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ABSTRACT

DATABASE MANAGEMENT SYSTEM MODELING
FOR CONSTRUCTION PROJECT TIME AND COST DATA PROCESS

By

Hongying Shi

In order to successfully manage a construction project, cost and time controls are two
important project management functions and their related information usually draws
more concern from project managers. A database management system can be designed to
collect, store and manage these data throughout the construction process to satisfy
information needs for decision making.

The critical part of designing a database management system is the abstraction of the
conceptual data model from reality. The primary objective of this research was to develop
a formal conceptual database model for construction project cost and time related data.
This conceptual model was developed using the entity-relationship database modeling
method. A construction company's business process was analyzed to identify the project
construction processes and events. Data generated in these processes was recorded
around these events with what (resources) and who (agents) are involved. A prototyping
database structure based on this conceptual model was implemented into the MS Access
environment. Two case studies were conducted to evaluate the model application in

construction practice.
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Chapter 1

Overview and Introduction

1.1 Overview

Construction projects are time-consuming undertakings and each project usually
involves much more investment of money than a typical manufactured product. The
development of a project normally consists of several phases including planning and
definition, design, procurement and construction (Clough and Sears, 1991). Management
of a construction project is one of the most challenging management assignments in the
industrial world. In a short period of time after contract award, the field manager must
finalize the preliminary project plans developed during the pre-bid or proposal phase,
order materials and construction equipment, erect construction support facilities, and
recruit and mobilize a construction force (CII, Project Control, 1987). Of course, the
primary objective during the construction process is completing the project on time and
within the budget while meeting established quality requirements and other
specifications. To achieve this goal, a well-designed project management system must be
implemented. Construction project management, applied to a given project, is a process
to monitor the field operations according to the plan, find the deviations, and take timely
corrective action. The construction process starts with the onset of construction. At this
point, a comprehensive construction budget and a detailed time schedule of operations
have been prepared and serve as the base plan for project control. After the project has
been started, the reporting system provides progress information to monitor and measure

the actual construction process. Deviations from the plan are identified and management



action is needed to revise it. Project control is established this way (Clough and Sears,
1991). During the construction process, many data are generated. One of the important
parts during the control process is to collect, store, and manage data throughout the
construction process to draw progress information used in the monitoring and reporting
system in a timely fashion. In the meantime this information can be used as a basis for
planning future projects.

A well-designed information system should be applied as part of an efficient project
management system. The information system is usually composed of people, computer
hardware, software programs, and database(s). It provides a mechanism for data
collection, storage, and retrieval. It also facilitates the transformation of data into
information and the management of both data and information. Information plays a key
role in construction project management. For a construction project to be well managed,
data generated during the project construction process must be readily available. As an
important component of an information system, database technology is an important tool
for managing the enormous amount of data generated throughout the project construction
process, and is one of the areas that can be improved to benefit project management. The
term database refers to a shared, integrated computer structure that houses a collection of
data (Rob and Cornel, 1997). Database management systems (DBMS) are programs to
manage the database. Through an efficient DBMS, data from the project at hand is
available for management on a timely basis and also available for further project use.

Cost and time management is the key functions in a project management system,
since they are the two major criteria to measure the success of a project. Cost and time-

related information has usually drawn more attention from project managers than other



issues. Project cost and time management are based on cost and time plans developed for
the project and on an information system that will provide data for comparing planned
performance with actual performance (Clough and Sears, 1991). So the major concern of
a database management system (DBMS) in this research is for the collection, storage,
management and retrieval of the cost and time-related data to facilitate project cost and
time management.

Computer and information technologies have been employed in many business
processes and have made previously impossible things, possible. The fast development of
CPU speed, the memory capacity and hard disk space has physically improved the
database management ability in PC based computers. The construction industry can also
benefit much from this technology improvement. During the construction process large
amounts of data are generated, a well-designed computer-based project database
management system can provides a central data storage pool and help to achieve

automatic information processing and retrieval.

1.2 Problem Area

Construction project management begins from a project plan, which sets up the
budget and target for operation. After initiating the construction, the project-controlling
phase begins. Successful cost and time control are key parts for project success. Effective
control is dependent on a good information system. This system provides feedback
information to measure, evaluate, and report job progress, comparing it with the planned
performance. Information must be timely with little delay between field work and

management review of performance. This timely transfer of information gives the project



manager a chance to evaluate alternatives and take corrective action while an opportunity
still exists to rectify problem areas (Clough and Sears, 1991). This need for rapid and
efficient information transfer raises the requirement of an efficient information system for
timely retrieval of useful information for management. As essential components of an
information system, database provides the basic structure and pool to collect, store and
retrieve data into information. The problem is how to design and implement such a
database management system (DBMS) for construction project data, especially cost and
time data.

Traditionally, a construction project cost system is designed to control the
construction costs within the established control budget and to develop information for
estimating future work. Cost data are stored and processed in the job cost system. Along
with the construction progress, time data are entered in the schedule system to update the
preset schedule. Each type of data collection has traditionally become independent from
the other and maintained separately. Managers are dependent on information from both
systems, which reduces the efficiency of obtaining meaningful information and making
prompt and fully informed decisions (Abudayyeh and Rasdorf, 1991b). Sometimes they
are misdirected by different types of information related to one object. A DBMS for time
and cost control functions must be able to collect, manage, and use both types of data in
an integral and timely way. When the time data can be stored and managed in the cost
system, the integration of both the functions in one system can be realized. Basic to a
project management information system is identifying specific packages of work referred
to as work items (Adrian, 1979). These work items serve as a means of integrating the

project time management function in the cost system as an integrated system. So the first



problem to be solved in building a project DBMS for cost and time data is to define the
work items as the basic data storage units. There are many ways to define specific work
items for a given project. The broader the scale of a work item and the fewer work items
you have for a project, the less accuracy will be provided for determining the project's
work performance. The way a project manager defines the work items also reflects the
detail level in the operation that will be planned, monitored and evaluated. A well-known
breakdown structure is the Master Format published by the Construction Specification
Institute (CSI). It also provides a standard for numbering and classifying sections to
organize both estimates and schedules by the same numbering system, which can then be
used for the control budget and schedule (Barrie and Paulson, 1992). Some researchers
have proposed to use work packages which are based on the work breakdown structure to
divide a project into manageable work packages that have well-defined scopes of work.
Each work package represents the actual tasks that will be used in the project's network
and is suggested as a control account against which both cost and time data are acquired
and accumulated (Rasdorf and Abudayyeh, 1991a). This means that work must be
scheduled and estimated in accordance with the control account in the plan stage. In the
operation phase, data will be collected and stored in these accounts for project
monitoring, reporting and controlling. The work package and CSI code system can be
integrated to provide the basic numbering data storage unit for the modeling of project
DBMS in this research.

The availability of DBMS makes it possible to deal with more sophisticated uses of
the project data resource, if the DBMS is designed to make use of that availability. The

data structures and the extent of the relationships among them play a powerful role in



determining how effective a DBMS is. Therefore, design of a database management
system is very crucial. Only a well-designed database can facilitate data management and
become a valuable information generator. Researchers have focused on the process of
designing databases to support numerous complex applications. The database
development begins from the procedure to determine the information needs of the end
users. Then system designers use a conceptual model to derive a formal representation of
the information elements obtained in the requirement survey. This conceptual model is
transferred into a computational DBMS logic model suitable for implementation in the
computerized environment. Finally, the model is applied to a specific hardware and
software environment. In the development process, conceptual design for a conceptual
database model is very import. It is emphasis on an understanding of the structural
properties of data that is independent of implementation details (Batini, et. al., 1992). It
represents the domain reality in an abstraction level. Using conceptual models, one can
build a description of reality that is easy to understand and interpret (Batini, et. al., 1992).
In the case of project construction, as shown in Figure 1.1. Labor, material and equipment
are resources that make a project. Superintendents are involved in the construction
process to be in charge of the process. Parts of the project work are subcontracted to
subcontractors. This typical picture of project construction is illustrated in the upper part
of Figure 1.1. All these components and activities have related cost and/or time data. In
the middle of Figure 1.1 a conceptual database model represents this picture and
summarizes the data in an abstraction level. When data are presented in their logic view

in the conceptual model they can be applied in a computerized environment for



information processing to get the demand information for managers. The process of data
abstraction from reality to computerized information processing is shown in Figure 1.1.
As a conceptual database model is critical in database design, the problem here is
how to develop such a model. Model development requires the use of tools. The Entity-
Relationship (ER) model method is widely used in the relational database environment,
which is also the database environment used in this research. Several conferences have
been organized on the applications of the ER model to database design and to software
design in general. In 1988 American National Standards Institute chose the ER model as
the standard model for Information Resource Dictionary Systems (Batini, et. al., 1992).
In this model data elements are organized around the basic notions of entities,
relationships and attributes. More explanation about this model will be given in chapter 3.
These notions can be furthered by the "real-world" objects that will represent the system.
In an accounting information system these would include: economic resources (such as
raw material) controlled by an enterprise, economic events (such as issues and purchases
of raw material) affecting the resources, and economic agents (such as foremen and
buyers) participating in these events (McCarthy, Rockwell and Armitage, 1994). This
Resource-Event-Agent (REA) representation and relations consist of the REA template in
the relational database environment. REA was introduced by McCarthy(1982) as a
domain-specific theory for the design of accounting information systems, and its use has
gradually been expanded to the modeling of economic phenomena in general (Geerts and

