project information, and it is updated every week. As a good project 

management tool, it improves the clients' ability to manage more construction projects with 

fewer efforts. 
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CHAPTER 4: CONCLUSION and RECOMMENDATIONS 

4.1 Summary 

Keep the project on schedule is one of the most widely understood goals in the 

construction industry. How does one accomplish this completely subjective statement in a 

complex highway project like the I-235 Reconstruction? A fully integrated computer-based 

Program Master schedule should not only be developed, but also should be updated, 

customized, and implemented on a regular basis. Updating the schedule keeps the schedule 

with the latest project status; customizing the schedule satisfies clients' different levels of 

demands; implementing the schedule makes users of it. These three sequential steps help to 

make management decisions and thus end up helping a project keep on schedule. The 

objective of this thesis is to detail key elements involved in updating, customizing, and 

implementing the I-235 schedule. 

Updating the schedule —From all information obtained from various sources, the 

researcher summarizes critical project information such as Letting Date changes, Actual 

StartlFinish dates, and remaining working time. Then the schedule is updated and checked 

against the baseline. If schedule conflicts are found, clients will be advised of an alternative 

construction option, so that they can make corresponding management decisions that will 

help keep the project on schedule. Project information is also converted into an appropriate 

format and pasted into the Notes field in Microsoft Project. This is a convenient way to keep 

track of information related to the schedule. 
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Customizing the schedule —Based on clients' different expectations, the researcher is 

able to customize the schedule in different ways. Strategic managers need the specifics 

shown by including all the summary projects. Division personnel need a schedule showing 

all subtasks. Contractors need just the portion showing their involvement. The researcher 

developed a customized schedule layout which can meet general needs from clients. When a 

specific subset of the information needs to be seen, Custom Outline Codes can be applied to 

display only the information that meets the filter criterion. As a specially defined interactive 

filter, the I-235 Custom Outline Codes can be used to create various kinds of schedules from 

the master schedule for clients. 

Implementing the schedule —The researcher has been publishing the schedule to 

clients via Email since the I-235 project started. Due to the volume of the schedule file, 

conventional Email would not suffice. A secure, protected web site was set up for the needs 

of exchanging electronic files while protecting some sensitive files, and storing published 

schedule files for long period of time. All work wasted if clients don't know how to use the 

schedule file. Therefore, different trainings were provided to different clients for their 

special needs. This makes believers and thus users of the schedule. 

4.2 Benefits 

Updating, customizing, and implementation of a schedule are essential to its 

effectiveness. By doing this, the researcher is able to: 

Keep the schedule up to date with actual data. 

• Compare baseline data to actual data to help identify and solve problems as they 

occur. 
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• Produce status reports for management and project participants. 

• Maintain historical data to help plan future projects more accurately. 

4.3 Recommendations 

It is recommended that future research be accomplished in the following areas: 

• Statistical analysis of project data. Conclusions from completed I-235 projects 

should be drawn to provide guides for the rest of the I-235 projects and national 

highway renewal projects. 

• Links between the schedule file and Iowa DOT design files. Effort should be 

invested in easing clients' workload by keeping them working with Iowa DOT 

design files with which they are familiar. Updates in the schedule file can then be 

transferred to design files automatically. 

• Connections between the master schedule and detailed schedules. Further 

investigation should be conducted to connect currently separate detailed schedules 

and the master schedule. Putting all level of project information on a single 

schedule is of great value to management. 
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APPENDIX A. Iowa DOT Documentations 

1. Background of the I-235 Reconstruction Project (Text courtesy 

www.1235.com) 

Why Rebuild? 

The goals of I-235 reconstruction are to improve safety, update the facility to 

current roadway design standards, reduce congestion, and improve mobility. 

Constructed in the 1960s, I-235 is seriously outdated. It reflects 40-year-old 

design standards, and is wearing out. 

• The pavement is beyond its 30-to 40-year life expectancy and rapidly 

deteriorating. 

• Because of their low clearance, bridges are frequently hit by high-

profile vehicles. 

• Interchanges are too closely spaced. 

• The limited number of traffic lanes causes congestion during peak 

travel periods. 

• The highway fails to meet present traffic demands, and those predicted 

for the future. 

• Even with improvements to city streets and other state highways, the 
area can't handle the projected traffic over the next 20 years. 

As the major transportation corridor through the Des Moines metropolitan and 
state capitol areas, the 14-mile freeway carries significantly more traffic than any 
other corridor in the state, and is critical to the economic development and growth of 
the area. 

-235 also has ahigher-than-average vehicle crash rate. The crash toll 
continues to rise, averaging 850 collisions per year along the entire length, including 
the 21 interchanges. The new freeway could save lives and head off serious crashes. 

