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Computer and information technologies offer significant potential to improve management 

practices in the construction industry. However, the exchange of information between the phases 

of a facility and between the different participants on a project management is typically paper-

based, even though all parties involved in construction rely on computers to do their tasks. This 

dissertation presents a visual database model as a solution to significantly improve use of 

computer and information technologies in communication, project documentation, and 

knowledge sharing among the different participants through the life-cycle of the facility. The 

Visual Information Access and Management (VIAM) model is organized in a format that is 

simple and accessible to the different users, and does not change or complicate the construction 

processes.  

The basis of the model uses the construction element as the least common denominator 

between the different participants throughout the life-cycle of the facility. Information related to 

the different construction elements are organized in tables and forms stored in a database. The 

different participants use computer applications to control, document, and communicate 
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construction information and knowledge among themselves for the life cycle of the construction 

project.  

The model is developed around three different axes. The first axis focuses on the access 

and retrieval of construction information related to a certain construction element. The second 

axis is designed to report and provide feedback from the field on the work progress, quality 

assurance, and inspection. The third axis targets the executive management of the construction 

company in order to evaluate the performance of the construction crews, generate cost data and 

useful historical data for future reference. 

The first axis is in form of tables that focus on the construction information related to a 

certain construction element. This information is relevant to the field people in charge of the 

construction and the quality control activities. This information is organized and accessible to the 

builders in a simplified format, straight to the point in order to reduce errors and 

miscommunications of knowledge originated by the design entities.  

The second axis is designed to report and provide feedback from the field on the work 

progress, quality assurance, and inspection. This information is linked to the tables mentioned in 

the first axis through the common denominator, the construction entity.  

The third axis allows the project management entities to generate cost data based on 

feedback from the field. These data allow the generation of progress reports to keep track of 

actual versus as-planned schedule. Data generated along this axis is used to analyze productivity 

trends, predict behavior, detect delays and better understand the effect of changes on the 

construction processes. Historical data can be generated for reference for future bids and project 

approaches.  
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CHAPTER 1 
INTRODUCTION 

Research Motivation 

The Visual Information Access and Management (VIAM) model is a proposed solution to 

optimize information integration and management from the construction management team 

standpoint, and to extend it throughout the life cycle of the construction project. The VIAM 

model assists the construction management team in completing their various tasks by linking a 

project database to the graphical representation of the various construction elements that 

constitute the construction project. The suggested model implements a bottom-up approach of 

computer and information technology application to the construction industry.  

The construction industry involves various teams with different backgrounds, levels of 

education, and levels of technologies adaptation. These various teams are required to 

communicate and coordinate in order to accomplish a common goal. In an age of computer 

technologies, where industries are adopting new technologies to achieve competitive advantage, 

the construction industry relies on paper-based information exchange to communicate and share 

knowledge amongst the different parties involved in the construction processes. Even though, the 

different parties involved in the construction processes rely on computers to perform their own 

tasks, paper documents remain the common denominator among the various computer 

technologies and computer applications intended to separately assist the different teams involved 

in the construction process.  

The construction industry suffers from what has been described as the “islands of 

information” syndrome due to the lack of connectivity between its various participants and 

functions which hampers its ability to take advantage of advances in information and computer 

technologies. 
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In an attempt to link these islands of information among the various parties involved in the 

construction processes, a huge effort has been vested in developing Industry Foundation Classes-

IFC -standard data structures in order to allow computer applications to exchange project 

information about construction projects. Approaches such as Object Oriented Computer Aided 

Architectural Design (OOCAD), and Life Cycle Management (LCM) are also believed to 

improve building information modeling and communication, in the Architecture, Engineering 

and Construction (AEC) industry. 

The focus of this study is on the construction phase and the Construction Management 

team (CM) with the goal of improving construction information flow and communication 

through out the life cycle of the project. The Visual Information model suggested in this study 

revolves around the idea of an integrated project model. The model uses the construction project 

as the basis to organize the information in a database. The information stored in the database 

communicates, to the different project participants, accurate, up-to-date knowledge of the work 

progress. At a second level, analyses of the information stored in the database generates 

knowledge of various facets of the construction activities such as but not limited to: 

- Progress reports  

- Cost analysis of the project expenditures to date 

-  Up to date schedule and analysis versus the proposed schedule 

- A daily diary of the construction activities and conditions on a construction site 

At a third level, maintenance of this project database throughout the operation and maintenance 

phase of the construction project generates life cycle information of the construction elements. 
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Solution Potential 

The Visual Information model proposed in this dissertation is developed based on a bottom 

up approach to understand the common practices and the standardized construction management 

processes in the construction industry, and how to optimize these processes with the use of 

computer and information technology.  

In order to achieve the integration of the construction knowledge, the proposed model uses 

the construction element as the focal point of the database. The information pertinent to the 

various construction elements is organized in inter-related tables. Every construction element is 

assigned a unique ID that will be used as a “Key” relating the different tables. The different users 

access and operate different levels of the database. The standardization of the information in a 

database avoids the requirements of translators to link the information generated by the different 

users. 

The model links information to the graphical representation of the construction elements in 

order to achieve the following: 

• Integrate information. Using the construction element as the basis of the database, each 

construction element has a unique identification number that links its graphical 

representation in the CAD drawing to the various tables relative to the design, schedule, 

specifications, work progress, safety and other information. 

• Access information. A variety of information related to any construction element can be 

retrieved by point and click from the drawing. By pointing on the representation of the 

construction element the user has a choice to access multiple tables on the design, safety 

requirements, or other tasks relative to the user’s job assignment. 
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• Share knowledge. The user can report the work progress on-site by point and click from the 

drawing. The user can access the tables for work progress information and update the work in 

progress for that particular day. 

• Improve communication. The information stored in tables is related to the drawing and 

graphical representations by means of unique identification numbers. The Visual Model 

provides the user with the information needed relevant to the construction element in 

question. The user will save time and effort that can be reflected in an increase in 

productivity and reduction in confusion and errors. 

• Improve documentation. By reporting on a daily basis, and updating the work progress in 

the database, the user in the field will be providing accurate documentation of the 

construction activities in the field and linking the labor and manpower to the specific 

construction element.  

• Increase control. The information available from reporting the work progress, and tracking 

labor, provides the management team with reliable data that can be used to administer closely 

the cost accounts, schedule progress, and monitor team performance among others. 

• Manage change. The tracking and the documentation of the work in progress allows the 

management team to measure the effect of change on the construction activities, schedule, 

labor and contract. 

• Replace paper-based communication. The users exchange construction information by 

updating the database. The tabular data provides the users with the flexibility to analyze, sort 

and organize the data. 

• Keep track of work progress. The progress data allow the users to compare actual progress 

to the schedule, as described above. 
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• Analyze productivity. The data provided by the users in the field, once organized and 

analyzed by the management team will show realistic representation of the teams’ 

productivity. 

• Generate reference for future projects. The database can be used to generate reliable 

historical database for teams’ productivity and costs of construction that can be used for 

future reference.  

Next Chapter 2 describes the roles and expectations of the construction management (CM) 

team, the various sources of information where the CM team get the information pertinent to the 

various construction elements, the different teams involved in the construction process, the and 

the anatomy of the construction team. These steps set the basis for defining and understanding 

the problem, by documenting the diverse roles and expectations of the construction management 

team. The research objectives and the research methodology that serve to validate the findings 

are also discussed. 

Chapter 3 presents a summary of the literature review. In this chapter, the author 

summarizes the attempts and approaches in the standardizations of information exchange, 3D 

mixed and virtual reality, computer aided approaches in data exchange and project management, 

Object Oriented approaches, and lifecycle approaches applied to construction management. 

Literature related to the use of Databases in data exchange and information sharing, the use of 

GIS for collaboration and space analysis on a construction project are also summarized. 

Chapter 4 discusses the findings of the application of the Visual Information Access and 

Management (VIAM) model. In addition, the relationships among the various teams involved at 

the construction phase and the information maze in existence on a construction project are 

described and the VIAM model is proposed as a potential solution to the existing daily 
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challenges. Finally, the roles and expectations of the different team members in the construction 

company studied, the objective of the survey conducted about the chosen construction company 

and summaries the findings of the survey using graphs and tables are also discussed. 

Chapter 5 presents a summary of the validation case study used and highlights the 

application and challenges of the VIAM model through examples from real projects that are used 

to validate the theories behind it.  This chapter also lists the challenges that face the use of 

information technologies on construction projects and it characterizes these challenges in terms 

of people challenge, technology gap, and the paradigm of relying on the computer technologies 

in the daily line of work. 

Chapter 6 presents the author’s vision for the use of computer and information 

technologies in the construction industry, such as the incorporation of 3D models in the VIAM 

approach; introduction of a Space Oriented Scheduling approach; usage of real time applications 

to predict behavior; and incorporating the use of wireless and radio frequency identification 

(RFID) technologies on the construction project. Finally, Chapter 7 makes recommendations for 

future research and for the future implementation of computer and information technologies in 

the construction industry.
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CHAPTER 2 
METHODOLOGY 

Problem Statement 

As stated in the research motivation, the proposed model in this research uses a bottom up 

approach to optimize information integration and management, focusing on the construction 

management team at the construction phase of the project. “The construction industry has seen 

an explosion in commercial software. Currently, over 1000 vendors claim to offer construction 

software. The first generations of these applications started by the development of planning and 

scheduling systems, superseded by a second generation of network-based, computer-assisted 

techniques” (Froese 1992). Although enormous advances have been made in computer 

technologies over the last two decades, the construction industry still relies mostly on paper- 

based to communicate. 

 In order to better understand the needs of a construction management team (CM), this section 

will identify the roles of the CM as a first step towards shaping the proposed model. 

Roles and Expectations of the Construction Management (CM) Team 

The CM team acts on behalf of the owner as the expert in the construction processes. Its 

role is to coordinate the information provided by the design entities and the construction teams; 

verify the completeness of the drawings produced for construction; check the compliance with 

the local construction codes; prepare and keep track of the costs accounts; follow up on the 

permits with the related local authorities; and report work and cost progress to the owner. A 

closer look at the contract that determines the terms of reference for the CM team, categorizes 

the tasks as follows: 

• Assessment of Current Job Status. The CM reports to the owner and the designer entity 

(AE) on a monthly basis an accurate assessment of the current status of the project and 
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of the work remaining to be accomplished. The CM generates a monthly construction 

progress report during the construction phase summarizing the work of the various 

Subcontractors. This report identifies long-lead supply items, current deliveries, safety and 

labor relations programs, permits, construction problems and recommendations, and plans for 

the succeeding month. 

• Management of Variances from Specifications. The CM makes management decisions to 

identify variances from the specifications, including substitutions and eliminations. 

• Projection of Future Developments.  The CM provides an overview of current issues and 

pending decisions, future developments and expected achievements, any problems or delays 

including code violations. 

• Assessment of Current Project Cost. The CM provides a construction cost estimate and 

status of the project expenditures, as well as the current cost and payment status of the 

project. 

• Assessment of Current Work Progress. The CM analyses the various Project Schedules, a 

description of the critical path, and other analyses as necessary to compare planned 

performance with actual performance. 

• Maintain a Daily Log. The CM keeps a daily Construction diary during the 

construction phase describing events and conditions on the project site. 

Various Sources of Construction Information 

The main challenge to the CM team is the integration of the diverse forms of information 

from multiple sources. The Contract Documents (CD’s) consists of a complete set of drawings 

representative of the building, the different construction elements and their relative location in 

the building. The design information is available through additional sheets and cross sections, 
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and schedules (i.e., tables summarizing the different codes and symbols and the appropriate 

relative detail). Construction Specifications Institute (CSI) divisions address additional 

information regarding the general and additional requirements relative to the particular 

construction elements. A proposed schedule for the work progress developed by the CM team at 

the early phase of pre- construction sets the time frame for the contract deliverables. 

Changes in the scope of work, additional information provided by the designer, and 

sometimes design errors or ambiguities in the drawings discovered during the construction 

process add to the challenge of the construction team.  

The construction team has to fully comprehend the scope of the work and coordinate all project 

information. Most of the resulting inconsistencies between the design and the built facility occur 

because of miscommunications and failure to convey up-to-date information to the field crews in 

charge of the construction activities.  

Keeping project information up-to-date, consistent and available provides accurate 

information throughout the project lifecycle and reduces the chances for costly claims and 

disputes. The objective of a lifecycle approach is to transfer the information captured during 

each phase of the construction project throughout the life cycle of the project, in order to 

enhance the quality of the project and provide feedback for future reference for constructors to 

avoid recurring potential problems. The AEC industry, has not taken full advantage of what 

information technologies can provide because of the lack of a consistent information 

management strategy throughout the lifecycle of a facility (Liu 1994).  

Various Teams Involved in the Construction Process 

During the construction phase, the CM team will act as a leader of a bigger team that 

consists of various parties involved in delivering the end product to life (see Figure 1): 

• The owner 
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• The Architect 

• The Engineers 

• The various subcontractors that specialize in the various construction trades 

• The various materials suppliers 

• The construction inspectors 

• And in some cases, depending on the size of the project, an owner representative entity 

 

Figure 2-1.   The parties involved in the construction phase 

Anatomy of the CM Team 

The CM team functions as the link between the A/E entity and the subcontractors who will 

be building the job. The challenge to the CM is to smooth the communication between the A/E 

entities and the Subcontractors, run the construction operations, and assure the compliance of the 

construction work with the contract documents (See Figure 2-2) 

 

The Owner The Architect The Engineer 

The Construction 
Management Team

Construction 
Crew(s) 

Subcontractor(s) Material 
Supplier(s) 
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Figure 2-2.   The construction management team 

A closer look at the construction management team will help us understand and identify 

the various entities that form this team. The CM team consists of two different entities: the 

project management team and the construction team. 

The project management team consists of the following members (See Figure 2-3) 

• The Project Manager (PM) 
• The Assistant Project Manager (APM) 
• The Project Engineer (s) (PE) 
• The Project Accountant (CPA) 
 
The field team consists of the following different members: (See Figure 2-4) 
 
• The General Superintendent 
• The Superintendent 
• The Assistant Superintendent (s) 
• The Layout Crew 

 

Figure 2-3.   The office crew 
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Figure 2-4.   The field crew 

Roles and Responsibilities of the Various Members of the CM Team 

The various team members share the responsibilities to assess the job status. The office 

crew in charge of the documentation aspect of the construction tasks prepares the monthly 

progress reports, cost accounts, revisions of shop drawings and submittals between the 

subcontractors and the A/E. The field crew is in charge of monitoring the schedule and keeping 

records of the daily construction tasks in the field. 

The information generated by the CM field crew is required by the CM office crew to 

generate the current job status assessment report. The coordination between the CM office crew 

and the subs in charge of the materials supply needs to be reported to the CM field crew in order 

to get the approved material per agreement with the contract documents (CD’s) in place. 

Different construction teams delegate different duties and break down the terms of reference for 

the various team members differently, but the overall deliverables from the team remains the 

same all across the industry. 

The coordination between the CM team members and the fast accurate flow of information 

across the team remains the key to the success of the CM team in delivering a quality product on 

time and within budget. 

The General 
Superintendent 

The Assistant 
Superintendent 

The Layout Crew 

The Superintendent 
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Research Objective 

The objective of this research is to develop an interactive integrated and flexible 

construction information model where the information related to the construction entities is 

accessed and managed along the life cycle of the project, from either the drawings or the 

database. The model allows all the participants in the construction process to access and share 

reliable, up to date information related to the construction elements. The Construction 

Management team will be in charge of real time evaluation and tracking of the project 

information and changes and comparing that to the set project objectives.  

The different phases of the study will consist of:  

• Understanding the roles of the various construction team members 

• Understanding the way the different team members fulfill their role 

• Measuring the time the different team members spend on the various tasks 

• Developing a conceptual model that uses Information Technologies to assist the various 
team members fulfill their duties  

• Evaluating the contribution of the developed model using data from real construction 
projects 

Scope and Limitations 

The model will be designed to target construction firms working and operating within the 

United States of America, in particular construction companies that are operating nationally and 

dealing with commercial projects. The minimum size range of the projects will be U.S. $ 35 - 50 

million. Construction projects of this size require a fully staffed construction team in order to 

handle the various operations and the communications issues among the different subcontractors 

and material suppliers. The benefits of the proposed computer tool will be much easier to 

measure when it comes to saving time on coordination, material expediting, updating the 

contract documents, keeping track of the changes and the progress of onsite construction work. 
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Research Methodology  

The research was conducted over three phases. During the first phase the roles of the 

various construction team members and the means and methods the identified team members 

used to fulfill their roles were determined, and the time the different team members spend to 

fulfill the respective tasks was measure. In the second phase the conceptual visual database that 

helps the various team members fulfill their duties efficiently was developed. In the third and 

final phase the contribution of the developed model using data from real construction projects 

was evaluated. 

Phase 1:  Determining the Roles, Means and Methods, and the Time Spent to Fulfill the 
Various Tasks of the Various Construction Team Members 

The purpose of this phase is to gather information relative to the roles of the construction 

team, i.e., what the various members do on a daily basis, “How” they perform the various tasks 

as well as the time it takes them to fulfill these tasks. 

Choice of research strategy 

A survey was conducted to collect information that would yield answers to the previously 

stated questions. The questions are categorized as follows: 

• Demographical data to determine the workload of the team member, the size of the project 
they are involved in 

• The various activities they get involved in on typical day 

• The interactions they have with the various team members 

• The time they spend to fulfill their duties 

The questionnaire was developed based on the observations made by the researcher of the 

construction processes on actual projects. An analysis of the survey results would generalize the 

ideas and theories formulated at the direct observation phase and would determine scientifically 

the organizational and management aspects of the construction team, in terms of the various 
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team players on the same construction team, and how they interacted with their own team 

members and the members of other teams involved in the construction project. 

Direct observations 

The first step was to capture the problems that face the construction team and the different 

information they need in order to solve these problems. The author got involved in the 

construction process and participated as a member of the construction team. Based on the 

personal experience, active involvement in the construction process, direct observation of the 

construction activities and through the conduct of informal conversations in the form of loosely 

structured interviews, ideas and theories about the functions of the construction team within the 

construction company were formulated.  

Surveys 

The result of these observations and ideas needs to be generalized to a more general 

population such as the construction company and the construction industry in general. In order to 

better understand the role of each individual member of the construction team, a series of 

interviews were conducted of the different team members in relation to the role they fulfilled on 

the construction team and in relation to the construction processes. The objective of these 

questionnaires was to determine the role of the different team members in relation to the 

construction team within the same company and at the different organizational levels, as well as 

the relationships of the different team members with the different parties involved in the 

construction project.  