McCarthy, 1994). This concept will be explained more in chapter 5.
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Database and information system design also requires a good understanding of the
business process of its domain. The value chain concept provides a systematic method for
examining all activities for which a company is responsible and how they interact. Then
it is viewed as an input and output process in which resources are entered as inputs and
some value added-outputs are produced through the production process. A typical
manufacturing company might include product and service flow through (1) research and
development; (2) engineering; (3) production and manufacturing; (4) marketing; (5) sales
and distribution and (6) service. Each step can be considered as a collection of activities
that takes one or more kinds of input and creates an output that is of value to the customer
(Geerts and McCarthy, 1994). From a construction company point of view, the project
construction phase can be considered as the production and manufacturing cycle. Labor,
material and equipment are inputs to the process. Through the construction activities, a
new facility is the output that will be passed on to the customer (owner). The value chain
concept and REA template can be used to analyze business processes where economic
exchanges are evaluated from a database perspective. These concepts will be applied in

this research to analyze the construction business in a database environment.

1.3 Research Objectives

The primary objective of this research is to develop a formal conceptual database
model for construction project cost and time related data.

The purpose of this model is to present data elements of a domain system in an
organized and abstract representation via standard modeling. The domain system, which

is the part of reality being represented in a database system, is the integrated project cost



system. An integrated system means that data processed here are not just cost data, but
some time related data for schedule control are also considered here. Based on this model
a database management system (DBMS) can be built to facilitate project information
processing. This research explores database design development issues and highlights

. conceptual database modeling.

The specific objectives of the research are:

(1) To review the issue of integrating time related data to the cost system and to
establish a framework which defines basic control items for data storage and
control purposes. After time data have been collected and stored in the cost
system, this system becomes an integrated cost system which can perform some
time control functions;

(2) To investigate issues about information systems and the database development
life cycle. The database development process for the integrated cost system is
outlined;

(3) To develop a conceptual data model for the integrated cost system. This
conceptual model represents a project integrated cost system in a database view.
It can also be transferred into a logical model tailored to specific DBMS
software.

(4) To build a prototyping database structure in MS Access. These examples will
demonstrate how data can be processed in the database system that is built from
the conceptual model to prove the concepts explained in the model.

A database reflects an efficient way of storing, accessing, and managing end user

data. A theoretical database development process is needed to produce an efficient
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database. Conceptual design is the most critical phase of database design within this
process (Batini, et.al., 1992). Pursuing the above objectives will place emphasis on the
phase that includes information requirement analysis and conceptual model development.
The fulfillment of these objectives will give the author some specific knowledge of
database development for construction project data. It will also help integrating
information system concepts in the construction field to accomplish effective project
management.

The domain projects that are studied in this research will be projects that vary from
one million to one hundred million-dollar values. When a job value is in this range, a
detailed, complex reporting and information system is required to serve project
management needs. Then the cost of implementing this system can be justified by the
value of management data that it provides. A simpler and less elaborate information

system is sufficient for smaller and simpler projects.

1.4 Research Methodology

1.4.1 Literature Review

The first step of this research is a comprehensive review of literature. This review
includes the areas related to construction project management, integration of cost and
time control, information system and database management system design, ER data
modeling, relational database software study, value chain and REA business process

analysis.
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1.4.2 Integration of Cost and Time Control

The next phase is to study the project construction process and the project
management system focusing on the cost and time control subsystems. Information
requirements and flow in project cost system will be studied. Data elements and their
characteristics will be discovered and classified from analyzing documents in this system.
The issue of how to integrate the time control function into the cost system will be raised.

Basic data storage units for project cost and time data will be identified.

1.4.3 Conceptual Model of Project Database Management System Development

A conceptual model of project database management system will be developed. This
model will be a formal representation of the cost and time related data elements generated
in the construction process. There are several research tasks involved in developing the
model. The value chain analysis tool will be used to study the business process of the
construction company. Inputs and outputs during the project construction cycle will be
analyzed. The information requirements of a project manager for cost and time
management will be examined. The data elements related to this requirement will be
organized in terms of entities, relationships, and attributes. The REA pattern will be used
to as a template to represent the entities and relationships that are summarized from the
real-world objects. Using this method, a conceptual model of the project database system
will be developed. This model will provide a logical view of the data that meet the

information requirements of the project manager.
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1.4.4 A Prototyping Database Structure Implemented in Relational Database
Software

In this phase, the author will build sample data tables based on the conceptual model
in a relational database software environment. Microsoft Access' will be selected as the
implementation software. The conceptual model will be transferred to be a particular MS
Access relational database model. Data tables will be developed. Some sample data will
be entered into Access to show how information can be derived from the database by

Structured Query Language (SQL) tool.

1.5 Expected Output

This research study is intended to integrate relational database management
technology with construction project management systems. This research will focus on
using ER modeling tools and REA templates to develop a conceptual model for the
design of a DBMS which will store and manage project time and cost data to facilitate
effective cost and time control. It will follow the system approach of the DBMS
development process. The DBMS will be built upon the integrated cost and time control
systems. By determining the information requirements of project managers and
information flow in this system, data elements will be organized in an R(resource) -
E(event) - A(agent) template and the relationships among entities will be defined. The
DBMS conceptual model will be generated using the ER model. This conceptual model

should not be limited to a particular database software application. Based on this model, a

! Trade names are used in this paper solely to provide specific information. Mention of a
product name does not constitute an endorsement of the product by the author to the
exclusion of other products not mentioned.
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project DBMS can be developed. This DBMS will store, manage and retrieve the project
cost and time data. In this research, data tables will be built base on this model in
Microsoft Access. Sample data will be input to show information processing procedure in

DBMS.

1.6 Organization of the Thesis:
This thesis is organized as follows:

e Chapter 2 provides the research and literature review. It describes the existing
research work and defines the difference of this research and the goal.

e Chapter 3 outlines the development process for the project database model. It
introduces some basic concepts in information and database systems and provides the
overview of their development process. The specific model development process for
the project cost and time data is described.

e Chapter 4 presents the information requirements analysis in the domain system. It
analyzes objectives and functions of project management. The basic storage unit for
cost and time data will be defined. Through the common data unit, some time control
function is integrated in the project cost system. The information requirements and
flow in the cost system are examined. Data elements will be identified and grouped
based on the natural logic relationships among them.

® Chapter 5 focuses on the conceptual model development and explanation. To design
the cost information system in a database view, the business process of a construction
company is examined into cycles and events by value chain analysis. Business events

trigger the information process. In an ER modeling environment, REA organizes
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resource and agent involved around the event to provide an information process
model template. A prototyping database structure is built in MS Access to implement
the conceptual model.

Chapter 6 is the case study. Through the case study, the proposed database view
integrated cost system will be compared with the real practice of construction
company. The proposed system will be used to try to solve some problems of the
reality.

Chapter 7 completes the thesis by discussing the conclusion and the future research in

this area.
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Chapter 2

Literature Review

This chapter describes the existing research and literature in the topics of project cost
and schedule control system integration, and database modeling in construction

management.