Planned Improvements 

• The rebuilding project will reconstruct I-235 to current design standards. 
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• At least six through travel lanes (three in each direction) will be built 

the entire length of the freeway. 

• In some sections there will be an additional lane, or four lanes in each 

direction. 

• The entrance and exit ramps will be lengthened. 

• Bridges with low clearances will be rebuilt. 

• The appearance of the corridor will be enhanced with lighting, plants 

and color variations on the bridges. 

2. I-235 Project Map (Photo courtesy www.1235.com) 

:: 
'2' . ... .. . ... ... 
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3. I-235 staging schedule by year 
The general construction timeline for the reconstruction is as follows: 

• 2002 ~ 2004: Utility Relocation, Bridge Widening and Replacements, 
Median Paving, Temporary Paving, Interchange Reconstruction. 

• 2005 ~ 2006: Mainline Paving. 
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4. Iowa DOT Weekly Letting Report 
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5. Iowa DOT News Release 
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6. Iowa DOT Contractor Coordination Meeting Minutes 
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APPENDIX B. Iowa State University I-235 Scheduling 

Products 

1. Schedule Review Checklist 

1. The project start and end dates have been approved. 

2. Working time calendars have been adjusted for the project, all groups, and 

each individual. 

3. The task list is complete. 

4. The resource list is complete. 

5. At least one resource is assigned to each task (except milestones). 

6. The workload is evenly distributed by resolving any resource 

overallocations. 

7. The critical path has been shortened as much as possible. 

8. Each project link reflects the true project sequence. For example, if two 

projects can start at the same time, they are linked with astart-to-start 

dependency. 

9. No unnecessary constraints have been applied to any projects. 

10. All unnecessary slack time has been cut from projects, and slack remains 

only in those parts of the schedule where it's needed. 

11. Estimated project costs are within budget. 
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2. I-235 Schedule File (Microsoft Project 2000 version) 
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3. Highlight of Changes (Word Document) 
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5. Detailed Schedule of 2nd and 3rd Ramps Pavement Replacement 
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APPENDIX C. Procedures of Creating an Outline Code 

Text courtesy Microsoft Project 2000. 
1. Open the program Microsoft Project. 

2. On the View menu, click a sheet view that contains the tasks or resources 

you want to organize with an Outline Code, such as the Task Sheet or 

Resource Sheet. 
To use a view that is not on the View menu, click More Views, click the view 

you want to use in the Views list, and then click Apply. 

3. On the Tools menu, point to Customize, and then click Fields. 

4. Click the Custom Outline Codes tab. 
5. Under Outline Code, click Task or Resource, and then click the Outline Code 

you want to define, such as I-235 Outline Code. 

6. Click Rename. 
7. In the New name for box, type a name for the custom Outline Code you want 

to create, and then click OK. 

8. Click Define Code Mask. 

9. To specify the Outline Code for first-level tasks or resources, in the Sequence 

column, select the character type. 

• Click Numbers to show a numerical Outline Code for this level. 

• Click Uppercase Letters to show uppercase alphabetical Outline 

Codes; for example, A, B, and C for the first three summary tasks in 

the project. 
• Click Lowercase Letters to show lowercase alphabetical Outline Codes; 

for example, a, b, and c for the first three summary tasks in the project. 

• Click Characters to show any combination of numbers and uppercase 
and lowercase letters; for example, Arch 1, Constl, and I nsp 1 for the 
first three summary tasks in the project. Choosing characters gives you 
the most flexibility for entering customized Outline Codes. 



www.manaraa.com

93 

Microsoft Project displays an asterisk (*) in the Outline Code field until you 

define a string of characters for this level of the Outline Code. 

10. In the Length column, select the number of characters you want to use in the 

first-level Outline Code. 
For example, type 3 to make three characters the mandatory number of 

characters to enter in this level of the Outline Code. The total length of an 

Outline Code can be up to 255 characters., 

11. In the Separator column, type or select the character you want to use for 

separating Outline Code levels. 

By default, the separator character is a period. 

Tips 

• You can specify different separator characters for each code level. 

• You can type other separator characters, such as an ampersand (&) or 

a number sign (#). 

• You can display code levels without a separator character. In the 

Separator column, select the character, and then press DELETE. 

12. Repeat steps 6-8 for each Outline Code level you want to specify. 

13.To restrict Outline Codes to those with values in all levels of the Outline Code 

mask you have defined, select the Only allow new codes with values in all 

levels of mask check box. 

When you select this check box and Outline Codes without a value in each 

level of the Outline Code mask are entered, Microsoft Project displays a 

message stating that the Outline Code is not valid. 
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