At a different level, the questionnaire would serve to generalize the role of the different 

team members in regards to the construction activities and processes. Different types of 

questionnaires targeted the different team members, based on their position within the 
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“Operation team” or the “Management team” in order to understand their involvement in the 

different processes and procedures parts of the construction project. 

The series of questionnaires used were in the form of structured and formal survey 

interviews, where the author was seeking to test and generalize the ideas and findings from the 

direct observation phase. A strategy of mixed mode between face to face and phone surveys was 

followed, in order to gather the highest response rate possible with the least expensive method. 

The plan, at first, was to conduct face to face interviews with the participants at their place of 

work. Initially data was collected using a pilot survey that tested the questions asked to 

determine whether the questionnaires would yield the desired information. The second and final 

data collection step was conducted over the phone, which is a less costly method and less time 

consuming. 

In both face to face interviews and over the phone interviews, the author personally 

administered the survey. The intent behind this approach of administering the survey was to 

interact with the respondents in answering the questions and in validating the ideas generated by 

the author. 

Choice of survey methodology 

Face to face survey. The face to face survey was used, as it gave the interviewer more 

control over getting the desired respondent to answer the complete survey. Moreover it 

facilitated communication by allowing for the use of visual aids when necessary or for 

explaining clearly the intent of the question in case of ambiguities on the respondent’s side. 

Finally and more importantly, it would eliminate the ability of the others in the business to 

influence their response. 
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Phone survey. The phone survey was used in the latter phases of the research, because it 

would not compromise the interviewer’s control of the survey and it offers the following 

advantages: 

• Produced the quick results 

• Produced rapid turnaround  

• Allowed for direct contact and interaction with the person desired for the  response 

• Eliminated the ability of the others to influence the responses 

The author chose a strategy of a hybrid survey between the face to face survey and the 

phone survey. The disadvantage of the phone survey was eliminated since the author would be 

conducting the survey, and since the desired respondents would be contacted at their place of 

work, the possibility that the respondents did not have access to a phone was eliminated. The 

face to face survey was used at the pre-testing phases of the questionnaires as explained in the 

following section. It was also used to interview the executive management of the construction 

companies. 

Sample population size. The plan is to contact the executive management of one 

construction company ranked among the top 100 on the Engineering News Record ENR ranking. 

The executive management of that company will be given an explanation of the terms of the 

research study. The goal is to get the executive management to cooperate and to help facilitate 

the process of conducting the survey. The purpose of this procedure is to reduce and eliminate 

the non-response error by getting the executive management to commit to the study and to 

provide the contact numbers for the different construction teams that are part of the company.  

The reason for contacting one company at a time is due to the expected variation in 

different companies’ expectations from their staff and team members as well as the variations in 
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their business strategies. In addition, the different companies would have different criteria and 

policies. The objective of this study was to measure within the same cluster of population the 

different sets of relationship and information.  

The population within the same company in question will have a small variation with 

respect to their characteristics of interests. Hence the split does not have to be 50/50 but an 80/20 

split can be used and if we choose a 95% confidence level and a ± 3% sampling error will be 

generated. These precautions reduced the sampling error of this survey.  

Pre-testing the questionnaire. Before conducting the actual survey, it was tested on a 

sample of the population in order to evaluate the questionnaire and make sure it serves the 

purpose it has been built for. The pre-testing of the questionnaire checked the following criteria: 

• All the words were understood  

• All the questions were interpreted the same by all respondents  

• All close-ended questions had an answer that applied to each respondent  

• The questionnaire created a positive impression that motivated people to respond 

• The questions were answered correctly and in a way that can be understood  

• No part of the questionnaire suggest bias on the part of the respondents  

The purpose of checking for all these criteria was to make sure each question was getting the 

information it was intended to collect. 

The survey was conducted with respondents from the construction industry who were 

experts in the procedures and the tasks of the different members of the construction team.  

Preparation of the questionnaires. Before administering the survey, the protocol of the 

process was set and it addressed the following: 

• The timing when the questionnaire would be conducted 
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• The setting of an appointment with the correspondent 

• The way to address the respondent 

• The introduction to the questionnaire 

• The possibility of conducting the questionnaire at different intervals 

• The person that would supervise the process 

• The professionalism and confidentiality statement 

• The wording of a thank you letter that would follow the questionnaire 

Analysis of results. The final goal was to convey the information from the survey answers 

and to be able to generalize the ideas and theories as explained at the beginning of this section. In 

brief, this section would identify the procedure to: 

• Enter the data from the questionnaires into a computer  

• Summarize and analyze the data  

• Interpret the results  

The data was entered in a MS Excel spreadsheet in order to be analyzed and interpreted in 

forms of graphs and diagrams.  

Phase 2: Develop a Conceptual Database with a Visual Component that Serves the Various 
Team Members Fulfill their Duties Efficiently 

The assumption was that the usage of a developed database with a visual component would 

help the various team members in fulfilling their daily tasks more efficiently. The model was 

developed with a bottom up approach, where the end user was placed at the center of the model. 

The various tasks and duties the various team members performed were taken into considerations 

as well as the means and methods the different team members used in performing their daily 

tasks.  
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The proposed integrated construction project information model was developed with the 

intention of facilitating the management of activities throughout the life cycle of a construction 

project by using a database that integrates graphic drawings and textual data. The full benefits of 

the suggested model cannot be achieved unless the textual information is accessible from the 

drawing, (by point and click) as well as allowing for viewing the graphical representation related 

to textual information in the database. A 2-way connection between the graphical and the textual 

information was created. The objective from the proposed approach offers to the user full 

flexibility to deal with the information as a database that can be queried and analyzed, versus 

integrating textual objects into drawings, where the note and text can only be viewed from the 

drawing. 

With the suggested approach, the user has the ability to store and execute database scripts 

and queries, as any other database.  The drawings and the textual information are tied and 

interconnected allowing scripts, query files, and database references to be processed using a 

Structured Query Language (SQL). SQL allows visual query languages to express complex 

queries in a visual, less unsophisticated way. The hierarchies of the database, as well as the 

information needed in the database, were determined from the results of the survey questionnaire 

in the first phase. The analysis of the survey determined the various roles for the different team 

members, as well as the way they accomplished the different construction tasks.  

The proposed model replicates the way the construction team members execute the tasks 

assigned to them. The model does not require a change in behavior for the construction team, but 

on the contrary it is intended to link drawings and specific data to them in form of a database. 

The user will have a CAD drawing that visualizes the building and that allows the user to 

determine visually the construction elements, their location in the building in reference to the 
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other construction elements. The tabular data stores and organizes a variety of information 

relevant to the construction elements such as specifications, design information, product data, 

changes and modifications. The tabular data can be extended to collect information relative to 

the schedule, responsibility, cost, inspection, safety requirements, potential hazards, specific 

requirements, notes, delays, errors, changes, modifications, etc. 

 The information is stored in various entity relationship tables, which are interconnected 

to offer a database that provides the construction team in the field with reliable up-to-date quality 

control information, in an easy accessible way. The construction management team in the field 

inputs information relative to the construction progress. The maintenance of the database on a 

daily basis provides the construction management team in the office with quantities placed, and 

work performed. The data can be used to generate automatically work progress reports over a 

period and to generate automatically billing information. The schedule data can determine actual 

performance versus the planned performance. By assigning governance rules restriction to access 

and change information, based on the specific roles of the team members are imposed. 

The model was developed based on six assumptions: 

Data storage 

 The information generated by the design team and the architect during the design phase is 

stored in a database. The information in the database will include the specifications and the 

requirements that set the expectations and the deliverables for the construction team. That 

information is used by the construction management team in the field for quality assurance and 

quality control purposes. 

Data flexibility 

The database established by the construction management team is extended to include 

information pertinent to the schedule, and the responsibilities of the different subcontractors 
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involved in the construction process. This information developed at the preconstruction phase, 

will be used by the construction management team to define the scope of work for the 

subcontractors, and will be incorporated in the contract with the subcontractor. The schedule of 

the activities will also be reflected in the contract with the subcontractor. The contract will set 

the scope of deliverables and the time frame for the subcontractor to follow. 

Data maintenance 

During the construction phase, the construction management team in the field will be 

required to update this database by entering information pertinent to the work progress on site, 

the activities performed, number of workers available, materials received, inspection logs, and 

changes and deviations from the set project standards. This information will be tied to the ID of 

the construction element. The logic that determines the relationship in the model is that workers 

on site on a particular day are performing work relevant to a particular construction element. 

Hence a construction element in the database will have numerous attributes that represent a 

variety of information reflecting the work progress, quality control, quality assurance, date in 

place, number of workers involved in the process, materials relevant to the construction of the 

element, inspection information, etc. These various attributes can be updated by entering 

information from different forms.  

Data analysis 

The construction management (CM) team in the field office is required to keep track of the 

cost, pay application, billing information, procurement of material, and keeping track of changes. 

The database will provide valuable information pertinent to the cost per cycle, as the CM crew 

will have access to reliable information relative to the field progress, material on site, 

construction elements placed. The database will automatically reflect the progress of the 

construction activities and alert the CM team to material procurement. By automatically 
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generating summary cost reports and automatically generating accurate billing information the 

system will allow the CM team to have more time dedicated to the monitoring of construction 

activities, coordination, expediting material, and verification of compliance with required 

specifications. 

Historical data 

The CM will have reliable historical data to use for reference on future projects. The data 

reflects the cost data, productivity data, and schedule data, that will allow the CM team to predict 

with high accuracy the time and cost of future construction activities. 

Future reference 

The model will provide accurate warranty information to the operation and maintenance 

crew operating the building who in their turn will have the option of adding information 

pertinent to the cost of operating the facility, cost of maintenance and rehabilitation. This 

information can be incorporated in the design of new facilities to provide a value-added product 

to the owner. 

Phase 3: Evaluate the Contribution of the Developed Model Using Data from Real 
Construction Projects 

The aim of this phase is to test, through a case study approach, the ability of the VIAM 

model to offer, through its designed database, the flexibility to link the different construction 

entities, and to allow the construction team to easily access and manage real time, integrated, up 

to date project information. In addition, the ability of the system to serve as a record for the 

construction processes and the communication along the life cycle of the project will be 

evaluated.  
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Case study 

Case studies are used to answer a “How” or “Why” question that is being asked about a 

contemporary set of events over which the investigator has little or no control (Yin 1994). Case 

studies allow direct observation and systematic interviewing and they provide the ability to deal 

with a full variety of evidence-documents, artifacts, interviews and observations where the 

investigator has little or no control. 

This case study was designed to analyze the needs of the construction team along two axes: 

the construction team and the construction project. The construction team is looked at as a part of 

a construction company, hence the need for a tool that links the construction team to the 

construction company, i.e., the construction team at the operational level with the senior 

management and the executive management of the construction company. The construction 

project is a series of phases that starts with the design phase and ends with the demolition/ 

deconstruction of the structure, hence the need to link and analyze the construction project 

through its life cycle. The construction information model is intended to link all the information 

related to the project through the different phases of the project starting with the preconstruction 

phase onto the construction and post construction phases.  

Analysis of model performance 

In order to measure the benefits of the proposed construction information model, the units 

of analysis in this case study rely on quantitative measures of variables such as time savings in: 

• accessing of the construction information 

• managing of the construction information 

• coordinating of construction information  

• eliminating redundant of tasks 
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• checking on reliability and accuracy of shared information 

• communicating construction information 

• coordinating construction information 

• reducing errors in quantity take off 

• improving management of resources 

• linking the construction team with the construction company 

• improving forecasting of problems 

• providing a life cycle approach 

• providing an object oriented approach 

Using data gathered from actual projects, the simulation of the information in the proposed 

construction information model allowed for the validation that the developed model provides the 

technology to access, manage, track and document construction information. As such, the 

construction teams will be able to focus more on managing construction activities, instead of 

performing time consuming paperwork in order to document and track the construction 

activities. 

This construction information model will not require extensive training on new software 

neither will it introduce new techniques and ways of doing things that will cause the company to 

lose efficiency due to learning curves of the staff regarding new technologies. The model is 

intended to help and assist the construction teams in accomplishing their project goals. 

Next in Chapter 3 a summary of the literature review in the areas of computer and 

information technologies used in the construction industry is presented. The literature 

summarizes the attempts and approaches proposed and used to standardize information 

exchange, 3D mixed and virtual reality, computer aided approaches in data exchange and project 
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management, Object Oriented approaches, and lifecycle approaches applied to construction 

management. Literature related to the use of databases in data exchange and information sharing, 

the use of GIS for collaboration and space analysis on a construction project is also discussed. 
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CHAPTER 3 
LITERATURE REVIEW 

This section reviews the literature related to information technologies (IT) in the 

construction industry and the lifecycle project information management. Morton (1991) and 

Bartholomew and Caldwell (1995), emphasized that the real benefits of IT come from the 

capacity of organizations to plan, implement, and use IT, and to “align” IT to organizational 

strategies. 

Bjork (1997) categorized the IT approaches in the construction industry in two main 

categories, a “technology push” approach and a “problem driven” approach. Often the discussion 

of IT technologies of interest to construction is centered on the most recent tools general 

developments in commercial IT or in computer science research. They offer a "technology push" 

viewpoint, and focus in the direction of object-oriented designs, or attempting to use the World 

Wide Web for speeding the communication process, or developing expert systems that will serve 

as link between the different computer tools used in the construction industry. The second 

approach to IT starts with the study of the information management process in the construction 

industry in a comprehensive way and the identification of potential application areas for IT tools 

in the construction industry; a "problem driven" approach. 

There is a long list of computer tools that are available to the construction industry in order 

to help improve its efficiency, reduce the errors and have a better control over the schedule, cost 

and resources related to the project. However, these technological tools target only narrow 

aspects of the construction industry among others, as the information related to a project is 

fragmented and fails to incorporate the information through the life cycle of the project. Most of 

the computer tools that are used in the construction industry are used at the operational level to 

improve operational tasks but do not improve the global efficiency of the organization. (Clark 
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1990, Hammer and Champy 1993, Onsrud and Pinto 1993, Campbell 1997, Caron and Roche 

1997) 

Fischer (1989) defined the integration of information as the reconciliation of a variety of 

information elements representing disciplinary and building components through time.  

Aouad et al. (1994) stated that integration concept should be based on five main strategies: 

• Project team, including both inter-functional and intra- functional disciplines  

• Project evolution processes, including every phase of project development  

• Project activities, including every professional activity such as cost estimating, scheduling 

and project control  

• Project data, including both textual, graphic and multimedia data  

• Project tools, including all construction computing applications  

This chapter explores the various publications from academic and major engineering and 

construction journals. The literature highlights the various methods IT is used in order to assist 

the management and the design team to better monitor the construction activities, measure and 

monitor performance, exchange and manage information, and report progress. A summary of the 

various approaches is presented in the following sections of the chapter and is organized under 

nine different categories:  

• Standardization of Information Exchange 

• 3D and the Virtual Reality (VR) in the building and construction industry 

• Computer Aided approaches in data exchange and project management 

• Object Oriented approaches  

• Lifecycle approaches  

• Database use in project information exchange and management 
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• Web based approach to the sharing and exchanging of information 

• Geographical information systems (GIS) for collaboration efforts and knowledge sharing 

• GIS for Space Analysis 

Standardization of Information Exchange 

The IAI / IFC 

The Industry Foundation Classes (IFCs) by the Industry Alliance for Interoperability (IAI), 

represent through data elements, the different parts of the buildings or elements of the process. 

The IFCs serve as a common denominator used by the different computer applications to share 

information among the project participants. The IAI is an alliance of organizations within the 

construction and facilities management industries dedicated to improving processes within the 

industry through defining the use and sharing of information among the Architects, Engineers, 

contractors, owners, manufacturer, software vendors, information providers, government 

agencies, universities, etc.. 

The most current release of the IFC classes (Version 2 .X )enable to share information 

among the Architectural, Estimating, Facility management, Core extensions, Building services 

and Codes as shown in the Figure 1, The IAI's scope is the entire lifecycle of building projects 

including strategic planning, design and engineering, construction, and building operation.  

The ISO STEP 

The International Organization of Internationalization (ISO) is an organization that 

develops international standards to specify generic resources and methods for representing 

libraries of standardized product descriptions that will facilitate product information, description 

and exchange. In order to deal with increasing complexity and different software, computer tools 
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Figure 3-1.   IFC release 2.X 

and management data, a new set of Standards has been developed within ISO, for Exchange of 

Product Model Data (ISO STEP). STEP is a collection of standards called Application Protocols. 

The STEP project, referred to as ISO 10303, is an international standard for the computer-

interpretable representation and exchange of product data. The objective of these standards is to 

provide a neutral mechanism to describe the product data through the life cycle of the product 

independent of any particular system (1S010 1994a). The completeness of this mechanism 

makes it suitable for neutral file exchange, as well as a basis for implementing and sharing 

databases and archiving. 

Research projects using STEP or STEP-related technologies that are of relevance to 

construction include CONDOR (Construction project Documentation production and 

management), EIEM (Engineering Information Management Executive).ELSEWISE {European 

Large Scale Engineering Wide Integration Support Effort), ToCEe (Towards a Concurrent 

Engineering Environment), VEGA (Virtual Enterprise using Groupware tools and structured 

Architecture), etc. Overall, ISO STEP provides the methodology for construction information 
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integration but does not target the computerized integrated information system for practical use 

in building construction project management. 

The TOPS 

The Total-Project Systems (TOPS) is a comprehensive and flexible approach to integrate 

computer-based tools through data transfer interfaces to support construction management 

(Froese et al. 1997). The vision of integration is that all the project systems are stored in a 

common database of information related to the project. This system relies on a standardized 

common data for exchanging information among the different components and for interacting 

with other computer applications. Such a model requires structuring the construction data to a 

high-level semantic model in order to generate various application modules that form an 

integrating computer-application that interprets the data.  

TOPS approaches information integration through structuring the data into high levels in 

order to create communication layers and exchange the data among heterogeneous applications 

in a common database but does not build the integrated system as a standalone program. 

3D Mixed and Virtual Reality 

Framework for Mixed Reality Applications in Civil Engineering 

Hammad et al. (2006) highlighted the introduction of 3D virtual models and mixed reality 

interaction methods through the lifecycle data to allow on site superintendents and inspectors to 

use mobile and wearable computers to interact with geo referenced special models of the 

structures. The proposed virtual model offers potential to increase efficiency and increase safety 

by allowing easy retrieval of necessary information in real time based on the location, orientation 

and specific tasks, as well as updating information related to the tasks in the field with minimum 

efforts spent on interaction with the system. 