2.1 Cost and Schedule Control System Integration

Traditionally project cost and schedule control systems have been used
independently. Both a Cost Breakdown Structure (CBS) and a Work Breakdown
Structure (WBS) are used in the planning and controlling of construction. The CBS is a
breakdown of all cost elements within a project, both direct and indirect. It's used in the
estimating process and the cost control system (Construction Industry Institute, 1987).
The WBS is a breakdown of the project into tasks which progress is tracked. Based on a
WBS the project schedule is generated to serve as the baseline for time control. Since
these two systems are closely related, research was conducted focusing on the integration

of cost and schedule control systems in order to achieve efficient project management.

2.1.1 Cost/Schedule Integration Problems and Methods

The problem of integration between money and time is a problem of compatibility,
because the cost items are associated with the physical elements of the project. The
schedule, on the other hand, is a plan of what is to be done and how, and in what

sequence it will proceed. These two types of data are sometimes incompatible and the
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relationship between them can be: one to one; one to many; many to many (Navon,
1994). On the one hand, a given schedule item may relate to only one cost item. On the
other hand, and more often, a cost item is related to more than one schedule item and
those schedule items can be associated with more than one cost item. Methods to solve
the compatibility problem in this research included manually specifying the resources
associated with each activity; dividing each cost item equally, or proportionally, among
the activities with which it is associated; and assigning each cost item's resources to the
appropriate activity automatically by storing each activity's resource information in an

embedded database (Navon, 1996).

2.1.2 CPM/COST: An Integrated Approach

In "CPM/COST: An Integrated Approach," Sears defined an activity as a unit of work
which takes place in a specific location and has a finite time duration and a cost account
is related to functional items of work such as formwork, excavation, and site drainage. He
summarized six ways that cost accounts were matched to activities. It included: (1) one-
to-one relationships of activities to cost accounts, with distribution being uniform,; (2)
two or more activities to one cost account with a uniform distribution; (3) two or more
cost accounts to one activity with a uniform distribution; (4) any combination of 2 or 3
above; (5) any predefined non-uniform relationship between activities and cost accounts;
(6) any discontinuous or undefined relationship through field evaluation of progress.

The simplest form of CPM/COST integration is that of an activity which involves
only one cost account and where the cost account is unique to that activity. Because of

the requirement of a large number of cost accounts and the bookkeeping burden, a more
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beneficial approach is to allow numerous activities to makeup one cost account. Each
actual resource cost was recorded under a single cost account. The important point was
that the activity cost can be forecast for cash flows and cost projections since the
relationships of activity and cost account have been established, and the actual cost for
each cost account is recorded for historical purposes. It is also possible for one activity to
have more than one cost account.

Information such as estimated and actual quantities and costs was stored in
CPM/COST files. The format of these files was that of a variable length computer record,
which stored data including estimated quantity of work, estimated unit costs for labor,
equipment, materials, and subcontracts, as well as actual costs to date, actual quantity,
and activity number. Records were organized by the cost account numbers. This file was
used to produce reports for cost status, cost-forecast, progress cash forecasting, and time-

cost tradeoff (Sears, 1981)

2.1.3 Project Breakdown Model for Integrated Cost and Time Control

To improve the effectiveness of cost and schedule control, researchers are concerned
with the quality, integrity, and timeliness of data that flow through these control systems.
A number of project breakdown models have been proposed to integrate cost- and
schedule-control functions.

In Rasdorf and Abudayyeh's research, They summarized several research in the topic
of breakdown project to small unit to integrate cost and time data (Rasdorf and

Abudayyeh, 1991a). The first one is a mapping mechanism between the CBS and the
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WBS, which the cost in a given cost account from CBS is allocated to one or more
activities (tasks) that relate to that account in WBS by percent allocation.

Noticing that a cost account may relate to one or more activities, and at the same time
an activity may relate to one or more cost accounts, some researchers proposed using a
work-elements concept for integration. A work element was a control account defined by
a matrix of work packages from the WBS and cost accounts from the CBS, as shown in
Figure 2.1. A work element provides a link between the WBS and the CBS, where a cost
account may relate to one or more activities from the WBS, and at the same time an
activity may relate to one or more cost accounts from CBS. Examples are shown in the
work element matrix table in Figure 2.2. The 30cm walls on the first floor are a work
element from the integration of the first floor walls activity and 30 cm walls cost account.
In this model the authors recognized the need for a common denominator for acquiring

and maintaining data for effective project control.
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Cost Accounts

Activities

First | Second | Third Fourth

Floor | Floor Floor Floor
30cm X X X X
Walls
25cm X X
Walls
20cm X
Walls

X: work element

Figure 2.2 Work element matrix table
(Source: Rasdorf and Abudayyeh, 1991a)
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In Rasdorf and Abudayyeh's research, they also described another approach
developed by Ibbs and Kim (Rasdorf and Abudayyeh, 1991a). Ibbs and Kim (Kim, 1989)
defined a new element called the basic construction operation required by a design object
(BOD), which is the lowest-level construction task needed to build a specific design
object. Thus, a BOD is an object that provides a linking mechanism between a design
object and its corresponding construction operation control functions, such as estimating
and scheduling. A BOD links to three dimensions: a work package on the WBS, a cost
account on the CBS, and a design object on a drawing. For example, the following five
BOD:s can be generated for an 20-cm (8-inch) concrete wall object of area A on the
fourth floor: "fabricate formwork", "erect formwork", "place rebars", "pour concrete"”,
and "strip formwork". Each BOD is then linked to one cost account on the CBS and one
work package on the WBS. Relevant cost accounts for this example may include "labor
cost for 8-in. walls formwork fabrication", "labor cost for 8-in. walls formwork erection”,
"labor cost for 8-in walls formwork stripping"”, and others for material and labor costs of
placing rebars and pouring concrete. Relevant work packages may include "formwork for
8-inch wall of area A — fourth floor", "rebar work for 8-in. wall of area A — fourth
floor", and "concrete work for 8-in. wall of area A — fourth floor", and "concrete work
for 8-in. wall of area A — fourth floor". This BOD approach ignored data acquisition
support since each BOD is defined at such a refined level that it brings the difficulty of
data acquisition.

Summarized from their work described above, Rasdorf and Abudayyeh proposed a
work-package model based on a project WBS, where a package on the WBS may exist at

a higher level than the actual activity level and serve as a basis for project control
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functions. Another breakdown structure, the contractor's organization breakdown
structure (OBS), was also recognized by the work-packaging model. This structure
assigns organizational functional responsibilities to each control account established at

the desired level of detail on the WBS (Rasdorf and Abudayyeh,1991a).

2.2 Information Management and Relational Database Integrated in
Construction Management

Information technology (IT) has played a big role in today's business operations. It
has also drawn the attention of researchers in the construction industry (Abudayyeh,
1991, 1993; Betts, 1993; Gibson, 1992; Kartan, 1997; Rasdorf, 1991, 1992; Talonpoika,
at. el. 1995). From construction process modeling to database concept integration,
researchers have made efforts to use IT to better represent and communicate project
information to achieve the goals of rapid production of high-quality design, fast and cost

effective construction of facility and effective facility management.

2.2.1 COMBINE2 (Computer Models for the Building Industry in Europe) -
Subproject Building HVAC Component Database

COMBINE is a research project focused on developing an operational computer-
based Integrated Building Design System (IBDS). It began with the development of new
methods designed to enhance data-sharing between a number of design applications in
the fields of energy efficiency and building services engineering. This project will enable
better and more efficient building designs, especially from energy conservation, building

quality, and heating and ventilation perspectives. COMBINE2 was the second phase of
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the COMBINE project. In the COMBINE?2 project, the developments concentrated on
establishing a data structure and tools for managing the information exchange in a
building design team. New data exchange methods were developed based on the
international STandard for the Exchange of Product data (STEP) and have been tested.
The objective was to access the architecture CAD, the HVAC-CAD, several thermal
simulation tools, the daylight simulation tool, the costing tool, and two component
databases with the STEP data exchange link to each component and to the common
design database. In the building HVAC component database subproject, the HVAC
component database prototype was implemented. It had a more generic database
structure, which was able to store and manage any kind of component data and integrate
these databases to building design systems. Researchers developed the HVAC component
data model and implemented it with the Access 1.0 relational database. The browser of
the HVAC database was programmed with the Microsoft Visual C++. The browser
allows a user to browse, create, edit, delete, search, and export component data. It
enabled links between any components to different kinds of documents such as text,
graphics and CAD. Selection of one of these links opened the document with the original
software used for making the document. The objective of this project was to build a
generic component data management and storage structures for integration of different
manufacturer's and supplier's databases to facilitate building design practices

(Talonpoika, at. el. 1995).
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2.2.2 Integrated Database Systems

In his research, Gibson (1992) declared that there was a need in the construction
industry for more efficient methods of transferring data between various computer
systems and/or project or corporate entities. Data-transfer strategies were defined falling
into two categories, external and internal. External strategies involve improving data flow
by performing translations or format modifications on the data to permit transfer to some
dissimilar hardware or software environment. Internal data transfer strategies involve the
use of central databases that can be accessed by a wide range of project or corporate
users. This researcher proposed an Integrated Database System (IDS) concept to
effectively combine graphical Computer-Aided-Design (CAD) data and traditional
nongraphical data that are utilized for estimating, scheduling, materials management, cost
accounting, and other project-management functions. This research focused on
integrating a 3-D CAD system and relational database systems. Data were captured
during the design phase and were used for different departments within the construction
firm. The data were captured from 3-D model components, which were converted from a
2-D CAD drawing. Takeoff information was generated electronically and used for
material requisitioning, purchasing, expediting, and inventory management (Gibson,

1992).

2.2.3 Integrating Safety and Health Performance into Construction CPM
Kartan (1997) developed a database management system that solicited project-
specific data from the user and provided, as output, applicable safety and health standards

and recommendations. Then this database was integrated into a Critical Path Method
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(CPM) project scheduling process. This safety database was developed using a relational
database management system (SuperBase) and hypermedia techniques’. Combining the
capabilities of database with hypermedia techniques provides alternative means of
presenting information. This database was linked to scheduling software such as
Primavera Project Planner, making it possible to automatically transfer safety information
to specific project activities in a CPM schedule. Hypermedia techniques permit dynamic
linkage of separate text or graphic files or other forms of computer data and provide a
different view of safety information. This integrated database/CPM safety system

presented an effective tool to improve project safety control (Kartan, 1997).

2.2.4 An Entity Relationship (E-R) Model of Construction Project Bid Data

Betts (1993) developed a conceptual database model for project bid data. A database
was implemented using a relational database management system and data from a recent
tender. A primary result of the work was an entity-relationship model for construction
tender data. Another result of using a database was the measured improvements in the
flexibility of information retrieval. The range of information included in this research was
that which a building contractor uses and produces while preparing a tender. This
researcher concluded that relational databases offer obvious and significant
improvements in the flexibility with which construction project information can be

retrieved and presented. The conceptual database is appropriate to the dynamic and

? Hypermedia: Technique used in multimedia presentations that allows the user to quickly
move among screens to related subject areas, such as pictures, sounds, animation, or
maps in computerized encyclopedias (Shelly, et. al., 1996).
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diverse data represented by a construction project tender and that a database in this area

can result in a worthwhile information system (Betts, 1993).

2.2.5 Related Work in Project Control Area: Design of Construction Industry
Information Management Systems

Abudayyeh and Rasdorf have made a research effort focusing on building an efficient
project information management system. Their research identified work packages on the
project Work Breakdown Structure (WBS) combined with a contractor's Organization
Breakdown Structure (OBS) as the basic structure to establish a common-denominator
control account. Organizational functional responsibilities were assigned to each control
account established at the desired level of detail on the WBS. A schedule and budget
were developed based on work packages. Each account was a depository of control data
that describe the work involved in it.

This research also proposed use of automating data acquisition to improve the quality
of data by eliminating error-prone tasks and processes subject to human errors. Bar-
coding technology was used as an automated data-acquisition tool for identifying and
tracking a variety of information on a construction job site. Bar-coded data items are
provided to the foreman on a sheet. The data sheets were scanned by a hand-held scanner,
and these data were directly entered into the computer.

The process of designing and developing an information management system in this
research was considered to be similar to the development of engineering systems. The
process consisted of four steps including problem definition, conceptual modeling,

computational modeling, and computer modeling. Step one involved identifying the
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required data items, and describing the behavior of the engineering system with respect to
the methods and mechanisms used in acquiring, storing, and processing data. It was
accomplished by analyzing the work packaging model and the data-collection forms
developed by R. S. Means Company. In step two, the Nijissen information analysis
methodology (NIAM)? was used to formally represent the problem formalized by step
one to get the conceptual model. Then the conceptual database model was transformed
into a relational data model. The normalization process to reduce data redundancies was
applied in this step. Finally, the relational data model was mapped onto a relational
database management system.

Their conceptual data model was transformed into data tables. Data about budgets,
definition of WBS and OBS, resource and time consumption are stored in these data
tables. Relational tables that deal with the creation of historical data for future planning

are also created in this database. (Rasdorf and Abudayyeh, 1991a, 1991b, 1992, 1993)

2.3 Chapter Summary

Time and cost management are two important functions within construction project
management. Researchers worked on the integration of these two functions to achieve
more effective management. It's important to know the information reflecting these two
aspects related to one measurable unit of the project breakdown structure. Researchers
analyzed the two sets of project breakdown approaches, cost breakdown structure (CBS)

and work breakdown structure (WBS). They identified the integration problems and the

3 NIAM is a natural approach to semantic modeling that produces a conceptual data-base
schema design that is independent of, and can be mapped to, any data-base model.
Semantic modeling involves identifying a set of semantic concepts that can be used to
formally model the real world and to represent the meanings of data (Rasdorf, 1992).
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relationships between cost accounts based on a CBS and schedule activities based on a
WBS. A work-packaging model was proposed to integrate the CBS and WBS. In this
thesis research, the author will follow this approach to establish the basic units for data
management within a database model. Also, a CSI Master format numbering system will
be integrated in the project breakdown approach in this research.

Database management systems have been applied in the construction field in various
areas. At the bidding stage of projects, a database system improves information
availability and flexibility in retrieving information (Betts, 1993). From the project plan
point of view, an integrated database system where data were taken directly from a 3-D
CAD system facilitated the data transfer to different applications of planning such as
estimating, scheduling, material purchasing (Gibson, 1992). The integration of a safety
and health database with CPM scheduling can effectively improve project safety planning
and control (Kartan, 1997). From the designer's point of view, a more generic database,
which is able to store, and manage any kinds of Heating, Ventilating, and Air
Conditioning (HVAC) component data, can facilitate the designer's practice (COMBINE,
1995). Structured systems analysis and ER modeling for the database design was used in
the contractor's tendering system (Betts, 1993), but not in the area of project management
systems pertaining to cost and time control systems. Abudayyeh and Rasdorf used the
engineering system development approach to design a project information system. They
see the construction project as an example of an engineering system. In this system they
modeled project material, labor, equipment usage and time consuming by using NIAM

data modeling methodology (Rasdorf and Abudayyeh, 1991a, 1991b, 1992, 1993).
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The subject of this research is conceptual database modeling based on the project cost
system, which is also integrated with some time control functions. The basic idea here is
to perform an information-processing function in the integrated cost system through a
centralized database. Files, documents and procedures for information processing in the
cost system will be redesigned into a database environment. The database system will be
built via a database conceptual model. Conceptual models are tools for representing
reality at a high level of abstraction (Batini, et. al., 1992). So it is important to abstract the
description of all data components and their logical structure of the integrated cost system
in a conceptual database model. Besides resource and time consuming, all the cost
components such as subcontracting expense need to be included in this data model. No
such database model which covered all the cost components has been found in this
literature review.