 

45 

A Framework for Delivery of Integrated Building Information Modeling 

Pollalis and Panushev (2006) investigated a building information model (BIM) that offer a 

framework and a process map for creating integrated building information models (BIM) 

implementation based on generic project needs and present a modeling process map. This study 

illustrates the workflow process for integrated modeling that interconnects 3D, cost and schedule 

information. The model offers a practical solution which illustrates how building owners, 

construction companies, and building modeling firms can implement the technology and work in 

teams to create integrated models. This approach, still under development, combines three 

distinctive types of information: 3D, cost and scheduling. 

Virtual Reality in Construction 

Wokseppa and Tullbergb (2005) studied projects involving VR in construction in the UK, 

by gathering information from the Internet, papers, articles, books and personal contacts. They 

found a lack of connections between the research developed in the universities and industry. In 

the UK, a number of large construction projects have been conducted with the aid of a virtual 

prototype, as a result the benefits provided by VR were reported as well as valuable input for 

further research. The authors concluded that the construction industry had not yet fully accepted 

VR as a tool to be used in construction. Accordingly the sophisticated IT systems remained in 

academic settings, and many construction organizations are still failing to implement and use IT 

to their strategic advantage (Whyte and Bouchlaghem, 2001).  

The study found that the construction companies are reluctant to implement the VR 

solutions, since it is difficult to estimate the cost reductions that could be generated by using 

such technologies in a construction project. For the construction companies, VR remained an 

item of expenditure and not an investment. A British independent research association identified 

twelve different challenges faced by the construction industry, of which one is to improve the 
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information flow between people involved in a construction project. VR is considered to play an 

important role in meeting this challenge (Smidfelt and Magnius, 1998). 

From CAD to Virtual Reality: Modeling Approaches, Data Exchange and Interactive 3D 
Building Design Tools 

Virtual Reality has the potential to improve visualization of building design and 

construction, but its implementation in the industry has yet to reach maturity. Present day 

translation of building data to virtual reality is often unidirectional and unsatisfactory (Whyte et 

al. 2005). Their study identified and described three different approaches to the creation of 

models, which considered both the potential of advances in computer-aided design and the 

emerging standards for data exchange to facilitate an integrated use of virtual reality. The 

commonalities and differences between CAD and virtual reality (VR) packages in the residential 

building sector of the construction industry were analyzed. 

Computer Aided Approaches in Data Exchange and Project Management 

Computer Aided Project Management (CAPM) 

Thomas Froese (1992) researched the introduction of the computer technology into the 

project modeling and systems integration for the advancements of the construction industry, 

through object oriented technologies as the basics for his approach. The construction industry 

characterized by time honored techniques, large scale machines and outdoor physical activity, 

keeps little room for the acceptance of computer technology. The CAPM model is developed 

along three elements: 

• A data model that represents a formal methodology of information 

• A domain model, a schema to represent the concepts used in construction management 

• A project model, or a database that stores the actual project information 



 

47 

The EXPRESS/EXPRESS-G 

The EXPRESS/EXPRESS-G is one of the standard data modeling languages used in the 

STEP/PDES. EXPRESS-G presents graphical representation of an EXPRESS based information 

model. “EXPRESS” supports most of the object oriented paradigms such as attribution, 

association, generalization, aggregation, abstraction, classification, and constraints (Mason 1992) 

(Reed 1994). 

Linking CRM and CAD with IFC-CRM GATE 

Ercoskun et al. (1995) studied Customer Relationship Management tools and techniques as 

a facilitator for interoperability in construction information technology (IT) between AEC and 

facility management (FM). The model established a mechanism that links between the current 

interoperability solutions in construction IT and available CRM solutions. The model served as 

another approach for incorporating various heterogeneous software packages. The study argued 

that the integration was not enough, as there was an increasing demand for loosely coupled 

integration with the support of standardized models. Customer Relationship Management 

Information and Communication Technologies promise some opportunities to overcome these 

problems and facilitate knowledge capture throughout the lifetime of buildings. The model links 

Facility Management processes, as the point of customer interaction, and the design processes 

where the quality is defined for an AEC product. This link consists of an IFC compliant Virtual 

Building Information Model (VBIM) and its connection to Issue Tracking Systems and relevant 

Knowledge Base in CRM software systems through a VBIM History Server. 

The OSCON-CAD 

Aouad et al. (1998) developed a system that integrates CAD and construction related 

applications to address the problems of design fragmentation and bridge the gap that exists 

between construction and design processes. The system provides a vehicle for storing 



 

48 

architectural and design information in an integrated construction object-oriented database in 

compliance with Industry Foundation Classes (IFC) for creating a common terminology to 

interpret construction design objects and with CORBA (Common Object Request Broker 

Architecture) for distributing the objects information among the construction applications. The 

system is called OSCON-CAD (Open Systems for Construction); it allows saving graphical and 

textual information about the building design components in an object-oriented database, as well 

as accessing the applications through the web using VRML (Virtual Reality Modeling 

Language). 

OSCONCAD adds meaningful information to the CAD drawings by grouping the drawing 

into objects with architectural design information associated to them. The user has access to the 

usual 3D CAD drawing, and the design comments related to the design information. By making 

the association of CAD drawing with the design information, OSCON-CAD offers the potential 

for speeding up the design process.  

The 4D CAD 

The 4D CAD achieves information integration through geometry. 4D CAD links a 3D 

graphic model and a construction schedule. The linking between CAD and schedule graphically 

incorporates facility design with the information traditionally represented in the construction 

schedule. 4D CAD incorporates the temporal and physical aspects of the project (Fisher 2000). 

The benefits of n-dimensional modeling have been demonstrated through experimentation, and 

include: 

• Identification of potential conflicts between building elements and work spaces (Arkinci and 

Fischer, 1998 & 2000) 

• Documentation of changes in job site conditions  
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• Identification of safety hazards created due to proximity of construction activities, trade 

sequencing and production planning (Riley 2000) 

• Visualization of construction plans by crews (Fischer 1998) 

Moving Beyond the Fourth Dimension with an IFC-Based Single Project Database 

4D CAD has been an active research area for many years. Through several cse studies, the 

first generation of 4D tools simulated construction schedules and demonstrated the potential 

benefits. Researchers have envisioned future generation 4D tools to be part of project databases 

in order to take decisions related to different project dimensions. Aouad et al. (1999) described 

the development and implementation of a new 4D planning tool which is a part of a product 

model -based project database, in order to bring 4D simulation and cost estimating together. 

Their  aims was to contribute to what-if analysis in construction projects. (Aouad et al. 2005) 

Object Oriented Approaches 

The OMT 

The object modeling technique (OMT) is an object oriented modeling method developed 

originally for software engineering at the General Electric Research and Development Center. 

OMT models evolve around three axes: the object model, the dynamic model, and the functional 

model. The object model describes the relationship of objects. The dynamic model represents 

interactions of objects in terms of time and changes. The functional model describes the outputs 

of objects and their flow in the system (Rumbaugh et al. 1991).  

The RATAS 

The RATAS project is a prototype product model developed in Finland (Bjork and 

Pentilla, 1989). The structure of the RATAS model breaks down a building from the building 

object level to system, subsystem, part, and detail levels. All of these levels make up a network 

which represents the assembly of a building. Objects at the building level represent the general 
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information for a building such as building type, total size, and total cost. Objects at the system 

level represent general system information such as spatial system, structural system, and heating 

system. The subsystem level represents components of the system level as, for example, floors 

and fire areas are the subsystems of a spatial system. Similarly, objects at the part level are 

components of the subsystem level, and objects at the detail level are components of the part 

level. At the lower levels such as part and detail, a “connected-to” relationship is used to 

represent the relationship among parts and details. 

Although objects in the RATAS model are based on only attributes and relationships, the 

implementations of the RATAS model were performed with various applications such as 

relational database, hypermedia, and CAD system to show the possibility of structuring 

building data as a common data model for supporting multiple views. 

Lifecycle Approaches 

Framework of a Virtual Laboratory for Construction Project Management 

The need for information varies throughout the life cycle of the project. Boucher and 

Miresco (2006) developed a model that offers a framework that serves various groups along the 

lifecycle of the project. A start up process explores all the possibilities for the best scenario of the 

project, helps define the scope of works for the different parties involved in the construction 

phase. A planning process offers a time management schema that allows the general contractor 

to set a timetable for the baseline project schedule. An execution process updates and tracks the 

construction flow and progress through the construction phase of the project. A closing process, 

as the last step before the project is completed, allows the general contractor to produce the final 

reports for the completion of the project. The model offers construction management teams the 

flexibility of scope management, cost management, bidding management, time management, 

procurement management, project management and project closing. 
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Information Management as a Basis for Computer Aided Lifecycle Management in Civil 
and Building Engineering 

In this model Kochendorfer and Riediger (2006) offered an illustration of a process-

oriented approach to link activities, project members, and information throughout the life cycle 

of a construction project. This approach allows for mapping different levels of detail and 

transferring information to facility management systems. Throughout the lifecycle of the project, 

the model can be detailed or summarized. The analyses of the information provide risk 

management and event-oriented asset management with relevant information. Using information 

technology to manage information during the lifecycle of the project, the proposed model 

provides information in time and in the necessary quality, as well as allowing for the capture of 

information in the construction process.  

Mapping rules and interdependencies between disciplines throughout the different phases 

in the lifecycle of a building, reduces the complexity of the management of a construction 

project. The proposed approach covers planning and controlling tasks as well as the leadership of 

teams of specialists. The Computer Aided Lifecycle Management (CALM) approach organizes 

the information required in such a way that it only needs to be captured once, and so that it can 

be processed during the lifecycle of a building in a consistent way. The design of CALM 

integrates checklists for each team member to support information capturing. These checklists 

are generated from a database where characteristics of the project and the building are 

considered. 

Concurrent Construction and Life Cycle Project Management 

Jaafari (1997) investigated Concurrent Construction and its potential application in life 

cycle management of capital projects. As the construction industry is under pressure to reduce 

delivery time and cost despite increases in uncertainties, umbiguities and complexities that 
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surround today's projects, the authors believe that concurrent constructions hold the key to 

success on integrating all project phases into a single phase. etc... the paper covers examples of 

approaches that could overcome these barriers. 

Cognizance of Visual Design Management of Life Cycle Project Management 

Jaafari  and Chaaya (2001) introduced a visual design management system that has been 

developed to reflect the fundamentals of information and design management within the life-

cycle project management paradigm. They present a unique approach to information 

management within a life-cycle project management model, where the focus is shifted from the 

delivery of the physical facility to the creation of a business to service the project objectives 

employing concurrent engineering/construction approaches. The typical lifecycle objectives 

incorporated are life-cycle cost and net worth, or cost/worth ratio. The definition and broad 

design of the facility and its components are deemed a collective responsibility, discharged by 

composite teams whose members are drawn from the respective participants. Their inputs are 

evaluated in real time against the above objectives. The traditional responsibility for detailing 

and conformity to the relevant codes and standards will still reside with the relevant design 

professionals.  

A Simulation Model for Life Cycle Project Management 

Jaafari and Doloi (2005) put forward a simulation model designed for holistic evaluation of 

project functionality within a life cycle project management framework. The authors described a 

methodology for development of the aforementioned tool referred to as a dynamic simulation 

modeling system (DSMS). The DSMS is geared toward modeling of service and manufacturing 

processes with hierarchical and modular modeling methodology. The aim of this development is 

to apply the simulation technique in order to evaluate the overall project functionalities from the 

dynamic business perspective. A set of business objective functions (i.e., life cycle objective 
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function [LCOF]) has been employed as a basis for decision making throughout the project’s 

life. Object-oriented programming language with the object-oriented database technology 

facilitates the necessary model capability. A brief case study was used to demonstrate and 

discuss the model capability. 

Synthesis of a Model for Life-Cycle Project Management 

Jaafari and Manivong (2005) developed a model focused on life-cycle project management 

model designed to facilitate employment of life-cycle objective based project management 

approaches to support concurrent engineering and construction. The model is intended to 

integrate processes under which projects are proposed and implemented. Through a case study of 

a large capital project, the study illustrate the needs and requirements of the industry for a model 

to incorporate the basic shift from the traditional objectives of cost, time, and quality to life-cycle 

objective functions, such as return on investment, facility operability, and life-cycle integration. 

The authors described the fundamental philosophy and framework for the development of life-

cycle project management in general and contrasts this with the traditional project management 

models. 

Database in Data Exchange and Information Sharing 

Entity-Relationship Model 

The entity-relationship (E-R) model, one of the most popular methods for relational 

database schema development, relates entities and their relationships. An entity is defined by a 

unique object with a set of attributes. The relationship associates various entities based on linked 

attributes. A relationship can be represented by: one-to-one, one-to-many, and many-to-many 

(Korth and Silberschatz 1991). 
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The NIAM 

NIAM (Nijssen's Information Analysis Method) consists of an entity relationship method, 

it provides ONF (Optimal Normal Form) to normalize the data model into a relational database 

schema (Abudayyeh and Rasdorf 1991). 

Data Warehousing 

A data warehouse is a database that collects and stores data from multiple remote and 

heterogeneous information sources. The queries can be answered locally without accessing the 

original information sources. This feature makes it a great tool for management reporting, 

queries analysis, decision support systems, and executive information systems. 

The database allows for the flexibility to manipulate the data and create a new subject-

oriented data that end users can access directly using powerful graphical query and reporting 

tools.  

The data warehousing consists of a collection of decision support technologies, in order to enable 

the user make better and faster decisions. The primary purpose of these efforts is to provide easy 

access to specially prepared data that can be used with decision support applications, such as 

management reporting, queries, decision support systems, and executive information systems. 

(Ahmad and Azhar 2002) 

Application of Data Warehouse and Decision Support Systems in Construction 
Management 

The applications of data warehousing integrated with a DSS in construction management 

practice are seen to have considerable potential. This system was an attempt to provide 

construction managers with information and insight into the existing data, as well as to be able to 

make decision more efficiently without interrupting the daily work of an On-Line Transaction 

Processing (OLTP) system. Chau (2002) investigated the data warehousing’ technology as a new 
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database discipline and created a multidimensional data cube that integrates the data warehouse 

with a DSS allowing access the right data in a direct, rapid and meaningful way. This allowed 

construction managers to view data from various perspectives with significantly reduced query 

time, thus making decisions faster and more comprehensive.  

Integration of Virtually Real Construction Model and Design-for-Safety-Process Database 

Hadikusumo and Rowlinson (2002) developed a VR model linked with a database, in order 

to visually identify the safety hazards on a construction jobsite based on the identification of the 

construction components. The aim of the research was to produce a design-for-safety-process 

(DFSP) tool. The components of the DFSP tool are VR construction components and processes, 

virtual reality functions, and DFSP database. The integration of these components enables a user 

to do a walk-through in the virtually real project and to identify safety hazards inherited within 

construction components and processes as well as to select precautions needed to prevent the 

occurrence of accidents. 

Database Systems 

According to Naja (1999) database systems provide various facilities including modelling 

data, queries, semantic integrity control, concurrency control, recovery and authorisation. The 

transition from relational database technology to object technology is characterized by a richer 

data model to meet the requirements of new applications such as computer-aided design CAD 

systems. However, it is believed that object technology still has several shortcomings. One of 

these is that conventionally the object model is not able to deal with data that can be described 

and queried according to different viewpoints. A model is proposed in this study which specifies 

object-oriented multiview databases that can represent data and ensure their integrity according 

to different viewpoints. 
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Web and Database Exchange 

Web Based Constructability Review System 

Kurenas et al. (2006) based on the Paulson’s level of influence (LOI), argued that decisions 

or actions made earlier in the project delivery process impacts greatly the total project costs. The 

study introduces the concept of constructability review to analyze the project from the build-

ability stand point in order to determine prior to the construction phase the project plans and 

specifications to determine the efficiency of the construction activities. The benefits from such 

an approach is to reduce the changes in the construction phase, as well as to reduce the total 

construction costs through value engineering studies of the project systems. 

Developing a Framework to Support Data Exchange from Heterogeneous Source via IFC 
and Web Services 

Issa et al. (2006) proposed a system to translate non-IFC compliant AEC applications into 

IFC and allow data sharing in real time over the internet using web based services with other 

parties involved in the construction process. Due to the complexity and fragmentation of the 

construction industry, specialized firms in mechanical, electrical, structural steel among others 

require a huge amount of coordination. Standards and models developed by the International 

Alliance for Interoperability (IAI) and Industry Foundation Classes (IFC) are developed to 

minimize the adverse effects of the fragmentation; the problem remains as various AEC 

applications remain non-compliant with the IFC and IAI standards and models. 

Building Information Model 

East and Kirby (2006) indicated that the purpose of building information model (BIM) is 

to transfer information throughout the lifecycle of the project, increasing the ability to efficiently 

operate the facility. BIM offers a mechanism to capture and maintain information needed to 

operate the facilities. BIM offers the owner information about parts, repair instruction, systems 
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operations and maintenance that help operate the facility. BIM serves as a centralized equipment 

catalogue to ensure completeness and compliance with the requirements. BIM over the life cycle 

of the project ensures the accuracy of the information over time, allowing the personal in charge 

of the operations and maintenance to interact with the model and reflect updates and changes. 

Latency in Error and Change Management 

Lee and Pena-Mora (2006) studied the latency in managing errors and changes in order to 

understand how latency can disrupt construction. The study analyzed the gap between perceived 

and real performance as well as the increase in the scope of work. The main challenge of the 

study is to grasp the effect of changes and errors on the construction project, as well as the 

timing issue in changes. Changes and errors were studied as a source or catalyst that generates 

consequent effects on the project due to construction activities’ interdependency such as 

imposed, technical, and procedural relationships (Badiru and Pulat, 1995). If the errors and 

changes are not identified immediately, once they appear in a later stage of a project, they can 

cause significant impact on project performance considering interdependency in construction. 

Building Construction Coordination by and Adaptive Representation of the Cooperation 
Context 

Bignon et al. (2006) studied the coordination of actors during the complex building 

construction activities, involving the numerous and heterogeneous actors during relatively short 

periods. They argued that the cooperation between actors is an essential factor for project 

success, with particular emphasis on coordination as a key activity and as such they developed a 

tool to provide the actors with indicators of the activity statement. They believed that the 

different actors involved in the construction activities are limited to the terms of their goals and 

visions of the project, hence the cooperation of the independent actors takes different forms 

related to the types of actor’s organizations. Thus, they proposed “building construction 
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dashboard” to assist decision-making; it allows each actor to obtain a synthetic and adapted 

vision of the collective process. The development of this tool is based on a description of the 

domain by a meta-model describing the cooperative activity. The meta-model allows information 

sharing and context visualization. 