A cost system is a subsystem of a project management system as well as one process
within the construction company's business processes. From the literature review no
research regarding analysis of construction companies' business process for database
management system design has been found. In this research, value chain and Resource-
Event-Agent (REA) concepts will be used as tools in a business process analysis for the
information system and database design. These two concepts are developed in the general
business management field and will be explained in more details in chapter 5. They have
never been applied in the construction management field in analyzing business process of
a construction company for database system design. The Entity-Relationship modeling
method will be used as the database modeling tool because its readability and simplicity

format is well recognized, and more available in both computer science and information
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system literature. In this research, a system approach of the information system and
database development process established by both information systems and computer
science researchers will be used to describe the development process of the conceptual
model. It is described in the next chapter to outline the development process of a database

model.
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Chapter 3

Systems Approach of Database Design

Since database technology began to replace file systems in the mid-1960s, database
design has become a subject studied by researchers both in the computer science and
information systems disciplines. Computer people tend to be concerned with developing
better ways of representing, storing, and processing data by machines. Information
researchers are more concerned about applying computer-based information systems to
the organization to improve productivity and achieve efficient management. They
emphasize the understanding of the structural properties of data that are independent of
implementation details. They study the data modeling aspects of database management
systems, that is, the ways in which data can be organized so they represent the real-world
domain of interest as closely as possible and yet they are still processed by computer. The
systems approach was developed by information researchers for database design and
implementation. This approach will be used in this research for the database modeling of
the project cost and time data. An explanation of this approach will be given in this
chapter to outline the conceptual database model development process for project cost
and time data. System analysis and model development will be presented in the following

chapters.
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3.1 Computer-based Information System and Database

3.1.1 Computer-based Information System Overview

A system is a group of interrelated components working together toward a common
goal by accepting inputs and producing outputs in an organized transformation process.
An information system (IS) is a set of people, procedures, and resources that collects,
transforms, and disseminates information in an organization (O'Brien, 1994). The IS of
an enterprise consists of a collection of activities that regulate the sharing and distribution
of information and the storage of data that are relevant to the management of the
enterprise (Batini, et. al., 1992). Its basic purpose is to make information available for the
right person in the organization. Computer-based information systems use a variety of
computer systems to accomplish the information processing activities. Its basic
components include people, computer hardware, software and data resources (O'Brien,
1994).

People in the IS can be grouped into two different categories: IS end users and IS
specialists. End users are people who use the system in their daily work to produce
information for the business functional operations. IS specialists are people who develop
and maintain the system. They can be categorized into system analyst, computer
programmer, and system administrator. An information system is designed to support the
realization and management of the organizational processes and activities. It builds upon
the business system which has the demand for information. System analysts begin to
analyze the object system from the user view and abstract it to get a logic model of the
system which represents the function of the system in the way a computer can process.

Programmers code the programs for information processing based on output from system
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analysts. System administrators will take care of system maintenance after the
implementation.

Information systems could be operated manually before the computer age. People
used pen and paper to collect, store, and process data generated during the business
operation to produce information for management needs. Since computers entered into
the daily life of business, no IS can function well without computer hardware and
software. Hardware identifies all the system's physical devices. It includes computers
(microcomputer, minicomputer, or mainframe) and all their peripherals, which are the
physical devices that control computer inputs and outputs. Peripherals also include any
electronic devices that are used to connect two or more computers, thereby producing a
computer network. Software refers to the collection of programs that instruct the machine
how to work, and procedures that instruct people how to work with computers.

Data are raw facts about physical phenomena or business transactions. Within the
computer-based information system, people use hardware (machines, media, and
network), and software (programs and procedures), to perform inputs, processing,
outputs, storage, and control activities that convert data resources into information
products. Data, programs and procedures work together performing business functions

and activities to produce meaningful information for management.

3.1.2 Database System
3.1.2.1 File System in Information Processing
To generate relevant information efficiently, quick access to the data from which the

required information is produced is needed. Data management, which focuses on data
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collection, storage, and retrieval, constitutes a core activity for any organization (Rob and
Coronel, 1997). Prior to the use of database management systems (DBMS), data were
kept in computer files on physically large disk drives or magnetic tapes. File processing
systems were used, in which data are organized, stored, and processed in independent
files of data records. For many years, the orientation of information systems had been file
processing (O'Brien, 1994). For instance, in the construction management (CM) field,
project estimates and schedules are kept in estimating and scheduling files. Labor,
material, and equipment usage data are kept in labor and equipment time cards, material
purchase orders and material requisition slips. The quantities of work performed are kept
in progress sheets. Data were stored in these independent data files. The project updating
process consisted of using separate computer programs that updated these independent
data files and used them to produce the documents and reports required by each separated
user application. The independent data file system has limitations in efficiency and
effectiveness for end user applications due to their several major problems. Data
duplication in separated files causes problems in updating and maintenance. Lack of data
integration requires special computer programs to be written to retrieve data from each
independent file. Data dependence requires all data access programs to be changed when

any of the file's data characteristics are changed.

3.1.2.2 Database Management System
The concepts of database and database management were developed to solve the
problems of file processing systems. In the database management approach, files are

consolidated into a common pool of records available to many different application
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programs. A database is an integrated collection of logically related records and files in a
computer system (O'Brien, 1994). A database represents a change in the way end user
data are stored, accessed, and managed. A database management system (DBMS) is a
collection of programs that manages the database structure and controls access to the data
stored in the database (Rob and Coronel, 1997). A DBMS serves as a software interface
between users and databases. This system helps users easily access the records in a
database, and allows the user to create, maintain, and report the data. In the CM field, if
data about a project schedule, estimate, resource usage, and work progress are stored in
one database, information-processing tasks will be performed in a more efficient and

effective way.

3.1.2.3 Entity Relationship Database Modeling

A conceptual database model is an important concept in a database system. It
describes the structure of a database in a conceptual schema, independent of the particular
DBMS. A typical database model shows all data and their relationships. If the models are
not logically sound, the database designs derived from them will not deliver the database
system's promise of effective information draw from an efficient database (Rob and
Coronel, 1997).

An Entity-relationship (ER)* approach for conceptual database modeling was
introduced in 1976 and has become more and more popular; several conferences have

been organized on the applications of an ER model to database design and to software

* For more about ER model concepts please refer to Rob and Coronel, 1997; Teby, 1994
and Batini, Ceri, Navathe, 1992.
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design in general (Batini, et. al., 1992). The basic concepts provided by an ER model are

entities, relationships, and attributes.

Entities represent classes of real-world objects. They are the principal data objects
about which information is to be collected (Teorey, 1994). A particular occurrence of
an entity is called an entity instance. An entity is represented by a rectangle
containing the entity's name in an ER model (Figure 3.1).

Relationships represent real-world associations among one or more entities, and as
such, have no physical or conceptual existence other than that which is inherited from
their entity associations (Teorey, 1994). Relationships are represented by diamond-
shaped symbols (Figure 3.1). A particular occurrence of a relationship is called a
relationship instance or, relationship occurrence.

Attributes represent elementary properties of entities or relationships (Batini, et. al.,
1992). There are two types of attributes: identifiers and descriptors. An identifier (or
key) is used to uniquely determine an instance of an entity; a descriptor (or nonkey
attribute) is used to specify a non-unique characteristic of a particular entity instance.
They are usually represented by a line and a cycle connecting to the entity box or
relationship diamond symbol in ER diagram.

An example of an ER diagram is shown in Figure 3.1. Relationships in entity-

relationship models are described in terms of degree, connectibity, and cardinality.

Degree of a relationship indicates the number of entities associated in a relationship
(Teorey, 1994). A unary relationship exists when an association is maintained within
a single entity. A binary relationship exists when two entities are associated. A

ternary relationship exists when three entities are associated.
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e Connectivity is used to describe the relationship classification. It includes one-to-one,
one-to-many and many-to-many relationships between entities (Rob and Coronel,
1997).

e Cardinality expresses the specific number of entity occurrences associated with one
occurrence of the related entity (Rob and Coronel, 1997). It describes the number of
instances within an entity that are related through a relationship. Cardinality is
represented in the ER model by numbers in the parentheses.

These concepts are illustrated below in Figure 3.1. Material and actual material usage
are two entities. Material no., material description and budget unit cost are attributes of
material entity. Charge no., date, and quantity are attributes for actual material usage.
Material no. and Charge no. are key attributes for Material entity and Actual Material
Usage entity. Their relationship is "issue to" which means material is issued to a project
as material actual usage. It's a binary relationship and has one-to-many connectivity.
Cardinality of this relationship is shown in two parentheses. On the material side, 0
means one kind of material can still be in storage and not be used in the project; n means
material can be issued many times to be used in the project. On the actual material usage
side, the two ones mean that each record of the material usage can only record one kind

of material.

37



(O, n) (1,1)

Material | Actual
Material Usage
ML, No. X Charge No.
Mtl. Description Date
o) .
Quantit
O Budget unit cost Y

Figure 3.1 Example of ER diagram

3.2 Information System Development Life Cycle:

The information system development life cycle represents the history (life cycle) of
an information system. Database design takes place within the scope of an information
system life cycle. It's difficult to separate database design from the system development
cycle. The process of creating an information system is known as systems development
(Rob and Coronel, 1997). Applying this systems approach, an information system's
development cycle can be summarized as a step-by-step process, with major stages
including: (1) investigation, (2) analysis, (3) detailed systems design, (4) implementation,

and (5) maintenance.
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Phase

Tasks
v
System e Determine the problems and opportunities
—>| Investigation e Plan for new system
¢ Feasibility study

System Existing system evaluation
Analysis ¢ Functional requirements

Data design
—> IS));StFm e Process design
Sign Interface design
l e Hardware, software installation
—> li ﬁi:t‘on e Database creation
lmp ' e Programs coding, testing, & debugging
l e System documentation, end user training
System Lo . e
—> Y
ntenance e Monitoring, evaluating & modifying

Figure 3.2 The information system development life cycle
Source: Modified from Coronel, 1997

As shown in figure 3.2, several tasks are involved in each phase. The items in the
right column represent the tasks which need to be completed to accomplish each phase.
In the first step, system investigation is an overview of the company and its objectives.
System analysts examine the existing systems to find out the problems and opportunities.
The requirement of a new information system is planned to improve the business

functionality and to contribute to the achievement of the company's objectives. Then a

39



feasibility study is conducted. It determines the technical aspects of hardware and
software requirements, costs, benefits, and feasibility of the proposed system. Problems
defined during the planning phase are examined in greater details during the system
analysis phase. The existing system is also studied to determine how the system activities
of input, processing, output, storage, and control are accomplished. All data flow and
current processes are described and documented, using systems analysis tools such as
data flow diagrams (DFD). More explanation about DFD is given in section 3.3.1.1 and
in appendix A. The result of system analysis should be a better understanding of the
system's functional areas, actual and potential problems, and opportunities. Functional
requirements of a new system are developed, including user interface requirements,
processing requirements, and data storage requirements. Based on the functional
requirements, a systems design specifies how the system will accomplish these
objectives. The data design activity focuses on the design of the database structure and
the files to be used by a proposed information system. System analysts use a
methodology such as entity relationship (ER) diagrams to draw a conceptual data model
for the proposed database. Process design focuses on the design of data transformation
and processes within the database environment. A user interface design focuses on
building the interactions between end users and computer systems. Designers concentrate
on input-output methods and the conversion of data and information between human-
readable and machine-readable forms.

During the implementation phase, the hardware, database management system
(DBMS) software, and application programs are installed. The data model is applied into

a particular DBMS environment, and the actual database is created. Process and interface



?

programs are coded, tested, and debugged until the system is ready to be delivered. After
testing is concluded, the final documentation is reviewed and printed, and end users are
trained. The system is full in operation at the end of this phase.

Once the system is fully implemented and operated by end users, the maintenance
function begins. Maintenance is the monitoring, evaluating, and modifying of operational

information systems to make improvements.

3.3 Database Development Process:

Within the large picture of an information system the database is also subject to a
development process. Research has been committed to this area. Researchers in both
computer science and information systems have focused attention on the process of
designing databases capable of supporting numerous complex applications. They have
noticed the need to design and use conceptual models in the early stage as part of a well-

developed design methodology for the entire database development process.

3.3.1 Two Approaches of Database Design

Much has been written about database design methods, and basically there are two
methodology approaches: one is data-driven, one is process-driven (Maciaszek, 1990;
Raymond, 1987; Nijssen, 1989; Olle, et al, 1986). These two approaches also reflect the

design philosophy of information system design.
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3.3.1.1 Process-driven Design

The process-driven design is concerned with how the processes or activities are
performed in the application area. It focuses on applications rather than data. The
processes (business functions) are described first. The direction of data flow, which may
physically be contained in a letter, an invoice, or a report passing between processes and
other components, is also made clear. Data storage locations in the whole process are also
considered. Often, a complex process is refined into several subprocesses. A data flow
diagram (DFD) is usually used as a graphic-diagramming tool to represent the logical
view of the flow of data in a system without specifying the physical devices. Appendix A
shows the symbols used in DFD and a typical DFD. DFDs are usually drawn in
increasing levels of detail, starting with a summary high-level view and proceeding to
more detailed lower level views. Data elements from the data flows and data storage
locations are documented in a data dictionary. The initial database structures are derived

from data flow and data storage locations in the flow.

3.3.1.2 Data-driven Design

The data-driven approach focuses on what kinds of data are stored in the database, as
well as what constraints and relationships between data are applied. The principal design
task is to build a data representation or model of the objective system. The entire focus is
placed on data and their properties. Once the data are identified and structured, data
capture and storage procedures are elaborated so that the resulting database can bc. kept
up-to-date. Finally, data access and processing procedures can be designed on demand to

allow decision makers to obtain information in various forms (reports, terminal displays,
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graphics) and analyze this information (costing, scheduling, performance evaluation)
(Raymond, 1987). ER modeling is a widely accepted technique in the design of

conceptual data base models, which is also to be used in this research.

3.3.1.3 Comparison of Data-driven and Process-driven Approach

Comparing these two approaches, a mixed design environment is sometimes
necessary. If the design starts with processes and derives initial database structures from
the processes, then the method is process-driven. Alternatively, if the design starts with
the determination of data structures that satisfy some desirable properties and refines such
structures once the processes are specified, then the approach is data-driven (Maciaszek,
1990). The data-driven approach builds the data structure on the basis of the general
semantics of information used in the business. If user requirements and business
processes were significantly changed, the redesign of a database derived by the process-
driven methodology is likely to be required earlier than in the case of the database
derived in a data-driven fashion. The database modeling and design for project cost and
time data are considered to be a data-driven approach since the design starts with the
determination of the data requirements, and concern about the data content in a
conceptual database model. The database in which the project data are stored and
managed is the center of the project information system. Data processing programs and
procedures are applied to this database. The data-driven approach is also chosen in this
thesis research because data can be represented in a more geﬁeric model without

specifying the particular processes.
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3.3.2 Database Design Process

Although different terminology is used, the database design process for research
efforts can be outlined and summarized as four separate but dependent phases: (1)
information requirements analysis, (2) conceptual design as view modeling and
integration, (3) logic design, and (4) physical design (Ceri, 1983; McCarthy, et al., 1994;
Rob and Coronel, 1997; Teorey, 1994). In the design of a database for project cost and
time data, the four phases can also be applied as a generic rule. These four phases will be

described in the following sections.

3.3.2.1 Information Requirements Analysis

Information requirements analysis can be simply defined as a procedure which
attempts to determine the present and future information needs of the user community
(McCarthy, at. el., 1994). In this phase, objectives of the database system are identified.
The scope, which is defined as the extent of the proposed database based on operational
requirements; is determined. The existing information system is analyzed to find the end
user data views and identify data and their characteristics. The designer examines the
input/output forms and files in order to discover the data characteristics. Business rules
that act upon the data are also reviewed. In this research, a project cost system is analyzed
to define the function and operation rules. Common data storage units for cost and time
data are constructed to provide information for some schedule control functions in the
cost system. Data elements are discovered and classified by analyzing documents, forms,

record formats within the existing system.



3.3.2.2 View Modeling and Integration

The purpose of conceptual design is to describe the information content of the
database rather than the storage structures that will be required to manage this
information (Batini, at. el., 1992). In this phase, information elements obtained from the
first phase are transformed into a formal representation using standard modeling
methodology. By definition from Batini, a data model is a collection of concepts that can
be used to describe a set of data and operations to manipulate the data. When a data
model describes a set of concepts from a given reality, it is a conceptual data model.
When used in database design, it is a conceptual database model. This model embodies a
clear understanding of the business and its functional areas. Also, it is software- and
hardware-independent.