ICON Project Modeling Method 

The ICON (Integration of Information in Construction) method (Cooper et al. 1993) was 

developed to improve the manageability of modeling a domain by using object oriented 

technology. In the ICON method, a domain can be divided into manageable forms, which 

represent different perspectives in the domain. Each perspective is represented by an entity-

relationship model, where each model can be incorporated into a single domain model by using a 

multiple inheritance relationship between different perspective models. This method could be 

very useful in developing a more specific type of project model based on the project models 

mentioned above. Various perspective models can be developed and incorporated to a single 

domain model by using inheritance relationships. 

The Integrated Building Process Model 

The Integrated Building Process Model (IBPM) (Sanvido 1990) is a reference model for a 

facility project process. The main objective of IBPM is to improve the current management 

practice by identifying important functions and information flow over the lifecycle of a facility 

project. IBPM has the "Provide Facility" function at the highest level, and has five sub models: 

"Manage Facility," "Plan Facility," "Design Facility," "Construct Facility," and "Operate 

Facility." These represent phases over the project lifecycle, and are decomposed into more 

detailed levels. IBPM is described in IDEFO, an information process modeling language. IDEFO 

consists of function, control, input, output, and mechanism. Each function requires information 

on input, control, mechanism and output. The input is an entity which is processed by a function, 
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and control is a guideline or constraint for the process. The mechanisms are tools or human 

resources to perform the process, and the output is information or data generated by the process. 

The output can further be used as input, mechanism, or control for other functions. 

The input of the "Construct Facility" process includes site, available materials, and other 

resources. The control of the process includes bid and construction documents, project execution 

plan, contract, and construction plan; and construction team is mechanism; and construction 

knowledge and post-construction documents are both output. Construction knowledge includes 

experience and lessons learned during construction, and post construction information includes 

as-built drawings, operation and maintenance procedures, and so forth. The construction team 

includes general contractors and construction managers (Hetrick and Khayyal 1989). 

Web Based Information Management System for Construction Projects 

Lam and Chan (2005) developed a web-based project information management (WebPIM) 

system for civil engineering applications, with particular emphasis on construction project 

management. In their proposed system, all project information is centralized in a project database 

residing on the project server, instead of being distributed to many different locations. By 

utilizing the latest web technology, the system works as an information platform for all design 

and construction participants throughout the life cycle of the construction project.  

Software to Simulate and Optimize Asset Management in Construction and Manufacturing 

Salim and Timmerman (2005) believed that asset management and resource allocation will 

be key technologies for the successful management of many public and private enterprises. They 

described a number of such currently available tools that simulate the real construction 

environments, and evaluated their ability to solve complex problems, and suitability for use by 

non specialist. 
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Future Trends in Information Technologies for Project Management 

Froese et al. (2005) described in the results of a survey that examined speculations about 

how information technology will be used to support project management in the year 2020. They 

interpreted the responses received from a group of experts in the field of architecture, 

engineering and construction. Various perspectives of information technology and project 

management are considered, such as the project management environment, computing systems, 

application areas, and information integration. Similar questions were asked in surveys 

conducted in 1991 (Froese and Waugh, 1991) and in 1996 (Waugh et al. 1996). The results were 

interpreted separately and in comparison to each other. Based on the results of those surveys, 

hypothetical scenarios of a day in the life of a project manager in the year 2010 and 2015 were 

included in the studies. This study helps us focus on thinking about future directions in 

technology, so that we might better contribute to the developments that will shape the future of 

project management. The findings of the survey suggest that “More big national/global firms, 

more small, local specialized firms, fewer regional mid-sized firms”. Some smaller players will 

be driven out of the business, but other medium to small companies will fragment. These 

changes will be due to demands for higher levels of technical capabilities and the ability of 

technically savvy workers to do well by themselves. 

A CPM Based Construction Quality Inspection and Decision-Aid System 

Leu and Tzeng (2005) adopted the concept of decision support to establish a CPM-based 

construction quality inspection and decision-aid system (CQIDS) to improve ineffective field 

quality inspection processes. The system consisted of two main subsystems: the database 

subsystem and the decision subsystem. The database subsystem contains information about 

quality specification, shop drawings, checklists, and corrective actions that comprises a 

multimedia network. The decision subsystem contains statistical algorithms to facilitate in situ 
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quality data analysis. Moreover, in order to execute quality management in a timely fashion, 

quality management timetables are generated automatically from the CQIDS and sent to help 

quality supervisors by integrating quality management activities within the project's own CPM 

network. 

PPMS: a Web-based construction Project Performance Monitoring System 

Cheung (2004) described the development of aWeb-based construction Project 

Performance Monitoring System (PPMS) that aims to assist project managers in exercising 

construction project control.With the aid of a panel of project management specialists, the 

following project performance measure categories were identified for inclusion in the PPMS: 

People, Cost, Time, Quality, Safety and Health, Environment, Client Satisfaction, and 

Communication. For each of the performance measure categories, performance indicators and 

their measurements are also established. The monitoring process is automated through the use of 

the World Wide Web and database technology. Data collection and dissemination are similarly 

automated. The use of the PPMS can help senior project management, project directors, project 

managers, etc., in monitoring and assessing project performance. 

PHOTO-NET II: a Computer-Based Monitoring System Applied to Project Management 

Abeid et al. (2003) described the development and implementation of an automated real-

time monitoring system for construction projects programmed in a Delphi environment. The 

system links time-lapse digital movies of construction activities, critical path method (CPM) and 

progress control techniques. It accepts digital images taken from multiple cameras, stores them 

in chronological order and links them to a database that contains schedule information. The 

digital pictures taken from up to four cameras are placed on a website from where a remote 

computer(s) can capture and store the pictures in the database. The system enables management 

staff at the contractor’s and owner representatives’ headquarters to follow developments at the 
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construction site in real time. Additionally, time-lapse films of activities at the construction site 

taken by multiple cameras can be played back in synchrony with dynamic graphs showing 

planned versus actual schedules. PHOTO-NET II introduces a new concept in time-lapse 

photography that allows the user to manipulate the frame rate, enabling a reasonable playback 

time as well as the implementation of the technology for long-term construction projects using 

standard PCs. 

A Model of Information Management for Construction Using Information Technology 

Mak (2001) The construction industry is slow in utilising information technology IT to 

manage projects. Application of IT is piecemeal, discrete and non-systematic. Managing 

information for construction projects is crucial in order to make good and full use of IT in the 

construction industry. The study proposes a simplified model to achieve managing information 

for construction by utilising the ubiquitous Internet technologies. The openness of these 

technologies is receiving attention of not only academics and amateurs but also of business 

entities and government organisations. A database-web link is required in order to properly store, 

organise and archive information. Internet technologies can be adapted to a corporate Intranet or 

business Extranet. Experiencing the advantages of Internet technologies is crucial in order to 

avoid negative perceptions. 

Intelligent Representation for Computer-Aided Building Design 

Khemlani et al. (1998) argued that any computational system that can support design 

development, analysis, and evaluation is an ‘intelligent’ building representation which should be 

able to represent all the different components that make up a building, along with the manner in 

which they come together. The aim is to develop building representations for computer-aided 

design primarily at the schematic design phase. Based on the assumptions that buildings are 

unique assemblies of discrete, mostly standardized components, the model is represented into 
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two components: the Object Database ODB which stores detailed information about various 

building elements, and the Project Database PDB which holds information about how these 

elements are assembled to make up a particular building. An ODB may be shared by many 

building projects, while the PDB must necessarily be unique to each. The data schemas of both 

the PDB and the ODB are described in detail as is their computational implementation to the 

extent that it has been completed. 

Model-based Dynamic Resource Management for Construction Projects 

By simulating the model with heuristic and industry data, the author studies the effect of 

resource coverage on project performance. Park (2005) argued that systematically managing the 

tradeoff between the excess resource that can result in cost overruns, and low resource coverage 

or long lead-time in resource acquisition that can delay the project schedule, is critical to ensure 

project delivery in time and within budget. As an effort to address these issues, the author 

proposes a model-based dynamic approach is for construction resource management. The 

dynamics of construction progress and the tradeoff with resource coverage are identified. 

Using Engineering Drawing Interpretation for Automatic Detection of Version Information 
in CADD Engineering Drawing 

Cao et al. (2005) focused in this study on the management of the many different versions 

of the drawing generated before the final product is achieved, in order to assist the Engineer 

identify the changes among the various versions of the drawigs. The multiple engineering 

drawings produced by computer-aided design and drafting (CADD) software are widely 

employed in the construction industry, as well as many other manufacturing sectors. The 

drawing management system needs to maintain the history of different versions of drawings, and 

version control becomes a key function for any drawing management system. A knowledge-

based version information extraction method is introduced. The method analyzes the layout of 
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the drawing frame and extracts the version information with the help of predefined key words. 

Then a comparison method between two versions of drawing is introduced. The comparison 

method highlights the differences between two versions of the drawings, so that engineers can 

locate and find the changes quickly. 

Utilizing Exchanged Documents in Construction Projects for Decision Support Based on 
Data Warehousing Technique 

Zhiliang et al. (2005) studied the large number of documents involved in construction 

projects. These documents are exchanged among multiple parties, including the owner, 

contractors and engineers. Based on the data warehousing technique, this study presents a 

method which can utilize electronically exchanged documents among project participants for 

decision support.  

Managing Design Data in an Integrated CAAD Environment: A Product Model Approach 

Liebich et al. (1997) proposed a prototype architectural design environment which aims to 

integrate various applications for designing a building. Within an object-oriented design 

environment, a core data model and a data management system have been implemented to 

seamlessly connect all applications. The process of design has been investigated with the purpose 

of characterising the role that a system of this kind may have. In defining the system, an 

approach has been used that privileges the relationships with the existing computer-aided design 

(CAD) tools based on data exchange standards in course of definition today. 

VIRCON - Interactive System for Teaching Construction Management 

Jaafari et al. (2001) focused on a system called VIRCON (short for VIRtual 

CONstruction), in which the traditional construction planning is combined with 3D/4D models 

of the project. To facilitate current best practices with 3D/4D models of the project, VIRCON 

has been implemented using object-oriented programming, client/server configuration, database 
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management information, and CAD systems. The innovation in the design of VIRCON is 

associated with an unique scheduling and simulation engine developed to integrate cost planning 

and scheduling and accommodate integrated cross-impact analysis. 

GIS for Collaboration 

Geographic Information Systems (GIS) 

GIS is among the most widely embraced software technologies of the past decade. For 

many people, GIS is "mapping software". A GIS creates maps from data pulled from database. 

Formally, GIS is a powerful database technology for the management of data having a spatial 

character. Digital map products can then be created showing selected information symbolized 

effectively to highlight specific characteristics. In a stricter sense, GIS is a computer system 

capable of assembling, storing, manipulating, and displaying geographically referenced 

information i.e., data is identified according to their locations. One of the main benefits of GIS is 

improved management of information resources. GIS can use information from many different 

sources, in many different formats and can link data sets together by common locational data, 

such as addresses.  

GIS makes it possible to link information that is difficult to associate through any other 

means. Thus, a GIS can use combinations of information to build and analyze integrated 

information. GIS can also convert existing digital information into a form that meets user's 

analysis need. Visualization of information analysis results is an important benefit of GIS as it 

presents facts in a compelling way. The information can be presented concisely in the form of a 

map and accompanying report, allowing clear information understanding. Since better 

information leads to better decisions, GIS is not just an automated decision making system but a 

tool to query, analyze, and map data in support of the decision making process (ESRI 2000). 
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GIS applications are becoming common in diverse areas such as facilities location and 

planning, site selection and preparation, land management, road planning, management and 

design, environmental monitoring and analysis, residential and commercial site surveying, public 

works surveys and engineering, municipal land utility surveys, infrastructure evaluation, soils 

modeling, and etc. The rapid evolution of GIS technology over the past decade has motivated 

major GIS development efforts ranging in scale from very local to global. The rationale behind 

the development of these GIS applications is that accurate and reliable spatial representation of 

data will support better or at least more efficient decision-making. 

For the construction industry, however, the technology of GIS does not have a wide range 

of applications. While reliable databases are certainly an important component of an integrated 

information system, the integration of proven project modeling and information analysis 

methodologies is also essential (Wright. 2000). Unfortunately, the integration of GIS and 

conventional construction project modeling methods has not evolved to the point where 

information analysis is widely conducted using spatially oriented decision-support systems. Until 

we are able to achieve a high level of models-GIS integration, the benefits of GIS will not be 

reaped in full. 

GIS-Functionality for Building Model Integration and Analysis 

Willenbacher et al. (2006) studied the potential of GIS as an approach of integrating spatial 

analyses in building model management system in order to recognize changes. The model 

establishes relations between elements of different partial models. 3D spatial component are used 

to improve cooperation and communication between different agents. The agents as part of the 

intelligent building elements recognize changes on their elements and propagate these to 

potentially affected elements of their environment according to the configured settings informing 

the planner and the related software systems about changes on other elements in other partial 
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models (processes). The objective of this contribution is to offer considerable value in 

minimizing mistakes and inconsistencies during building life cycle. 

The key to the success of information exchange between the processes, their participants 

and the involved software is established by the identification of existing dependencies between 

the processes. In the case of the building model, a building object oriented model which focuses 

on the geometry and topology of the objects, is expected to make an important contribution. This 

study focuses on the conception and realization of 3D GIS components as a basis for the 

identification of relations between elements of different partial models. 

Constructing GIS: Actor Networks of Collaboration 

Harvey (2005) argued that the social coordination of geographic information technologies 

relies on collaboration between actors from the public, private, and education sectors. Diffusion, 

implementation, information sharing, and studies of the use of geographic information systems 

(GISs) examine the collaboration in relation to specific activities. Applying concepts from actor 

network theories, this study examines the socio-technical context. The construction metaphor 

distinguishes social network approaches from actor network approaches. This study provides 

insight into the relationships of GIS socio-technical networks, which are invaluable for 

understanding the alliances, data sharing arrangements, and standards necessary for specific GIS 

tasks or functions. The results of research suggest that collaboration involve the construction and 

maintenance of hybrid networks that connect multiple human and non-human actors into 

strategic alliances. An important finding is that technologies are among the “key players” in the 

GIS community. Standards, an organizational technology, focus strategic alliances and involve 

diverse groups in mutually beneficial projects. These groups are in long-term relationships that 

the introduction of GIS technologies can substantially alter. 
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The Open Black Box: The Role of The End-User In GIS Integration 

Poore (2005) argued that spatial data infrastructures depend on participation at local levels, 

such as counties and watersheds, and that they must be developed to support feedback from local 

users. Thus, GIS theory will be enhanced when it makes room for the users and supports their 

practical work. 

Applying Collaborative Engineering to the Facility Delivery Process Testbed 
Demonstration 

Brucker and Stumpf (2005) from the U.S. Army Corps of Engineers Construction 

Engineering Research Laboratories (USACERL) have been developed a collaborative 

engineering (CE) software environment to enable sharing of design information as it is created 

and refined during the facility design and construction process. Improved information sharing 

capabilities and conflict management during collaborative design enables a team to resolve 

design issues and conflicts earlier in design development, resulting in an improved facility 

design, fewer errors and omissions, and better interdisciplinary coordination of design goals and 

building systems. An integrated information model to bridge the gap between product and 

process information for a construction project not only encourages those involved in construction 

to use and add to design information, is believed to provide richer information representation, 

better efficiency and data consistency, and the flexibility to support life-cycle information 

management. An important part of the CE research program at USACERL is the development of 

an integrated information model that allows agents to communicate/collaborate over the life 

cycle of the project. 

GIS Development and Planning Collaboration Examples from France 

Roche and Humeau (2005) dealt with the characteristics of French territorial organization 

and problems arising from the decentralization of power to municipal level by implementing a 
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partnership of geographic information systems (GIS) projects that can contribute to 

intermunicipal cooperation in regional administration. They found that 

GIS for Coordination of Fast-Track Projects 

Shanmugam et al. (2005) studied the potential use of GIS to meet the increasing demands 

of delivering projects within a short period of time on a fast-track basis, where the construction 

begins when the design is between 35% and 65%complete. One of the key challenges they found 

was in ensuring that the flow of information and deliverables between the engineering, 

procurement, and construction is synchronized. They studied GIS as a potentail solution to 

increase the information flow. As a result of this study, they concluded that GIS has the 

capability to capture the relationships between different deliverables, record the status of 

deliverables, and process queries from any of the teams regarding status and impact of 

disruptions. Thus, it will support the decision making required for rapid development of 

pragmatic plans. Furthermore, GIS allows both spatial and non-spatial data. The design of the 

geographic information system and its implementation within AutoCAD map environment was 

also discussed. 

A GIS–Based Bridge Management System 

Aouad et al. (2005) studied the use of GIS technology for the management and 

maintenance of bridges and road networks. Due to the spatial data handling capabilities, 

geographic information system (GIS) technology has increasingly been considered for 

implementation in many infrastructure planning and management systems, including bridge 

management systems. In this study, the use of a hybrid business and information modeling 

approach to develop a model to support the development of a geographic information system 

(GIS) based bridge management system is discussed. Information systems requirements were 

used to capture organizational processes as well as information systems requirements. This 
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facilitates business decision making and business process change. Using this hybrid modeling 

approach, first the organization’s business objectives, functions, and processes are modeled. 

Object-oriented methods are then employed to define object models and show the relationships 

between objects and the operations performed on them.  

Geo-visualization for Constructing and Sharing Concepts 

MacEachren et al. (2005) proposed the use of geo-visualization tools to give human-

environment scientists visual means to build concepts from data (individually and collectively) 

and to connect these concepts to each other at appropriate levels of abstraction. They believe that 

representations of scientific knowledge must reflect the dynamic nature of knowledge 

construction and the evolving networks of relations between scientific concepts. They focused on 

tools to capture and explore the concepts that underlie collaborative science activities, with 

examples drawn from the domain of human-environment interaction. These tools can help 

individual researchers describe the process of knowledge construction while enabling teams of 

collaborators to synthesize common concepts. The visualization approach links geographic 

visualization techniques with concept mapping tools, and allows the knowledge structures that 

result to be shared through a Web portal that helps scientists work collectively to advance their 

understanding. The integration of geo-visualization and knowledge representation methods 

emphasizes the process through which abstract concepts can be contextualized by the data, 

methods, people, and perspectives that produced them. This contextualization is a critical 

component of a knowledge structure, without which much of the meaning that guides the sharing 

of concepts is lost. 

Integrating Barcode and GIS for Monitoring Construction Progress 

Cheng and Chen (2002) developed an automated schedule monitoring system for precast 

building construction, and erection of prefabricated structural components. In this research, the 
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system ArcSched was developed to assist engineers in controlling and monitoring the erection 

process in a real time basis. ArcSched is composed of a Geographic Information System GIS 

integrated with a database management system. Through systematic monitoring of the 

construction process and representation of the erection progress in graphics and colors, the 

scheduled components for erection are repetitively tracked and well controlled to implement the 

lifting schedule as planned. 