Conceptual database model development is accomplished using conceptual modeling
techniques, particularly the entity-relationship (ER) model. A basic task here is to
construct a graphic diagram in which raw data from the business operations are captured
in a logical way. Compared with other modeling methods, ER is the most popular and
standard data model, which can be found in most available literature both in computer
science and information system fields. Its simplicity and readability feature also helps
easy communication between database designer and end user. In this research, an ER
model will be used as the modeling methodology for the project cost and time data
conceptual model development. This model presents data in the integrated project cost
system at an abstraction level, and it provides a central storage mechanism for data. It
also reflects a new way to perform information process functions in the integrated cost

system.
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When the information process in a project cost system is redesigned, value chain
analysis provides a way to examine all activities that a construction company performs. It
decomposes the business process into cycles and events. These events trigger the
information process. REA which represents Resource-Entity-Agent, was first introduced
as a framework to present the accounting information system in a database view
(McCarthy, 1982). In a database environment REA serves as a template to describe the
event information by identifying what happened (event), what resources are involved,
and who (agent) performed the roles. The REA concepts applied here in the model
development process help to identify and implement the business roles in the model.

When the database design is large, and more than one person and one function area
are involved, multiple views of data and relationships result. Integration is a concept
consolidating these views into a single global view to eliminate redundancy and
inconsistency from the model. View integration requires the use of ER semantic tools
such as identification of synonyms, aggregation, and generalization. An example can be
two possible views of a material/equipment database to be merged into a single global
view based on common data about work items in process which consume material and

equipment.

3.3.2.3 Logic Design

Logic design encompasses activities which translate a DBMS-independent conceptual
model into the internal model for a selected database management system (DBMS); such
as DBASE, ORACLE, MS Access. For the relational DBMS, the logical design includes

the design of tables, views, and access authorities. In short, the logical design translates
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the software-independent conceptual model into a software-dependent model by defining
the appropriate domain definitions, the required tables, and the necessary access
restrictions (Rob and Coronel, 1997). Other output from this phase would include
physical design specifications, program design directions, and guidelines for the database
administrative staff regarding the database security, recovery, consistency and
performance.

In this research, a prototyping database structure including sample tables and queries
based on the conceptual model were set up. But issues regarding the database
administration were not considered since the research purpose here is to analyze the
construction project system and construction business to develop a conceptual data model
for project cost and time data, which is the blueprint of the information generator for

project managers.

3.3.2.4 Physical Design

Physical design is the process of selecting the data storage and data access
characteristics of a database. It decides the location of the data in the storage devices and
the performance of the system. It is not only software-dependent but also hardware-
dependent. Several issues are considered here, including data storage in a single platform
or in a client/server platform, data distribution in different locations, and networking
configurations. Database interface design, application programming for data retrieval,
and integration with other software application are other tasks involved here.

Physical design in the database development process is described as a very technical

job, more typical in the mini and mainframe world than of the personal computer (PC).
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Even in the more complex mini and mainframe computer environments, modern database
software has assumed much of the burden of the physical portion of the design and its
implementation (Rob and Coronel, 1997). The hardware environment for the prototyping
database structure is the IBM PC. Since this research emphasizes database modeling,
most issues in the physical design part are not included here.

Figure 3.3 summarizes the development process of a project cost and time database
model. The left column shows step-by-step phases in database design process. In the
middle column, tasks that need to be taken in each phase are described. Particular
methods used in this research for project data modeling are illustrated in the right

column.

3.4 Chapter Summary

This chapter provides an overview of the concepts of databases and information
systems and their development life cycle. The emphasis of this chapter is on the
description of the database development process. The project cost and time database
design is considered following in the same process. The purpose is to delineate the step-
by-step process of the project cost and time data model development. The following

chapters will follow the outline here to develop the model.
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Chapter 4

Information Requirements Analysis
in an Integrated Project Cost System

This thesis explores database-modeling issues for project cost and time related data
generated during construction. The purpose is to redesign the data storage system for cost
control and time control to improve the information retrieval for project management.
This research focuses on the information requirements during the project construction of
a typical construction company. This sample company is fully responsible for all
perspectives of the construction. Contractual relationships can be varied, and this
company can be a general contractor which performs parts of the project by its own
forces and subcontracts the other parts. In an alternative way, the company can serve as a
construction management firm to coordinate subcontractors. This database system will
provide an organized and efficient means of measuring, collecting, storing, and
processing data reflecting the progress and status of operations on the project with respect
to cost, resources, and schedule. The conceptual database model represents the data and
operation rules of the project cost system at a high level abstraction. It must embody a
clear understanding of the business and its functional areas. So information requirements
analysis is the important first step to build the conceptual model.

This chapter analyzes the project management system to identify the information
requirements for cost control and time control functions. It starts from a project
management overview. Project management is the process and system applied to
construction projects to accomplish the project effectively. There are several functional

areas within the project management system including cost, schedule, quality, and safety.
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The emphases of this chapter are to examine information requirements and to discover
the data element characteristics within the integrated cost system in which time related
data are also considered. Basic data storage units for cost and time data will be proposed
for cost and schedule control integration. Data elements and their characteristics will be
identified by analyzing source documents and the traditional information process in a cost

system.

4.1 Project Management System Overview

A construction project is usually a one-time job upon contract award to finalize the
design under budget and on schedule while meeting the quality specifications. The
primary purpose of project construction is to deliver the project according to the design
under budget and within a specified time frame. Project management refers to how best
to implement the construction process which would include proper scheduling,
coordination, and controlled flow of materials and equipment to the job site (Levy, 1994).

Project mimagement usually includes time management, cost engineering, quality
control, resource and safety management. It is implemented by a planning and control
system. The plan provides the baseline and standards against which performance is
measured. The control system monitors the project status and determines where the
project is with respect to the plan, and initiates corrective action if there is a significant
discrepancy. So the project management system is a repeated process of planning,
operation, feedback, and controlling. Before construction, a plan is set according to the
design, the company's historical information, and the project's external factors. When the

operations get underway, the plans become reference standards. As operations continue,

51



external factors such as weather, design changes, labor disputes, and material delays may
cause the course of operations to differ from the plan. Data generated in the operations
are processed to provide information for management about work in place, time, money,
or resources expended. This information processing system includes collection, storage,
analysis, and reporting. Decision-makers use the information adjusted by outside
condition to modify the plan and take action for managing and controlling the operations.
This is a feedback control system, and it operates continuously throughout the life of a
project.

Project cost control is one of the key responsibilities for all members of the project
team, and it provides the analytical methods and procedures for monitoring, analyzing,
forecasting, and controlling costs on a construction project. It also can be expanded to aid
in performing several project management functions, especially the schedule control

system.

4.2 Project Cost System

Controlling the project costs is a concern of every participant in a project. The
objective is to keep project costs within budget and provide information for estimating
the cost of future work. A functioning and reliable cost system plays a vital role in proper
management of a construction project (Clough and Sears, 1991). It is a process of
planning, operation, monitoring, information feedback, and taking actions. Planning
establishes standards of performance. As the work proceeds in the field, cost accounting
methods are applied to determine the actual costs of production. Data are processed into

information to provide the basis for management decisions that are essential to get an
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action leading to improvements in performance. Resources and production information
are also derived for future estimating.

Traditionally, data are recorded in different source documents such as time cards, and
purchase orders; and are generalized in the job cost accounting system. A database
provides a more efficient way for information processing. A database model outlines the
blueprint upon which to build a project database. In order to develop a database model for
a project cost system, the basic data storage unit needs to be considered. To the simpler
and smaller construction projects, field data can be collected and stored into one unit —
the project itself. Usually, a project needs to be broken down into small measurable units
for planning, controlling and managing data. When time-related data and cost-related
data are collected into the same unit, the cost system is integrated with the time control

system.

4.2.1 Work Breakdown Structure (WBS) and Data Capture Units

4.2.1.1 Work Breakdown Structure

A WBS is a tree hierarchy of the required work to be performed in accomplishing the
end project. Through this hierarchy, a construction project is divided into succeedingly
lower levels of detail, and the bottom level has measurable units in which tasks can be
identified. This management technique is widely used in construction project
management since construction products are totally different from other manufactured
products. Most factory products are produced in clear, visible units such as computers,
cars or lamps, and management emphasizes planning, monitoring and controlling the

production process based on these measurable units. On the contrary, each construction
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product is usually too broad to be a measurable unit. Each construction project takes
considerable time to complete and is unique as to its design and required construction
methods. A WBS serves as the analysis tool breaking the project into the level where
work can be managed by providing a formal structure which identifies all products and
relates all of the work effort required to meet project objectives (Department of Energy,
1981). The WBS is structured in accordance with the way work will be performed and
reflects the way in which project costs and data will be summarized (Department of
Energy, 1979).

In the project cost and time database, the hierarchy of a project provides a structure
for project data summary and collection. During the planning stage, a time schedule and
cost estimate are developed according to the project WBS. As work progresses on tasks
and resources are employed, management control is applied. Actual project data are
captured based on the planning format and then summarized to provide successive levels
of management with the appropriate report on current and predicted status of the work for

which they are responsible.

4.2.1.2 Cost Coding and Data Capture Unit

Cost coding provides the basic framework upon which a cost system is built. It's a
numbering system of the cost items within a project. Cost items are coded in the cost
coding system which serves as the basic data capture unit in the cost system. A project is
decomposed into units where costs can be calculated and collected. It is also referred to
as a cost breakdown structure (CBS). Actually, a CBS is also one kind of WBS, but it has

a different emphasis and approach for project breakdown into activities for a schedule. A
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schedule WBS focuses on a breakdown of the project into activities that need to be
performed and progress is tracked. A CBS emphases the elements of a project for
calculating costs. In separated cost and schedule systems, cost and schedule data are
calculated, collected, and maintained separately in cost items and activities. But if these
two kinds of data are managed in one database, the basic data storage unit needs to be
established.

Sometimes the cost items and activities are not compatible. If an estimator has
prepared an estimate for a building project by functional elements, it may be a formidable
task to determine the estimated quantities and costs for each activity. For example, the
functional element superstructure includes such items as concrete formwork, structural
steel, precast concrete, and miscellaneous iron. If only a total cost figure is given for the
functional element, it will be difficult to distribute this cost over activities. To solve this
problem, estimating and scheduling must follow the same WBS structure at the beginning
stage. Then the consideration is to identify specific packages of work referred to as work
packages for cost and schedule control and data collection. These work packages are at a
higher level than the activity and cost items in the WBS. The work-package creates a
unified view of project data by merging the WBS and CBS. It accomplishes the need for
a common denominator in the hierarchy for acquiring and maintaining data for effective
project control (Rasdorf and Abudayyeh, 1992). Each work package is assigned to one
cost account. All aspects of the contractor's management control systems come together
at the cost account including budgets, estimates, schedules, work assignments, cost
collection, progress assessment, problem identification, and corrective actions

(Department of energy, 1981).
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The Master Format, shown in Appendix B, published by the Construction
Specification Institute is a standard for numbering and classifying sections of a project.
Combining this numbering system with project work packages can provide a standard
numbering project breakdown system where on the bottom level project data can be
collected and recorded. The number for each work item will have 9 digits. First the
project is divided according to the 16 divisions of the Master Format. The second level is
the subsections under each division as shown in Appendix B. These two levels will take
the first five digits. Then the project is continued to be broken down by locations. The
next two digits are for numbering the locations. The next level of the project breakdown
is the work packages named as work items divided according to project elements. Two-
digit number will be used to code this level. .

A sample building project was broken down by this method as an example shown in
Figure 4.1. This is actually a numbering project WBS based on the master format. The
project was broken down and each level was numbered according to the master format.
The first level is in accordance with sections of master format, and the second level is
subsections. Then the project was divided by the locations (floors) and function elements
(slab and beam, walls and columns). The numbers in each level are coded according to
Master Format numbering system. As shown in the example, the code for the cast-in-
place concrete wall work item on floor one is 0330001002. This coding system provides
a numbering system for the project breakdown units as well as their identification in the
computerized information processing environment. Work items which serve as cost

control accounts and basic data capture units are at the bottom level. Each item may

include several activities and different kinds of cost resources. In the example of cast-in-
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place concrete wall item on the first floor, it includes "pour concrete", "finish concrete”,
and "cure concrete” activities, and all cost resources associated with these activities such
as concrete material, labor and equipment. When cost and time data can be captured in
the same unit, the cost system is integrated with the schedule control system. In the
integrated cost system, scheduling plan and estimating budget are required to be done

according to these preset work item units in the early stage of project planning.
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WBS system for data storage
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Figure 4.1 WBS numbering system of data storage units
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4.2.2 Cost Plan

For control of project costs, there must be a cost plan against which cost performance
is measured. The cost plan may be considered to consist of two major divisions: schedule
and estimate. Since the cost system here is the cost/time integrated system, the schedule

is considered as one part of the cost plan.

4.2.2.1 Schedule

Usually a construction project has a fixed time frame, in which project managers need
to manipulate large numbers of operations to complete the project. The planning
techniques of the Critical Path Method (CPM) draw all operations of the project in a
network diagram based on job logic and restraints. Once the network has been developed,
the time element is introduced into the planning diagram to form a work schedule. This
project schedule is a projected timetable of construction operations that will serve as the
principal guideline for project execution (Clough and Sears, 1991). Schedule
development involves a series of steps. The major steps include identifying activities,
developing the logic relationships, determining a time duration for each activity, and
calculating critical path time. The scheduling progress begins by dividing the project into
several different detail levels according to project WBS. Basic schedule activities are
identified and then the project time data of these activities will be generated. These major
data items include planned duration, starting time, finishing time, and float time. They
reflect the planned project time information. These schedule activities and their
associated time data can be summarized to the higher level units which become work

items for data storage.
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4.2.2.2 Estimate

A project estimate establishes the cost projection and control baseline for
construction. Along with the design-construction processes, development of estimates
proceeds from a conceptual view to more detailed information. A conceptual estimate is a
prediction of the total anticipated cost to the owner. An estimate generated in the detailed
design stage is an aid to predicting the project bid price. The most detailed estimate is
prepared by the general contractor. In the integrated cost/time control system, work items
are the basic units on which quantity take off and prices are based. The contractor uses
this estimate in preparing a bid. Once the bid has been accepted, the estimate serves as a
budget which sets realistic goals for company personnel to accomplish. Quantities,
manhours, unit costs, direct dollars, and other resource expenditures to perform the work
are defined by the unit of work items. Major data items in the budget are quantity,

productivity, resource budget usage and unit costs.

4.2.3 Cost Control

4.2.3.1 Project Job Cost Accounting

The primary objective of a project cost system is to keep the construction costs of the
project within the established control budget. As the work proceeds in the field, cost
accounting methods are applied to determine the actual costs of production. The costs as
they actually occur are compared with the budget. This is the way to find problems and
take actions. Project job cost accounting is the key ingredient in the project cost system.
It provides the basic data required for both cost control and estimating (Clough and Sears,

1991). It performs the function of information processing.



A project job cost system is the set of forms, procedures, and communication
channels used to document project information, process it, and then structure it for
project management decisions (Adrian, 1979). It's part of an accounting system, but
differs substantially from financial accounting. Financial accounting is concemned with
tracking accounts receivable, accounts payable, generating payroll, and maintaining good
bookkeeping. Its structure is in accordance with accepted rules and procedures of
accounting and outside requirements. Its objective is, in great part, preparing a financial
statement. Job cost accounting belongs to managerial accounting, which is more
concerned about cost control and how to allocate costs to the specific product produced.
Cost accounting involves the continuous determination of productivity and cost data, the
analysis of this information, and the presentation of results in summary form. As part of
the accounting system, a job-cost ledger is kept to record usage of labor, material,
equipment and other resources, and to record indirect cost expenditures.

Construction cost accounting is concerned not only with costs, but also with man-
hours, equipment-hours, and the amounts of work accomplished (Clough and Sears,
1991). These data are collected and analyzed for cost control and estimating. Figure 4.2
illustrates the data collection and information process procedures in a job costing system.
In the first rounded rectangle, the project estimating process sets up the budget baseline
for field construction. During the construction process shown in the top dotted line
rectangle, field data are collected through a set of forms and procedures of a job cost
system. Direct labor, direct material and other direct costs are identified and posted to
job-cost ledgers. The source document for assessing a project's labor cost is the timecard.

The material purchase invoices are the source documents for identifying material costs.

61



Besides cost data, quantity of work performed by work item is recorded periodically in
progress sheets to reflect the project progress. Then these field data are processed in a
cost and productivity analysis and compared with the budg<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>