Distributed Object Models for Collaboration in the Construction Industry 

Van Leeuwen and van der Zee (2005) introduced a methodology, which is called Concept 

Modeling, where the author forms a generic basis for the support of collaborative design applied 

to the integration of information from the supply chain in the design process. The distributed 

object model, design information and product information can be integrated while the actual data 

objects remain at their source. The project presented in this paper concerns the implementation in 

the Dutch construction industry of a methodology for sharing product information through a 

distributed object model. Through the distributed object model, design information and product 

information can be integrated while the actual data objects remain at their source. This enables 

the supply chain to provide information of a high semantic level to designers while keeping the 

control over the information and maintaining the relationship of the information with their 

business processes. The advantages of this approach in which information is shared, rather than 

exchanged, are numerous. Redundancy of information is minimized, consistency is improved, 

and updated information is available immediately. Moreover, design and construction processes 

can benefit significantly from the dynamic aspects of accessing information that is tied to 

business processes in the supply chain.  
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Application of Integrated GPS and GIS Technology for Reducing Construction Waste and 
Improving Construction Efficiency 

Kong et al. (2005) presented a study on applying an integrated Global Position System 

(GPS) and Geographacial Information System (GIS) technology to the reduction of construction 

waste. During the study, a prototype study is developed from automatic data capture system such 

as the barcoding system for construction material and equipment (M&E) management onsite, 

whilst the integrated GPS and GIS technology is combined to the M&E system based on the 

Wide Area Network (WAN). 

GIS – Space Analysis 

GIS-Based Cost Estimates Integrating with Material Layout Planning 

Cheng and Yang (2005) focused on developing an automated site layout system for 

construction materials. The system, MaterialPlan, which included a geographic information 

system (GIS) based cost estimating system integrated with material layout planning, is a new 

tool to assist managers in identifying suitable areas to locate construction materials. As 

tabulation of all project quantities is calculated using GIS, linkages are established between the 

graphical features of detailed design and the related estimating quantities. Based on information 

regarding quantities and locations of the materials required in the project, this study identifies the 

suitable site to store the materials. Using the concept of ‘‘searching by elimination,’’ the system 

develops a heuristic approach, modeling the process of human decision making to generate 

potential sites for placing the materials. An objective function called the proximity index is 

developed to determine the optimal site. In conclusion, MaterialPlan demonstrates that GIS is a 

promising tool for solving construction layout problems and thus opens up a new way of 

thinking for the management of spatial information in construction planning and design. 
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Fuzzy Decision Support System for Material Routing on Construction Sites 

Yang (2005) studied the planning and visualization of routes for materials movement on a 

complex construction site. They developed a PC based software tool, named Virtual 

Construction Material Router (VCMR) that produces sequences of materials routing scenarios 

based on site layout, available route, activity schedules, and location of temporary 

accommodation. The core of this system is a GIS-fuzzy based decision-support system, which 

extends the planners experience and assists them make informed decisions to the complexities of 

time-activities compressed site materials management. The goal of the system is to ensure the 

selection and visualization of the most suitable route for materials movement. 

CAD Standards and The Institutions of Higher Education 

Erdener and Gruenwald (2005) focused on the need, development and implementation of 

CAD standards to efficiently communicate planning, design, construction, and management 

information among the internal and external parties involved. These standards are instrumental in 

consolidating information; originating from operational and academic units of a university. They 

constitute the backbone of the Facility Management Information System (FMIS) and eliminate 

necessary conversions and duplication of efforts. This study highlights the theoretical 

underpinnings for standardization and illustrates the strength and weaknesses of various 

standards and implementations in CAD and their uses in the Design Information Management 

component of a university FMIS. Although the study concentrates on design information 

management , the very same standards are useful both in construction and in management 

information activities. 

Developing a Conceptual Framework for Visually-Enabled Geo-Collaboration 

MacEachren and Brewer (2005) in this study argue that to support collaboration with 

geospatial information, specific attention must be given to tools that mediate understanding and 
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support negotiation among participants. In addition, they contend that visual representations have 

a particularly important role to play as mediators of geo-collaborative activities. With these 

contentions as a starting point, they present a framework for the study of visually-enabled 

collaboration with geospatial information and for development, implementation, and assessment 

of geo-information technologies that support that collaboration. 

A CAD-Based Model for Site Planning 

Moselhi (2004) look at a computer-aided design (CAD)-based site layout model designed 

to account for the diverse nature of construction sites. In the proposed model, the site layout 

problem is represented by a flexible object-based model. The model allows the configuration of 

physical objects and their encapsulated attributes to suit the unique demands of each project. 

This feature facilitates the transfer of experts’ knowledge to a set of libraries imbedded in the 

developed model. The study describes the structure of the proposed model and its four 

components: (i) user interface; (ii) database; (iii) project; and (iv) layout control modules. The 

functionality of these four components and their interconnectivity are also discussed. The 

developed model is implemented in a computer system that operates in CAD environment and 

makes use of object-based design concepts. Two numerical examples, drawn from the literature, 

are analyzed and the results are compared with those reported by other earlier studies. The 

examples demonstrate the use of the proposed model and illustrate its essential features. 

Dynamic Knowledge Map for Reusing Experts’ Tacit Knowledge in the AEC Industry 

Clayton et al. (2004) indicated that knowledge in the Architecture, Engineering and 

Construction (AEC) industry is experience-based and tacit. The typical strategy for knowledge 

management is focused on computer-based approaches for capturing and disseminating explicit 

knowledge. AEC firms have been successful at collecting and storing explicit information in 

enterprise databases, but they are poor at knowledge retrieval and exchange. Consequently, AEC 
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professionals find it difficult to reuse core experts’ knowledge for highly knowledge-intensive 

AEC activities. This situation calls for a method for disseminating tacit knowledge from experts’ 

brains to achieve higher quality AEC projects. The primary purpose of this paper is to set a 

theoretical foundation for clarifying the contribution of experts’ tacit knowledge in the AEC 

industry. The secondary purpose is to describe the concept for prototype software, Dynamic 

Knowledge Map, that can assist in the reuse of experts’ tacit knowledge. The Dynamic 

Knowledge Map is a Web-based knowledge navigator that searches for experts and facilitates 

communication with those experts by using internet technology.  

Visualisation in Architecture, Engineering and Construction (AEC) 

Bouchlaghem et al. (2005) indicated that in the AEC industries, computer visualization 

usage can cover the whole lifecycle of a product from presentation of initial concepts to the final 

stages of production and can also extend to maintenance issues. Three-dimensional walkthroughs 

can be created from hand drawn sketches at the very early stages of the design process. Three-

dimensional models can be used by design teams to communicate design intent to client and 

users and to compare and evaluate design options. During more advanced stages of design, 3D 

representations can be used to check the integrity of services coordination, accessibility and 

maintainability. During construction, visualization can facilitate the interpretation of design 

details by site operatives. The concept of visualization is not limited to modeling physical objects 

but can also be extended to the representation of abstract data sets of the type obtained from 

simulation programs used in performance assessment or from Computation Fluid Dynamics 

(CFD) applications. The study reviewed the application of visualization in the process of design 

and construction and then presented findings from three research projects that made use of some 

of these techniques at various stages of the process: for collaborative working during concept 
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design stage, for design development and marketing in the house building sector, and for the 

modeling of design details during the construction stage. 

Summary 

Table 2-1 shows a summary of the literature presented in this chapter allowing the 

comparison of the various computer tools developed to apply the computer technologies to the 

Construction industry. The last two decades have witnessed a growing interest in introducing 

computer tools and computer technologies to the construction industry. At the early stages, the 

focus in the 1980s was on gathering project data and building historical databases and models 

such as TIME, ORPLAN and Construction Planex were developed. 

In the 1990s a growing interest was devoted to integrating CAD with the construction 

project schedule in order to exchange information and communication among the design, and 

construction teams. Databases related to CAD applications and Object Oriented approaches were 

developed, e.g. OPIS by Froese and Paulson (1994) and COMBINE an attempt to integrate 

design system to analyze the performance of a planned building by Augenbroe (1995). Arount 

the turn of this century, 4D CAD approaches were investigated in the application of project 

planning. 

Life cycle approaches started with OSCON and OSCON-CAD by Aouad et al.(1998) and 

used an object oriented database inked to CAD in order to share information among various 

computer applications. These models revolved around the engineering aspect of the construction 

industry and did not target the construction management teams as the heart of the construction 

processes. The proposed VIAM model focuses on the construction processes from the 

perspective of the construction team, as the heart of the construction activities. The VIAM model 

uses a lifecycle approach to integrate information from the various teams involved in the 

construction process throughout the life of the project. It provides the construction team with a  
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Table 2-1.   Comparison of the various computer tools targeting the construction industry 
Target  Objective 

Author Model 
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Approach 

Gray (1986) TIME X X     X           Historical data 
Darwiche et al. 
(1988) 

ORPLAN     X           X   Project Data 

Zozaya and 
Hendrickson 
(1988) 

Constructi
on Planex     X   X X X X     

Design data 

Ito et al. 
(1989) 

CAD Link   X               X Database 

Timberline 
(1990) 

CAD 
Integrator   X X     X X       Take off from CAD 

Cherneff et al. 
(1991) 

Builder     X   X           Create Schedule from CAD 

Sriram and 
Logcher 
(1993) 

DICE 
X               X   

Coordination of Engineering Info 

Morad and 
Baliveau 
(1994) 

Know 
Plan     X               

Simulation 4D CAD 

Ito (1994) PMAPM     X           X X Life Cycle Information sharing & 
Communication 

ISO/IS (1994) STEP X X X               Information exchange and 
terminology 

Bjork (1994) RATAS X X           X X   Computer Aided Building DESIGN 
Kartam (1994) ISICAD X                 X CAD interface to Object oriented 

model 
Froese and 
Paulson (1994) 

SIMSite 
    X               

CAD designed to planning projects 

Froese and 
Paulson (1994) 

OPIS 
    X           X X

Object Oriented database to  
integrate the project information 

Augenbroe 
(1995) 

COMBIN
E X     X             

Integrated design system to analyze 
the performance of a planned 
building 

Pena-Mora et 
al. (1995) 

DRIM X   X           X   Communication of design, used to 
mitigate conflict 

Sriram et al. 
(1993) 

DICE X                   Communicate information related to 
the design 

Storer (1996) ATLAS 
X                   

Integration for large scale 
engineering 

Kim and Ahn 
(1996) 

BOD X   X               Linking design to Construction 
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Table 2-2.   Continued 
Gorti et al. 
(1996) 

DICE X               X   Coordination of Engineering Info 

Alshawi 
(1996) 

SPACE     X         X X X Integration of construction 
information 

Adjei-Kumi 
(1997) 

VR Planner     X           X   Simulation Virtual Reality 

PlantSpace 
(1997) 

PlantSpace 
Systems X   X       X X X   3D visualization and model review 

Primavera 
(1999) 

P3e 
        X   X X X   

Planning and Control of project using 
SQL database 

Intergraph Schedule 
Review X       X X X X   X

Review of project and analysis of 
project 

CIFE CIFE X       X           4D Cad for planning projects 
Aouad et al. 
(1998) 

OSCON X   X         X X   Database to manage the Construction 
processes 

Aouad et al. 
(1998) 

OSCON 
CAD X   X   X X X X X X

Store CAD information in an 
integrated object oriented database 
shared across of a range of computer 
applications 

Sthrathclyde 
University 

DMEM X             X     Integration of product development 
for manufacturing industry 

Sthrathclyde 
University 

VCSR 
    X               

Simulation of construction projects 
using projects simulations 

IAI (2002) IAI/IFC 
X X X         X     

Project information sharing among 
the A/E/C to reduce cost and improve 
quality 

Iteractive 
Visualizer 
(1994) 

Interactive 
Visualizer X X X               

Develop applications in virtual 
environment to visualize the physical 
system 

Jaafari and 
Chayaa 
(2002) 

CVDM 

X X X   X X X X X X

Intended to VISUAL DESIGN 
MANAGEMENT by simulating a 3D 
CAD and linking it to multimedia 
and communication support. It is 
based on C++ and the Work 
Breakdown Structure 

Brodt (2005) IFC- BIM 

    X   X X X X X X

Building Information Model (BIM) 
integrates all the relevant aspects into 
a coherent organization of data that 
authorized computer applications can 
access, modify and/or add to 

Dib (2006) VIAM 
(proposed 
model) 

X X X X X X X X X X

Life Cycle approach using BIM to 
integrate all the relevant aspects of 
the construction project from the 
perspective of the Construction 
Management team. VIAM is a 
comprehensive approach designed to 
help retrieve, update and 
communicate information through 
the different phases of the project and 
the various teams involved in the 
process. 
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tool to access reliable information, as well as to update and keep track of the construction 

progress on site. The VIAM model is an information sharing tool that works at multiple levels. It 

serves the construction management team as a communication tool at multiple levels throughout 

the lifecycle of the project. 

Next Chapter 4 summarizes the findings of the application of the VIAM model and 

illustrates the relationships among the various teams involved at the construction phase, 

describes the information maze in existence at a construction project, and presents the VIAM 

model as a potential solution to the existing daily challenges. Chapter 4 also summarizes the 

roles and expectations of the different team members in the construction company studied.  
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CHAPTER 4 
RESULTS 

The VIAM suggested model targets the construction management (CM) team and focuses 

on the roles and expectations of the CM team. The VIAM model is shaped to assist the CM team 

in their daily tasks. The CM team serves on behalf of the owner as the expert in construction 

processes, and works as a link between the owner and the various parties involved in the 

construction phase. The challenge that faces the VIAM is to provide the CM team in the field 

with the accurate and up-to-date reliable construction information. This information will be used 

in the field to build the different construction elements that constitute the constructed facility. 

Figure 4-1 illustrates the role of the CM team as the link between the designing team, the 

owner’s entity and the operations teams. The operations teams are the subcontractors who are the 

expert labor force who specialize in specific trades. 

 
Figure 4-1.   Role of the Construction Management Team 

 
The CM team is a complex entity; it consists of an executive team, a senior management 

team, an on-site management team and an on-site filed management team. The onsite teams are 

the ones who keep up with the construction activities. They are, second to the designer entity, the 

expert in the requirements and the details of the construction project. The CM team members are 
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the ones who will ensure that the components of the construction facility are executed per the 

requirements of the designer. Figure 4-1 shows a series of relationships R1, R2 and R3 that 

classifies the interaction of the CM team with the various entities. The relationships are 

described as follows: 

The Relation R1 between the CM team and the Owner is in form of: 

• Cost reports. The CM team generates at the end of every billing cycle, and in accordance 

with the schedule of values a detailed billing document that summarizes the construction 

activities that occurred during that billing cycle. The owner pays the CM team in accordance 

to the cost reports. 

• Schedule progress.  The CM team generates at the end of every month a schedule progress 

report, reflecting to the owner the actual progress of the construction activities in reference to 

the expected or scheduled progress. The CM team monitors the schedule to ensure that the 

project is delivered on time. The CM team needs to be able to justify any deviation from the 

agreed or planned progress schedule. 

• Expert advice. The CM team serves the role of the consultant to the owner in the occurrence 

of changes. The CM team is expected to manage the change at the level of cost and schedule 

impact on the construction progress. 

The Relation R2 between the CM team and the designing entity is in the form of: 

• Submittals. These are forms developed by the operations teams. These documents explain in 

details the sequence, materials and the way things are going to be put together in the field in 

order to meet and achieve the design requirements. The CM team reviews these submittals 

and make sure they meet the building code and the design requirements. If these documents 
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fulfill the requirements in the best of knowledge of the CM team, it is then forwarded to the 

designer entity which will approve or modify the submittal to meet the design requirements. 

• Best practices. The CM team on occasions comes up with suggestions to the design team in 

order to modify certain detail requirements set by the contracts documents. The CM team 

relies on previous experience to modify a requirement or take additional actions in order to 

prevent common mistakes or correct certain mistakes that occur in the field. 

• Quality assurance and quality control documents. The CM team keeps track of the 

construction processes, the materials used and the documentations to show that all the design 

requirements were met as agreed in the submittal forms and the contract documents. 

The Relation R3 between the CM team and the Operation teams is in form of: 

• Management and coordination. The CM team enforces the agreed and planned schedule to 

ensure that the operation teams perform on site per plans. The CM team ensures that the 

operations team is doing what they are supposed to, and respect their side of the contract, as 

well as the work of the other trades working along side by side onsite. 

• Design communication. The CM team communicates with the operations team through a 

progress schedule, and the construction submittals. The CM team assist the on site operations 

team in understanding and meeting the design requirements. On some opportunities, the CM 

team might include the designer entity in order to clarify the contract documents. These 

correspondence are called Requests for Information (RFI), in case the clarification require a 

change or a deviation from the contract documents, the change is called Change Order (CO) 

where the CM team is to monitor this CO and document additional cost accrued or additional 

time needed to meet these new expectations. 
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Close observations of the common practices in the construction processes and technologies 

used in performing the daily tasks to produce the end product shows that the project information 

requires different agents to interpret the data in order to complete the project goals. The data 

flows through what can be described as the information maze, where the data percolates through 

the system to reach, occasionally after it is too late, the people in the field who need that 

construction information. Figure 4-2 illustrates the information maze and shows how project 

information making its way through the various agents, to reach the construction teams in the 

field in charge of the construction activities. 

 

Figure 4-2. The Information maze 

The actual practices in the construction industry result in time delays, the information goes 

through different channels, where the different agents have to approve, check and verify the 

information before communicating it down the line. Occasionally information gets delayed as the 

chain grows longer. It is very common that information is lost along the way and occasionally it 

never makes it to the field. Miscommunications occur as the various agents interpret differently 
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the data. The delays can cause schedule overrun and cost overrun, leading to litigation and loss 

of time and resources. 

VIAM model based on the direct observation of the construction practices in the field, and 

validated by the findings of the survey conducted for that purpose, the VIAM suggests a 

Common Shared Database between the different parties involved in the construction project that 

extends throughout the lifecycle of the project. The database allows two way; access and 

management to visual information from the tabular organized data, as well as to access the 

tabular organized information from the visual information. This database is posted on a web 

server where all the various participants have access to the most up to date reliable information. 

This step will eliminate the maze process described above, reduce the communication chain and 

as a result is expected to reduce information loss, delays and miscommunications. The 

cooperation of the various teams involved in the construction process is the key to the success of 

the VIAM model. 

The operations teams acting onsite rely on visual information in form of sketches and CAD 

drawings in order to visualize and locate the various construction components in reference to 

other building components. The construction information pertinent to the construction element is 

extracted from the notes on the drawings as well as the set of codes and specifications. The 

VIAM approach is to use the same methodology used by the operation teams on site, and put it 

in a computerized environment. The paper is replaced by a computer screen and the information 

relative to a specific construction element is related to the graphical representation of the 

element, and can be retrieved by means of point and click.  

The proposed VIAM serves as an integrated construction project information model with 

the intentions to facilitate management of activities throughout the life cycle of a construction 
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project. By the integration of the graphic drawings and textual databases, the VIAM model 

serves as a tool to provide accurate and reliable information fast. The full benefits of the 

suggested model is achieved by accessing the textual information from the drawing, (by point 

and click) as well as being able to view the graphical representation related to textual 

information in the database, creating a two way connection between the graphical and the textual 

information. 

The suggested approach in this model is to integrate graphic objects into databases in order 

to allow the user to store and execute database scripts and queries, as any other database.  The 

drawings and the textual information are tied and interconnected allowing scripts, query files, 

and database references to be processed using a Structured Query Language (SQL). SQL allows 

visual query languages to express complex queries in a visual, less unsophisticated way. This 

approach renders the complicated SQL querying more user friendly and within reach of the 

unsophisticated, with limited or no programming knowledge, construction user.  

In order to prove the concept of the VIAM, a Geographical Information System (GIS) 

platform was used for its capability of linking a database to a CAD drawing. The objective was 

to able to view graphical representations and linking attributes from a database to the graphical 

components. Using the GIS software's visualization tools, records could be accessed from 

existing databases and displayed visually in form of drawings, and make it easy to integrate data 

from all over the organization and work with the data graphically.  

Steps and procedures to follow in order to achieve the integration of the database with the 

drawing using GIS as a tool: 

• Data provided from Architect: CAD Drawing 
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• The CAD drawing needed to be organized such as all construction elements were organized 

in respective layers 

• Creating a Geo-Workspace in GIS, this will consist of the area where the work will be 

performed. The Geo-Workspace will have to be created as a Read-Write, and will be saved in 

the assigned name 

• Defining a Coordinate system for the Geo-Workspace. The coordinate system is used for 

display purposes, the choice of the coordinate system will be used to better serve the 

representation of the data, in Construction it will be projection, and use the coordinates of the 

points based on North coordinates and East Coordinates of the points 

• Create an access Warehouse. The access warehouse is the database that will include all the 

information related to the project 

• Now that the information is organized in CAD, and the Geo-Workspace is created with the 

appropriate coordinate system, the CAD layers can be imported to the GIS workspace and 

digitized. Digitizing the information is to define the different elements so that all the data is 

vector data, and has a coordinate system to define it in relation to its exact coordinate on the 

globe 

• At this level, the user needs to connect the vector information to the data warehouse, the 

database. For example, the layer “Doors” would be connected to the database table titled 

“Doors”, and so forth for all the layers corresponding to the construction elements 

• The information in the database table “Doors” will consist of the attributes to the features in 

the layer “Doors” 

• Additional tables that are created separately in an access database format can be joined with 

the tables in the database warehouse created in GIS. The purpose from this joining procedure 
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is to allow the user to access the information in the additional databases from the queries 

displayed visually in GIS 

• Further during the construction process, when changes occur, features can be added or 

modified using the editing functions within GIS. Similarly to the above described procedures. 

For example additional doors will be added in the layer “Doors” and the information related 

to this door will be automatically added in the database table named “Doors”, allowing the 

user to access the information in the table from the drawing, or the visual information from 

the tables 

The construction elements of the building are organized in a DATA FRAME that will be 

called “Project Example”. Hence, the Executive manager in Construction Company “X” in 

charge of multiple projects will have access to multiple “Data Frames”. To access information 

related to a specific project “Project Example”, he/she will have to access the data frame titled 

“Project Example” to be able to see information pertinent to this project. 

The Data Frame titled “Project Example” will consist of layers, organized in groups of 

layers, which are representations of the different phases of the project or the different buildings. 

Each one of the group layers includes a list of layers corresponding to the different building 

construction elements. Each one of the layers act as a reference to the data contained in data 

sources such as: 

• Vector datasets: these will be the feature layers, and will be CAD files, coverages, shapefiles, 

geodatabase, and databases. 

• Raster datasets: these will be raster layers such as Grids and Images 

The Layer Window, contains all the different features each feature will represent a window 

in the particular phase of the building. Figure 4-3 shows a caption from the VIAM model where 
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the user can retrieve tabular information from point and click on the graphical representation of 

the construction element on the screen: 

 

Figure 4-3.   Visual Information related to Tabular Data 

Once the class of feature “Windows” is selected in the Group layer Phase 1, one will be 

able to see in the drawing map all the widows in this phase. The class of feature “Windows” also 

includes a reference to the database “Windows” that has textual information related to these 

windows; one can switch between the drawing view and the table view or be able to see both at 

the same time. 

Developing, through GIS-based model, give the power to work graphically using 

construction element as the unit of analysis, thus the user can quickly develop custom tools, 

interfaces, and complete applications that makes the proposed model easy to work with in any 

organization. 
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The construction process for walls. To better illustrate the answer, a real problem 

situation is used to give a broader perspective of the project organization to keep track of a 

particular construction element such as the “Walls” as a set of construction elements. 

The information provided in the contract documents related to the walls is as follows: 

• The CAD drawings showing the walls as well as other construction elements on the same 

drawing sheet. Figure 4-4 shows a portion from a typical contract document drawing sheet. 

Representation of a typical layout of the various construction elements as well as annotations 

on the drawing sheet designated to indicate to the user the various detail related to the 

construction elements. On this drawing the types of the walls are represented in small 

diamond shapes that include numbers, these numbers will refer to the type of the wall and 

will determine the characteristics and the guidelines that needs to be followed to provide the 

required item. Figure 4-5 shows a copy of these annotations. For instance, Wall type 2 will 

be an 8 inch CMU that extends to interstitial slab or 8 inches above the highest adjacent 

ceiling. Wall type 10 will be 8 inches CMU to underside of structural slab, or to underside of 

interstitial slab of continuing structure. 

The General specification section in CSI Division 4 will identify the general expectation 

and the general guidelines for the builder as per the expectations of the designer. Division 

4 will provide the guidelines and the specifications that the CM team will have to provide 

such as: 
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Figure 4-4.   Sheet representing walls and other construction elements on one floor of the 
building 

• Preconstruction Testing Service: a qualified independent testing agency needs to perform, on 

site, testing as indicated below. Payment for these services will be made by owner. Retesting 

of materials failing to meet specified requirements shall be done at Contractor's expense 

• Concrete Masonry Unit Test: For each concrete masonry unit indicated, per ASTM C 140 

• Prism Test: For each type of wall construction indicated, per ASTM C 13 14 

• Mortar Test: For mortar properties per ASTM C 270, for each 5000 sq. ft. of wall area 

• Grout Test: For compressive strength per ASTM C 1019, for each 5000 sq. ft. of wall area 
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.  

Figure 4-5.   Different wall types annotations on the drawing sheets 

In order to build a wall in place, the field superintendent has to make sure the following 

steps are followed:  

• Identify the layout of the wall in order to place it as shown per the design drawings  

• Make sure the subcontractor who is going to perform the work on site has provided 

documentation and has met the general conditions, such as the appropriate insurance and has 

fully mobilized on site 

• Make sure that the material is available and has passed all the quality control tests that need 

to be performed as shown in the example above  
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Architect Supplemental Information (ASI) or Change Order (CO) are changes that affect 

the construction processes. The ASI takes effect immediately, and requires the contractor to 

build per the ASI provided. However the Change Order is subject to negotiation and approval by 

the parties. Usually, the construction crew will build per the CO only after it is approved. 

 The VIAM approach consists of the following steps: 

• Digitize the walls into GIS. The layer “Walls” would be connected to a table in the database 

warehouse that will be filled with the attributes related to the different walls in this layer 

• This database in GIS can be connected to any database table outside GIS by joining the 

tables. Instead of having one huge database table it will be formed of independent linked 

tables that each will serve a specific purpose 

The tables as shown in Figure 4-6 are: 

• A “General Company Information” table , dedicated to the information about the 

Subcontractor, which includes the Contractor Name, Type of Company, Division, 

Emergency Contact, Emergency Tel No., Tel No., Fax No., Website, Trade, Federal ID, 

Spec Section, Safety Program Contact, Safety Program Tel, Safety Record and Program 

Comments, Notes. This table is used by the Project Manager. It is however connected to 

another table, “General Team Info” table that will be used by the field personnel   

• A “General Team Info” table for when the field superintendent needs to access the name 

and responsibilities of the different individuals in charge of the coordination tasks, such as 

the safety, field, and office personnel. This table will have information on: Company 

Name, Prefix, Contact Name, Title, Tel No., Fax No., Mobile, Pager, Home Tel, and Email 

Address. The “General Team Info”  and “General Company Information” tables will 

interconnected by the field “Company Name”  
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• A “Work Progress” table that allows the Field Manager to track the work progress. This 

has the following fields: Wall ID, Number of Workers, Date, 8-courses, Inspection, 

Reinforced/Grouted, Date, 16-courses, Inspection, Reinforced/Grouted, Date, Top Up, 

Inspection, Reinforced/Grouted, Date, Finishing, Date, and Caulking 

• A “Responsibilities” table that allocates the different responsibilities based on the wall 

types, Wall ID, Wall Type, and Responsibility. The “Responsibility” and “Work Progress” 

tables are linked by the key field Wall ID 

Using these four different tables that are interconnected together: “Work Progress” 

connected to “Responsibility” by the field “Wall ID” allows for  the linking of the subcontractor 

to the work progress on the walls; then the “General team Info” table will tie the data gathered 

from the combination of the two tables described above, through the field “Title”; then the  

combination of the three different tables is then linked to the “General Company Information” 

through the field “Company Name”. 

The field manager, can record the work progress by updating the work progress on site, 

and the Project manager in the office can have access to the up-to-date jobsite information and 

will be able to generate the costs and the reports that might be needed to billing, as well as 

comparing the actual versus planned work progress. 

The information presented in Figure 4-6 is tabulated as shown in Table 4-1. When it comes 

to accessing the information related to the construction elements, the initial information such as 

the design requirements, the type of walls as well as who is supposed to perform what task and 

when the different tasks needs to be performed can be determined from Table 4-1 as follows: 
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Figure 4-6.   Relation connecting the tables together 

 The field manager will be accessing a table “General Information Access” this table will 

have built in information organized in fields such as: Wall ID, Wall Type, Width, Height, 

Scheduled Early start, Duration, Actual Early Start, Actual Duration, RCO #, ASI #, and RFI #. 

This table will provide the information needed for the construction of the wall and can be 

accessed from the visual representation of the drawing. The field Wall Type in this table is 

linked to the field Wall Type in the table “Wall Types” providing detailed information about the 

specific wall based on its annotation. The “General Information Access” table is also linked to 

the table of work progress by the field “Wall ID”. Hence all the work progress is reflected in this 

table as they are both tied together. 

 As for tracking of changes, there is a table dedicated to Change Orders titled “RCO” (for 

the Request for Change Order), once the CO is accepted, by the construction management team, 

the change will be reflected in the table “General Information Access” under the field RCO #, 
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because both tables are linked through the field “Wall ID”. The same goes for the RFI # (Request 

for Information), i.e., information generated to clarify the scope of work, and the ASI # (for any 

additional information and changes requested by the Architect or Owner to be processed 

immediately). 

Table 4-3.   Wall types  
Wall  Type Wall Thickness Security Reinforcement Note 

A CMU 6 inch 
Minimum/ Non 
Secure     

A1 CMU 6 inch Medium Security     

A2 CMU 6 inch 
Maximum 
Security     

A3 CMU 6 inch 
T.O. CMU = 3'-
4" AFF 

# 5 @ 16" O.C. 
Vert 

Provide Bullnose 
cap units at top of 
partial height walls 
per detail WT-002 

A4 CMU 6 inch 
T.O. CMU = 4'-
0" AFF 

# 5 @ 16" O.C. 
Vert 

Provide Bullnose 
cap units at top of 
partial height walls 
per detail WT-002 

A5 CMU 6 inch 
T.O. CMU = 10'-
0" AFF 

# 5 @ 16" O.C. 
Vert 

Provide Bullnose 
cap units at top of 
partial height walls 
per detail WT-002 

A6 CMU 6 inch 

Minimum/Non 
Secure, T.O. 
CMU = 8" Above 
F. Ceiling     

B CMU 8 inch 
Minimum/Non 
Secure     

B1 CMU 8 inch Medium Security     
 

Figure 4-7 shows the different relationships in MS Access between the tables, tying the 

work progress, changes and the existing information and keeping all the information current and 

up-to-date. The connection of the tables as represented and described above will allow the user to 

query the information from al the tables, generating reports and updating the work progress as 

well as changes and additional information. At all times the table “General Information Access” 

will show the project’s initial information as well as the additional changes so that the user can 
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see the changes in the scope of work and still keep track of the initial settings, providing 

historical project information. 

Figure 4-8 is also a view from MS Access and illustrates the queries as well as the 

interconnected tables that constitute the VIAM database. Figure 4-9 shows how the VIAM 

database keeps track of and updates the information related to the inspections of the walls and 

ties it to the general database of the project. 

 Figure 4-10 shows how VIAM handles a query searching for activities by “Early Start” 

criteria. The user can query the data according to location, content, proximity, and intersection. 

For example, data can be added to maps to find the geographic factors that drive trends and 

distributions or locations at which particular characteristics coincide. By means of Structured 

Query Language (SQL), the user can aggregate data geographically by categorizing it based on 

 

Figure 4-7.   Tables and relationships from MSAccess 
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Figure 4-8.   A sample query to access and retrieve information 

 

Figure 4-9.   Inspection table tied to the project database 
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areas such as the different phases of the project, or based on common characteristics such all 

“Features =  Windows” and “Attributes = “Aluminum”. The user can narrow the search by 

adding to the selection AND “Attributes = Early Start = Today’s date”. Furthermore, the output 

from one analysis can be used as the input to the next analysis which enables the user to create 

advanced geo-processing applications, as shown in Figure 4-10. 

 

 

Figure 4-10.   An illustration of a query in the suggested model 

The VIAM model combines layers of information about a location in a building to give a 

proper understanding of that location. The layers of Information combined depend on the 

purpose of (1) finding the dimension of a wall, (2) the (X,Y) Coordinates, (3) the number of 

CMU blocks, (4) the area of steel reinforcement, (5) the number of stirrups and their spacing, (6) 

the cost, (7) the duration, (8) the starting and finish date, and (9) can link data sets together by 

common locatable data, such as location, which helps different parties share their data. By 
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creating a shared database, one party can benefit from the work of another; data can be collected 

once and used many times. 

The VIAM model with its visualization capabilities makes it easy to create drawings and 

add specific data to them. Using the GIS software's powerful visualization tools, records can be 

accessed from existing databases and displayed visually in form of drawings, and makes it easy 

to integrate data from all over the organization and work with the data graphically. 

The advantages of the proposed model at the construction phase are that it: 

• Solves the existing industry problems relevant to time delays, information loss, 

miscommunication, and litigation 

• Reduces time delays (communication shared directly between the parties through the 

common database) 

• Eliminates loss of information (all information is shared in the database, accessible from a 

network) 

• Detects miscommunication at earlier levels, implying less changes 

• Reduces cost overrun (eliminates costs caused by miscommunication, and changes) 

• Reduces time loss (less effort spent on communication and tracking changes) 

• Reduces chances of litigations (less changes, less time delays, less cost overrun) 

In addition to solving the existing industry problems, the model offers the following 

additional advantages for the construction company in the construction phase: 

• Flexibility to manage Human Resource duties, within the construction company 

• Ability to evaluate the team performances 

• Ability to create reliable historical data for future reference projects 

• Ability to compare company performance to national averages 
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• Ability to compare and rate team performances vs. other teams within the same company 

• Ability to collaborate and share knowledge and lessons learned among different teams within 

the same company 

The Effectiveness of the VIAM Model 

As illustrated in the procedures listed above, team members will use different tables based 

on the information they are reporting or the information they need to have access to. For instance 

the field superintendent will have access to the tables “General Information Access” for Read 

Only and/or View Only purposes, as he will only access this page to retrieve information related 

to the construction elements. The “Wall Types” table is also Read Only and/or View Only to the 

field superintendent, as the information in this table is provided by the Designer. The “Work 

Progress” table is accessible to the field superintendent as read-write, as he/she will need to add 

to this table as the work progresses onsite.  

The construction changes table, “RCO” table will be accessible to the project manager for 

approval purposes, once approved it will be linked to the rest of the Project Database, and will be 

accessible to be viewed by the Field crew on site.  

Due to the linking of the tables, once the field superintendent enters the information 

relative to the work progress that day it is final, as any other formal document. For example, 

when a wall is reported built, or in progress, the situation should not change the following day, 

however, in case the field superintendent, changes the information in the “Work Progress” table 

the following day, it will be reflected on the “General Information Table” as the new information 

will be added to the initial one, showing both versions. This process is not to be confused with 

creating inconsistent data, but a reevaluation of the data and it is not likely to happen, unless 

some mistake was detected in entering the data. In current practice, the field superintendent fills 
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a daily progress report by hand and submits it to the project manager (PM). Once submitted it is 

final and the field superintendent would not be able to replace any document submitted as they 

are considered final and legal documents. 

A change order added to the “RCO” table will be reflected on the “General Information 

Table” through the addition of new information to the table, as this type of change should be 

added to the initial Contract Documents. If for some reason the once approved Change Order is 

cancelled, the status of the Change Order reflected in the “General Information Table” will show 

the initial state, the Change order, and its status as cancelled, as the construction crew needs to 

show and keep track of the initial specifications and requirements as well as the change. For 

example, a wall that has been deleted by means of a Change order, will still remain in the 

database under the section of initial contract documents, but once you run the query to limit your 

view only to the item still remaining after the Change Order, you will be able to graphically 

observe that this wall has been eliminated as it did not satisfy the query. 

The VIAM integration of life cycle approach. This section describes processes used 

by the construction team throughout the lifecycle of the project. Figures 4-11, 4-12 and 4-

13 represent the outside communication between the construction team and the 

subcontractors at the construction and the preconstruction phases as well as the 

maintenance and the repair crew at the post construction phase. 

At the preconstruction phase, the CM team needs to come up with a maximum guaranteed 

price for the owner and subcontractors and suppliers are contacted and provided with related 

drawings and specifications and they are requested to submit a quote. Typically the 

subcontractors and suppliers will provide a quote to the CM and lock the price in for a certain 
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period of time. After that deadline is met the CM will be at risk to renegotiate a new price with 

the material supplier. 

The CM at the end of the preconstruction phase will have a quote from subcontractors and 

suppliers relative to a certain product. Figure 4-11 illustrates the two way communication among 

the CM team and the subcontractors. 

 

Figure 4-11.   Product supply communication, preconstruction phase 

At the construction phase the CM will get a detailed set of drawings and specifications 

from the A/E entity. The project engineer (PE) will send the detailed drawings and specifications 

to the related supplier requesting detailed specifications of their product and setting a specific 

time frame for the supplier to respond. The PE once the information from the subcontractors and 

suppliers is received, checks them for compliance with the A/E specifications. In case of non- 

compliance the PE will contact the supplier once again and highlight the changes and the non-

complying parts and requests from the supplier to provide a complying material or in some cases 

explain why it is not possible to meet these specifications suggested by the A/E entity. 

At the level where the PE is confident and has a clear picture about the product and that it 

meets the specifications, he/she will send the documents to the A/E who will need to approve 

them. In some cases where the supplier suggests changes and modifications the A/E will either 

accept, reject or negotiate with the supplier through the PE. 
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At the point where the A/E accepts the product specified as per the drawings and the 

specifications or as per negotiation, the PE will need to notify the PM who will need to contact 

the subcontractors and suppliers to get the final price. In general the price is agreed on the 

preconstruction phase when the subcontractors and suppliers send a quote to the CM team 

specifying the price and the time frame to honor this price. But in he case of any changes that 

need to be accounted for, they will be negotiated between the PM and the subcontractors and 

suppliers and copied to the field superintendent and the PE, and a delivery date is set. 

The PE will stay in touch with the supplier to make sure the product is delivered on site at 

the specified date set by the superintendent as it is required to the flow of work on the jobsite. 

Figure 4-12 illustrates the different phases the product supply chain process goes through starting 

from the preconstruction phase along the construction and post construction phases. In each 

phase of the process different actors come into play. But the whole process should be coherent in 

order to convey the knowledge and pass it on through the lifecycle of the project. 

Once the product is delivered the billing process starts. This cycle is between the PM supplier 

and the CPA. The supplier will send the bill to the CPA who will forward it to the PM to make 

sure it is the same price agreed upon in the contract. In case the price is right, the PM will 

approve the bill and a check is sent to the supplier within the agreed time frame set in the 

contract. In case the price is not accepted by the PM, a negotiation phase can take place between 

the supplier and the PM and could end in litigation in case one of the two parties is not fulfilling 

their side of the contract. 

Figure 4-13 illustrates the link between the construction phase and the post operations and 

maintenance phase. After the building is completed, the post construction phase takes place. The 

construction team will hand over the building to the maintenance and repair crew. Typically the 
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construction team leaves a copy of the drawings and the specifications and operating manuals for 

the owner to ensure that the maintenance crews have enough information and become familiar 

with the product to be able to perform maintenance tasks properly and without the need to go 

back to the construction team for help and guidance.  

 

Figure 4-12.   Product supply chain communications, construction phase 

The goal for this computer tool is not to change the procedures and the way things are done, 

however it is designed to organize the data in a way to facilitate communication and reduce the 

redundancy in the way things are done. By understanding the roles and relationship 

Figure 4-13.   Product maintenance and repair related communications, post construction phase 
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among the different players and the different roles they need to fulfill the GIS based computer 

tool will facilitate the roles of the different players and help them reduce their errors and time 

wasted by linking all the information needed to the drawing. The PE for example in this case in 

expediting materials and making sure the material is within compliance with the specifications 

and the A/E guidelines will need to go to one source and will be able to have all the most up to 

date information related to the material he/she is expediting. It is more efficient to the PE to find 

the right information in one place instead of gathering bits and pieces from different locations as 

it is the case in actual practices. 

Roles of the Various CM Team Participants 

A survey was conducted to establish a baseline know-how of the construction processes, 

general construction practices and to measure how much time is needed to complete the different 

tasks. A comparison of the actual findings with the VIAM was made to help provide proof that 

this proposed model will help reduce time and cost to do business.  

The knowledge generated by the “HOW TO” questions was used to generate the 

flowcharts and identify the processes as well as the sequence of steps that needed to be achieved 

in order to fulfill the tasks. 

The survey was conducted within one construction company in order to determine the roles 

and duties of the construction team members within this company. The findings about the roles 

and duties of the team members can then be broadened to extend to the construction industry in 

general. The terms of reference vary from one company to the other. The same job title of 

“Project Engineer” given to two different subjects in two separate construction companies have 

different terms of references. However the role of the construction team remains the same. In 

addition, the roles of the same subject vary along the life cycle of the project. At the 

preconstruction phase, the PE is involved in gathering quotes to price the construction activities, 
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while in the construction phase, the main duties are to ensure the submittals are in accordance 

with the design specifications, at the closeout phase of the job, the roles change to assemble 

closeout documents, warranties documentations and operations manual to be transferred to the 

owner 

Table 4-2 shows business and operations parameters for two construction companies. As 

shown in Table 4-3 in company “A” the duties and the expectations from the different team 

members vary, for example the job assignment for a Project Engineer in company “A” is that 

he/she will be responsible for performing a specific list of tasks while in company “B” the 

Project Engineer is expected to perform a variation of these duties in addition to some extra 

duties. Thus the purpose of conducting the survey in the settings of one construction company is 

to ensure consistency and to be able to reduce variations in the results.  

Table 4-2.   Business and operations parameters for two construction companies 
Company A 

- Commercial construction 
company 

- Typical construction projects 
average around 5 million 
U.S. Dollars 

- Total yearly volume is 80 
Millions U.S. Dollars 

- Onsite construction team 
consists of: 

Project Manager 
Assistant Project Manager 
1 Project Engineer 
Superintendent 
Secretary 
1 Co-op, (a student intern) 
Company “A” share an 

accountant among other 
jobs within the company  

Company B 
- Commercial construction 

company 
- Typical construction projects 

average around 15 
Millions U.S. Dollars 

- Total yearly volume is 400 
Millions U.S. Dollars 

- Onsite construction team 
consists of: 

Project Manager 
Assistant Project Manager 
2 Project Engineers 
Superintendent 
Assistant Superintendent 
Secretary 
Up to 2 Co-ops (Student Interns) 
Job Accountant  
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Table 4-3.   List of the duties and expectations from the same job title among the two companies 
Company “A”: Company “B”: 

 Handles and checks working and 
shop drawings on site 

 Expedite materials and maintain 
material expediting logs 

 Documents, records, and distributes 
all revisions to working drawings 

 Review coordination drawings 

 Keep as-built drawings current  Facilitate Project Administration 
 Keep record of back charges  Maintain jobsite files 
 Helps Superintendent maintain 

schedule 
 Assist with preparation of project status 

reports 
 Enforces quality control guidelines  Administer RFI process 
 Keep minutes of meetings  Create document logs 
 Record material brought and stored 

on site 
 Expedite subcontractor and Vendor 

Pricing 
 Handles and revises shop drawings   Prepare O&M manuals and warranties 
 Estimates and records all change 

orders 
 Develop a submittal log 

 Coordinates and oversees 
completion of preliminary and final 
punch lists 

 Conduct subcontractor preconstruction 
meetings 

 Complete daily subcontractor 
reports 

 Prepare meeting minutes and agendas 

 Enforces Safety guidelines  Process progress photos 
 Keep record on work in progress  Generate Correspondence 
 Track submittals and maintain shop 

drawings 
Post Document revisions 

 Prepare closeout log 
 

The Project Engineer Roles in the Surveyed Company 

Summary job description. Assists the Project Manager and senior Engineers with 

planning and daily execution of construction projects. Responsible for tracking all submittals and 

material deliveries, maintaining schedules and budgets, and coordinating the material and 

equipment deliveries. Manage, direct and coordinate subcontractors. 

Purpose. Provide comprehensive support to Project Managers and Superintendents as they 

focus on building current and new business. 
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Essential functions. The essential functions are: 

• Help project management proactively manage the project budget by controlling expenditures, 

coordinating owner and subcontractor billings, identifying work not covered by 

subcontractor, and ensuring successful office support related to overall cost and schedule 

• Help project management review Safety and Quality Control programs.  Coordinate 

necessary actions with Superintendent regarding special field problems 

• Coordinate all procedures, correspondence, etc. with the Office Manager in accordance with 

the Operations Manual 

• Review and process all submittal data and shop drawings 

• Ensure all submittals, deliveries, etc. that affect the project schedule are expedited and 

delivery schedules are coordinated with the Superintendent 

• Prepare weekly and monthly status reports and monitor/review weekly subcontractor meeting 

minutes, change orders, etc 

• Distribute change documents to subcontractors and prepare change proposal requests for 

price review 

• May go with Project Manager to meetings with architect and owner representatives.  Provide 

information required by owner and prepare necessary progress reports and summaries 

• Ensure action plans from owner/architect meetings address all outstanding issues related to 

the project schedule and assist Project Manager in preparing meeting minutes 

• Ensure all changes, clarifications, directives, RFIs, etc. are updated on “as-built” plans and 

coordinated with company supervision and subcontractors/suppliers 

• Responsible for assisting with close-out documents 

• Maintain and follow-up tickler board system issues, RFI logs, and change request log 
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Work conditions. Most work occurs on construction sites in an office trailer or an existing 

structure.  Due to daily condition changes on construction projects, when employees are outside 

of the office trailer or structure they must wear appropriate personal protective equipment as 

required by the company's safety policies and as required for weather conditions. 

The Project Manager Roles in the Surveyed Company 

Summary job description. Serves as the primary company representative responsible for 

managing all administrative and technical requirements for construction projects. Supervises all 

activities related to contract administration, change orders, submittals, procurement, project 

financials set-up and updates, and schedule to ensure projects are completed in a quality, 

profitable, safe and timely manner. 

Purpose. Maintain constant focus on meeting/exceeding customer needs and expectations 

by managing all aspects of assigned projects. Build new business by working with 

current/future customers in a proactive, consultative nature to promote all construction 

services the company offers. 

Essential functions. The essential functions are: 

• Determine resources needed – people, tools, equipment, materials and internal services – for 

each project.  Decide how and when those needs will be met and by whom 

• Collaborate with Pre-Construction Services to prepare, review, and monitor information and 

reports related to all costs involved in assigned projects 

• Collaborate with the Scheduling Director to create a construction schedule and an 

organization and responsibilities matrix at the start of each project, prior to subcontracts 

being issued.  Review with all project participants (employees, subcontractors, customers, 
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suppliers, government regulators, utilities, etc.) to ensure work is completed on time and 

within budget 

• Create and manage project budgets 

• Manage the subcontracting process including initial scope review meetings, finalizing agreed 

price, develop subcontract scope of work, and manage the subcontract distribution and final 

execution process 

• Develop site specific special provisions subcontract exhibit 

• Comply with owner contract requirements (such as bonds, fees, notifications, schedules, 

reporting, costs). Establish plans to comply with and report on MBE requirements of the 

project contract 

• Confirm all required paperwork from subcontractors and suppliers is completed at 

appropriately designated times before and during the project 

• Set up subcontractor pre-work meeting, keep minutes and follow up 

• Assist the Senior Project Manager in preparing and maintaining the Senior Project Manager 

checklist; review it with project staff each quarter and assign responsibilities and follow-up 

plans 

• Build effective relationships with customers, design team, user groups, and subcontractors 

that reflect and support company core values and meet/exceed the customer’s expectations 

• Establish relationships and communication tools as needed with suppliers and other key 

people to verify all materials, supplies, tools, equipment, and personnel are obtained and/or 

delivered when necessary 
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• Confirm all mandatory periodic planning, progress, and close out meetings are attended by 

project staff and other key people on project concerns, problems, and unexpected situations 

that may arise with subcontractors, suppliers, customer changes, etc 

• Ensure project site and company assets are secure, and maintain a safe and respectful 

working environment at all times by implementing safety, EEO, risk management, training, 

and quality control programs 

• Communicate with all suppliers and subcontractors to be certain they understand 

performance standards related to predetermined schedules or plans and specifications.  If 

performance problems occur, coordinate with the Sr. Project Manager, Operations Director 

and Vice President regarding the appropriate actions to take with the subcontractor 

• If not based at the project site, visit project sites to compare progress to schedule, compare 

actual versus estimated cost, check compliance with plans and specifications, review any 

problems, and verify the quality of work being performed meets contract specifications and 

the company guidelines. Assist in developing the site logistics and utilization plans 

• Evaluate and direct responsibility for training and developing your team 

• Manage the project closeout process to settle all financial obligations, demobilize all 

resources, and transition the project to the customer 

Working conditions. The majority of work is completed on job sites in an office trailer or 

in an existing structure.  Due to daily condition changes on construction projects, when 

employees are outside of the office trailer or structure they must wear appropriate personal 

protective equipment as required by the company's safety policies and as required for weather 

conditions. 
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The Field Superintendent Roles in the Surveyed Company 

Job description summary. Responsible for all field activities associated with the project 

and supervision of all field construction work by subcontractors and employees.  Collaborate 

with the Project Manager to ensure the project is built on time, within budget, and in accordance 

with the company’s policies and procedures and the concepts of Service, Talent and Choices.   

Manage and mentor Assistant Superintendents and other field personnel. 

Essential functions. The essential functions are: 

• Participate in preconstruction planning when possible regarding the project schedule and 

budget.  Review project estimates and cost control system at the beginning of the project 

• Communicate with subcontractors and employees (in conjunction with the Project Manager) 

a consistent level of expectations and direction regarding schedules, construction methods, 

company policies and procedures, permits, safety, quality control and other performance 

standards 

• Assist the Project Manager in reviewing and updating progress and cost reports, schedules, 

and requirements for completion on a regular basis 

• Explore and advise project team on appropriate changes in methods, materials schedules, and 

procedures.  Ensure all materials are properly tested according to specifications, and ensure 

all test results are properly recorded  

• Manage project equipment issues by reviewing project equipment needs with the Project 

Manager and Equipment Supervisor; implementing the preventative maintenance program; 

and managing rental equipment 

• Support community, client and subcontractor relations and events to enhance the company’s 

image and build relationships 
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• Understand thoroughly project specifications, the contract and its general conditions, and 

confirm all materials and subcontract work comply with contract documents and quality 

specifications 

• Participate in making scopes for subcontracts and Prebid/Postbid meetings 

• Ensure project site and company assets are secure, and maintain a safe and respectful 

working environment at all times by implementing safety, EEO, risk management, training, 

and quality control programs 

• Manage and document employee and subcontractor problems or nonperformance (in 

collaboration with the Project Manager) through mentoring/training, disciplinary action, 

termination, back charges, or other appropriate actions  

• Review and approve all bills for materials and subcontractor requisitions.  Confirm extra 

charges from subcontractors/suppliers are reasonable and work is correctly executed, and 

coordinate with Project Manager for approval on extra charges   

• Facilitate weekly project progress and safety meetings with all subcontractor representatives 

and coordinate the upcoming week’s work to be accomplished.  Attend all progress meetings 

with the owner/architect representatives 

• Make presentations as needed to keep owners/architects informed of progress and to pro-

actively seek new business opportunities through relationships 

• Ensure the project closeout process is finalized to settle all financial obligations, demobilize 

all resources, and transition the project to the client 

• Build and stretch people by providing challenging assignments, achievable/motivational 

development plans, and ongoing actionable/candid feedback that help employees achieve 

career goals 



 

114 

• Negotiate skillfully in tough situations with internal and external parties by winning 

concessions without damaging relationships and being direct and diplomatic 

• All other duties and responsibilities as assigned 

 
Working conditions. The majority of work is completed on job sites in an office trailer or 

in an existing structure.  Due to daily condition changes on construction projects, when 

employees are outside of the office trailer or structure they must wear appropriate personal 

protective equipment as required by the company's safety policies and as required for weather 

conditions. 

The Field Assistant Superintendent Roles in the Surveyed Company 

Job description summary. Assist the Superintendent by managing designated field 

activities associated with the project and supervision of designated field construction work by 

subcontractors and employees.  Assist the project team to ensure the project is built on time, 

within budget, and in accordance with the company’s policies & procedures and the concepts of 

Service, Talent and Choices. 

Essential functions. The essential functions are: 

• Direct and coordinate subcontractor and the company field personnel in designated areas of 

expertise 

• Assist the Superintendent in communicating with subcontractors and employees a consistent 

level of expectations and direction regarding schedules, construction methods, company 

policies and procedures, permits, safety, quality control and other performance standards 

• Review and update progress and cost reports, schedules, and requirements for completion on 

a regular basis as delegated by the Project Manager/Superintendent 
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• Ensure all materials are properly tested according to specifications, and ensure all test results 

are properly recorded 

• Support community, client and subcontractor relations and events to enhance the company’s 

image and build relationships 

• Coordinate with Superintendent to ensure project site and company assets are secure, and 

maintain a safe and respectful working environment at all times by implementing safety, 

EEO, risk management, training, and quality control programs 

• Attend weekly project progress meetings with all subcontractor representatives and 

understand the upcoming week’s work to be accomplished 

• Attend internal/external training opportunities to continuously learn and develop new skills 

• Assist Superintendent in ensuring the project closeout process is finalized to settle all 

financial obligations, demobilize all resources, and transition the project to the customer 

• All other duties and responsibilities as assigned 

Working conditions. The majority of work is completed on job sites in an office trailer or 

in an existing structure.  Due to daily condition changes on construction projects, when 

employees are outside of the office trailer or structure they must wear appropriate personal 

protective equipment as required by the company's safety policies and as required for weather 

conditions. 

Survey Results 

In order to determine the roles of the various team members as well as the way they 

execute their tasks a survey was conducted within the settings of one Construction Company. 

The construction company is based in the United States of America and operates nationally 

dealing only with commercial projects. The survey was conducted among the field and office 
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construction team members, targeting the teams who are working on projects of sizes ranging 

from U.S. $10 million and up to more than U.S. $ 75 million. On every construction project the 

team consisted of an field office Construction Management team of at least a Project Manager 

and a Project Engineer, and a field Construction Management team formed by a Superintendent 

and a Project Engineer Field. The minimum size of the construction management team on the 

smaller construction projects was four (4) team members.  

The survey consisted of two different questionnaires. One questionnaire was targeted at the 

construction management team in the field and another one was targeted at the construction 

management team office crew. Based on their role as a field or office team member, the 

respondent answered the appropriate questionnaire.  

The Objectives of the CM Office Survey 

The  questionnaire consisted of a series of  71 questions, the questions varied from 

demographic questions that help determine the level of education of the respondent (Question # 

70), the type of degree (construction related or not) (Question # 71), the number of years the 

respondent been in the construction industry (Question # 69). In another series of questions, the 

questionnaire gathered information relative to the construction project (s) the respondent was 

involved in, and the value of the projects he/she was responsible for (Questions # 1, through 4) 

this series of questions help determine the work load of the respondent, as well as the duration of 

the construction project and at what phase the project is. The logic behind this series of questions 

was to validate the assumption that the work load and the expectations from the office 

construction member vary throughout the construction project. The Project Engineer in the office 

at the early stages of the construction project is involved extensively in creating submittal logs, 

and expediting materials, reviewing shop drawings for compliance with specifications and 

requirements from the designer entities, however as the construction activities progress through 
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the life cycle of the project, the tasks of the CM office team member shift towards estimating 

cost changes, documenting and keeping track of changes. Question # 5 inquired whether the 

respondent is involved at the preconstruction level of the project in the estimating of the 

quantities and material take off. The answers were consistently indicating that the company had 

an estimating department that dealt with the estimating and bidding of the job at the 

preconstruction phase. The only estimating performed by the construction team refers to the 

estimation of the change and the deviations from the initial contract documents. A separate 

section of the questionnaire inquires about tasks performed by the various team members and the 

amount of time they spend executing these estimating tasks on a daily basis.  

Questions 6, 22 and 23 inquired about the time the respondent arrives to the jobsite, the 

time he or she leaves the job location, and Question # 23 asked the respondent to estimate the 

amount of time spent daily on the job location. Question # 23 investigated as well the amount of 

time the respondent spends at the location of the jobsite. In the case where the amount of time 

spent on the jobsite was less than the amount calculated from arrival time to departure time, the 

answer revealed whether the respondents leave their jobsite location, or involved in traveling 

activities. 

Questions 7 through 21, of the survey inquired about the various meetings the respondent 

participates in throughout the day, on the various days of the week. The survey investigated the 

frequency of occurrence of such meetings as well as the purpose of such meetings, and the 

timing of these meetings. The questions related to the timing of the meetings tended to reflect the 

character of the various parties involved in the meetings, the meetings with the subcontractor 

entities tend to be early at the beginning of the day, the meeting with the owner and designer 

entity tend to be mid day or late in the morning. However the coordination meeting between the 
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construction management field crew and the office crew tended to vary from early in the 

morning to later in the afternoon as one of the end of the day activity the construction team get 

involved with. 

Questions 24 through 30 investigated the relationship of the respondent with the other 

construction team members as well as the other teams involved in the construction activities 

during the construction phase of the project. 

Questions 31 through 61 investigated the various construction activities the respondent is 

involved in, as well as the time required to execute these tasks, and how do they execute the 

various tasks. The objective from these set of questions is to determine the various daily 

activities and the amount of time spent per activity a day, as well as the tolls used to perform 

such activities. 

The questions 62 through 67 investigated time spent on the phone, or using the fax and 

copy machine. The purpose from these questions is to identify the communication technologies 

and the means and methods used to share information among the various participants. These 

series of questions give an insight on how information is shared and distributed among the 

various teams involved in the construction project. 

Analysis of the Construction Management Team 

As shown in Figures 4-14 through 4-16 a majority of the office crew had less than 10 years 

of experience in the construction industry and the majority of respondents were classified as 

college graduates. As shown in Figures 4-17 through 4-16, 80% of the population of the field 

crew had more than 5 years of experience. Sixty percent (60%) of this population had an AA 

degree or less as their level of education. Only 30% of this population had a degree in 

construction. Figure 4-20 shows a distribution of the respondents based on the size of the 
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construction project that they were involved in. In general, as shown, the field crew tended to 

always be less in size than the office crew.  
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Figure 4-14.   Office crew years of construction experience 
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Figure 4-15.   Office crew level of education 
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Figure 4-16.   Office crew university education in construction 
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Figure 4-17.   Field crew years of construction experience 
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Figure 4-18.   Field crew level of education  
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Figure 4-19.   Field crew university degree in construction 
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Figure 4-20.   Comparison of the Size of the crew on the various projects 

 A closer analysis of the office crew breakdown of their daily tasks is shown in Figures 4-

21 and 4-22. The daily tasks that the Office Engineer typically gets involved with on daily basis 

can be categorized in three main categories, (1) Coordination and Meetings, (2) Tracking 

Changes and Updating Information, (3) Checking Compliance of Shop drawings and submittals 

with the required specifications. The Project Engineer spends around 3 hours a day tracking 

changes and estimating cost of changes, 2.8 hours a day checking the compliance of the shop 

drawings with the required set of specifications. The Project Engineer spends 1.5 hours a day 

generating meeting minutes, in order to document the meetings with the various entities involved 

in the construction project. The purpose of these meeting is to communicate the changes to the 

parties involved with the construction activities, the owner to update the cost changes and the 

schedule modifications. The project engineer spends around 20 minutes a day updating the 

contract documents to reflect the changes and the additional information supplied by the designer 

entity. The project engineer spends on average 1.5 hours a day in meetings with the owner, field 

CM crew and the subcontractors for coordination and keeping track of changes and their cost. 
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 A closer analysis of breakdown of the field crew’s daily tasks is shown in Figures 4-23 

and 4-24. The analysis of the survey responses of the field crews showed that the tasks the field 

construction teams got involved with on a daily basis revolves mostly around being in the field, 

checking on the compliance of the construction activities with the set requirements in the 

specifications and the approved shop drawings, reporting and documenting work progress, 

investigating potential problems initiated by changes.  The field crew members typically spend 

on the average 4.5 hours in the field, tracking changes, coordinating materials on site, and 

checking compliance of the construction activities with the set of contract documents. The field 

crew members spends close to 1.5 hours a day on the phone and another 1.5 hours a day in 

meetings with the subcontractors on site and with the CM office crew to coordinate the 

construction activities communicate an update to the construction schedule assign tasks and 

coordinate new construction activities. The field crew members spends around 3 hours a day 

tracking changes and estimating the cost of changes, and making sure the changes are reflected  

in the construction set of documents. Two (2) hours a day are dedicated to the schedule to 

monitor and update the construction progress of the activities analyze the effect of changes on 

the existing schedule and manage the construction activities based on space availability, resource 

availability and possible starting date. When it comes to working on the computer, the field crew 

members spends close to half an hour a day using it, including checking emails and the weather 

conditions. 

Next Chapter 5 presents a summary of the validation case study used and highlights the 

application and challenges of the VIAM model through examples from real projects that are used 

to validate the theories behind it. This chapter also lists the challenges to the use of information 

technologies on construction projects and it characterizes these challenges in terms  
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CM Officer Daily Tasks

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Coordinating delivery of materials

Meeting with subcontractors

Updating contract docs and drawings

Meeting with owner and A/E

Tracking schedule

Meeting with field team

Field 

Checking materials compliance with specs

Expediting materials

Corresponding via e-mail

Photocopy machine

Fax machine

Working on generating meeting minutes

Phone conversations

Working on the computer

Tracking changes

Checking & tracking of shop drawings

Estimating cost of changes

Average Hours/Day  
Figure 4-21.   Daily tasks breakdown for a project engineer 
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Figure 4-22.   Project engineer’s tasks on a typical day 
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people challenge, technology gap, and the paradigm of relying on the computer technologies in 

the daily line of work.  

CM Field Officer Daily Tasks

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Meeting with owner and A/E

Safety Meetings

Updating shop drawings

Corresponding via e-mail

Fax machine

Photocopy machine

Meeting with subcontractors

Updating contract docs and drawings

Meeting with construction management team

Working on the computer

Phone conversation

Tracking of the schedule

Checking materials compliance with specs

Expedite materials

Estimating cost changes

Coordinate delivery of materials

Tracking changes

Field

Average Hours/Day  

Figure 4-23.   Daily tasks breakdown of a field crew member 
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Tracking Changes & 
Updating Information, 

32.3%

Coordinating & 
Meeting, 30.3%

Checking Submittals, 
37.4%

 
Figure 4-24.   Field crew member’s tasks on a typical day 
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CHAPTER 5 
DISCUSSION OF RESULTS 

 For validation purposes of the VIAM model, a case study was conducted in the settings of a 

construction project. A prototype VIAM model was developed using MS Access as the database 

engine, and the ESRI GIS software as a platform to link the database to the graphical 

representation of the construction components. The purpose of the study was to: 

• Observe first hand the improvement in data access and reporting 

• Measure reduction in time delays and information loss due to miscommunications as 

communication shared directly between the parties through the common database 

• Detect miscommunication at earlier levels, implying less changes 

• Reduce cost overrun (eliminates costs caused by miscommunication, and changes) 

• Reduce time loss (less effort spent on communication and tracking changes) 

In addition to solving existing industry problems, the VIAM model was observed to study 

the additional advantages it can offer at the level of the construction company construction 

phase. The advantages observed were: 

• Flexibility in managing Human Resource duties, within the construction company 

• Ability to evaluate the team performances 

• Ability to create reliable Historical data for future reference projects 

• Ability to compare company performance to national averages 

• Compare and rate team performances vs. other teams within the same company 

• Ability to share knowledge and lessons learned among different teams within the same 

company 
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The Parameters of the Case Study 

The project used to test the model is a fast track project. The project consists of a 2-level 

building with a total area of 180,000 square feet. The building is steel structure, with masonry 

block and brick on the outside shell of the building. The building is designed to sustain a 200 

mph hurricane strength wind and still be fully functional. The building can be self sustainable, 

and is equipped with two large generators with an additional one for emergency back up. The 

building is an office building; the systems in this building however are super sized and designed 

to function in extreme conditions.  

The other main challenge that faced the construction team was to deliver this facility 

operational in an overall duration of seven months from the 100 % complete set of contract 

documents. The set of 20% contract documents was issued ten months prior to the turn key 

deadline. The construction process was expedited; the challenge to the design team was to keep 

up with the construction activities, and vice versa to the construction and operation teams to 

accommodate the design change. The process can be best described as a moving target, where 

both design and construction teams are working side by side to accommodate the owner needs. 

The Challenges for the Construction Team 

The construction management (CM) team on this project had a contract with the owner for 

a guaranteed maximum price, and committed to deliver the facility operational in duration of ten 

months from the issuance of notice of commencement based on the 20% complete contract 

documents. The CM team was striving to work with the available design to erect the structure of 

the building for the systems to go in place. But with the information related to the sizes and 

weights of the mechanical, electrical and technological systems being continuously fed to the 

designers by the manufacturers, the design engineer was constantly revising the design and 

issuing changes to reinforce the structure in order to accommodate the new equipments. The 
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challenge to the construction management team was to balance the speed of the construction 

activities while maintaining flexibility to incorporate change. Going too fast would mean more 

cost involved to take it apart and reorder the correct structural elements, and waiting till the 

design was complete would result in critical time loss, the only thing that could not be replaced. 

Another example would be to supply the brick that needs to go on the outside of the 

building. The architect at some locations in the building initially wanted to have placed store 

front  glass to give the building an aesthetic appeal, but with the problem they faced with getting 

the storefront material to sustain a 200 mph wind, the architect had to change the storefront to 

masonry walls and brick on the outside. Brick manufacturing goes in batches, and in order to get 

the brick to color match with the previous brick, it needs to be from the same mix, hence it is 

very critical to have the brick count accurate to start with. The options available to the CM team 

were to either order additional brick with the risk that it might not be needed, implying more 

unnecessary costs to the owner, or waiting until the design information was complete and the 

final count was ready, and then order the bricks. It was critical to order the brick as early as 

possible because the lead time on the brick was six weeks from the date the order was placed. 

 The key issue was to communicate the correct information accurately and as fast as 

possible between the manufacturer, material suppliers and the design entities. With a system in 

place such as the VIAM model, the information was available to all the parties as soon as it was 

released by the designer. Instead of the typical process in place, where the submittal takes seven 

working days to complete the cycle, the VIAM model allows to cut the process to three working 

days. This means that with the existing practices if a submittal was mailed by the manufacturer 

on Monday noon, it will not be returned with an answer till seven working days later, using a 5-

day work week, the answer will be received by the manufacturer issuing the submittal on the 
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following week on Tuesday by the end of the working day. However, using the VIAM model the 

answer to the submittal issued by the manufacturer on Monday noon will be received by the end 

of the day on Wednesday of the same week. The Air Handling Units (AHU) required 10 weeks 

lead time from the date the order is received by the manufacturer. The impact of receiving the 

order on Friday October the 13th 2006, and Monday October the 16th 2006, even though it is only 

one working day, on the delivery of the AHU on the job site is a one week delay, as the 

manufacturer shuts down during the period of December 23rd 2006 till January 1st 2007.  

Receiving and transmitting submittals from and to the operations crew is not the only 

challenge facing the CM. building things correctly from the first time means saving time to stop 

the construction processes loose valuable time to fix the mistakes and proceed again. The VIAM 

model with the developed tables and databases that can be easily accessible to the construction 

and operation crews is an assurance to all the parties that all are building off the most up-to-date 

set of contract documents. Being able to update the work progress daily and posting it on the 

server of the project allows the A/E entity to have a clear understanding of the work progress. On 

November 17th 2006, the Electrical Engineer has issued a revision to the electrical contract 

documents, as per request of the owner one of the offices have been changed to an IT room, the 

engineer required more boxes to be routed to that room in order to accommodate the new 

function of the room. With the actual rate of flow of information requiring a 7 working days 

cycle to complete, not including the holidays (November 23rd through Sunday November 26th 

2006), by the time the information was conveyed to the operations crews it would have been too 

late to accommodate this change as the concrete on the slab on grade have been poured as 

coordinated and agreed per the CM team and the Operations crews on site in their daily 

meetings.  
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The VIAM model allows the A/E designing entities to be at the same pace with the 

operations and CM crews on site, as they are updated with the detailed look-a-head schedule 

developed and perfected in the daily coordination meetings of the Operation crews on site. 

The VIAM model generates automatically tabular reports updating the work progress and 

the quantities of work performed on site. Figure 5-1 shows an MS Access form that reports the 

work progress on site on a daily basis. The information documented updates the quantities in 

work complete tables, thus allowing the CM team to generate detailed and accurate billing at end 

of the billing period. 

 

Figure 5-2.   Daily work progress report 
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Figure 5-2 shows an illustration of another form that updates the construction elements 

layer and the corresponding database table. At end of every working day, the field CM crew 

reports the information related to the progress of work, inspection, and other requirements 

dictated by the contract documents. Figure 5-3 is a form that extracts information pertinent to the 

construction of the footings. This form provides information related to the dimensions, locations, 

reinforcement, and thickness of the construction elements the footings. 

Some of the information on the forms was left off because it is private and classified 

company information. 

 

 

Figure 5-3.   Footing progress form 
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Figure 5-4.   Information related to the construction of the footings 
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Application of computer technology in the construction industry challenges. Based on 

the experience gained in applying the VIAM model to the settings of the case study and other 

construction project, the author was able to observe first hand the challenges that face the 

advances of the computer technology in the construction industry. These challenges can be 

described in three categories: 

• The nature of people in the construction industry  

• The fact that the computer approaches fail to target the needs of the construction people in 

order to help improve their productivity, and help them do their job more efficiently  

• The cost of the technology is relatively high and it is still not reliable enough to the 

construction crews on site 

The people challenge. The people working in the construction industry can be divided 

into two groups: the Office crew and the Field crew.  

The office crew.  This crew is typically composed of individuals with college degrees 

related to management, engineering or construction. They tend to be familiar with computer 

technologies and tend to use the computer to conduct their correspondence, through emails, and 

to generate documents and individual tables to organize the work and the keep track of their 

duties. They rely on the word processing software mostly to generate letters, fax cover letters and 

reports; they rely on spreadsheets to keep track of cost and pay applications for monthly reports 

and calculations of costs and keeping track of project budgets. The computer is also used to 

generate emails and keep track of phone calls and correspondence. In addition, in some cases 

they may use some scheduling software such as P3 Primavera Project Planner, and also on some 

projects they could be using CAD applications to view and print the drawings generated by the 

designers or they could be using project management software or specific web sites for managing 
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the project. Most companies also rely on some software in order to keep track of costs, changes 

and keep track of correspondence.  

The field crew. The field crew can be described as “resistant to change” and they 

subscribe to the statement “if it is not broken, do not fix it”. They are the Dinosaurs of the 

construction industry. They are not willing to change simply because they have spent most of 

their career doing business without the computer technology and it works for them, so why 

change?  

The field crew members are typically people that started their career in the field working 

on some of the construction trades and they have spent all their life building things, they do not 

have a college degree, if they happen to have a computer, they would use it to generate some 

very basic table, using a spreadsheet or write a letter to a subcontractor for non compliance, but 

this seldom occurs. They see their duty to spend most of their time in the field based on their 

duty, which is to manage the labor and the construction activities. 

All they need is a detailed 2-dimensional drawing and a book of specifications, and they 

will deliver a facility. The preferred way to communicate with these crew members is to print the 

letter and put it in their correspondence box on their desk, usually on their way in or out of the 

office they will check their box and take note of the communications and changes. They 

communicate with the office crew members through coordination staff meetings, at 7:00 am 

daily or twice a week based on the pace of the project. They communicate with the 

subcontractors through daily meetings early in the morning before the subs start their daily 

activities. 

The technology gap. As described above, there are two types of construction crews and 

the source of most construction information is in the field, hence they rely on the field crew to 
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report the ongoing work progress. The failure to deploy the right tool for the field crews to use 

disconnects the chain of technological communication and the automation of the process. The 

failure of the available computer software to respond to the needs and the types of information 

the field crew needs to perform their duties, contributes to widening the gap between the field 

crews and the computer technology. For instance CAD software would be of no use to the field 

crew, as all they need is to visualize in 2-D the building layout, where the components go in 

reference to other components in the building. They do not need to design neither draw 

construction components, a print out of the drawing generated by the designer will do the job. 

Scheduling and planning software, such as the P3 Primavera Project Planner, would be too 

complicated for the field crew, as it will provide a lot of information, but would still not be 

enough to build the construction elements on site, unless it is detailed to the level of the 

construction element. For instance, the field manager can use P3 to communicate with the 

concrete subcontractor, and highlights the need to finish the forming of the columns for the first 

floor by the end of the week, but the field manager needs to provide more information to the 

subcontractor pertinent to the activities required to be completed. Knowing the starting date, 

responsibility, cost, and other parameters provides good general information but it does not 

provide information relevant to the quality control and the types of materials that needs to be 

used, neither a plan of action specifying to the subcontractor where to start in order to maximize 

the usage of space allowing more crews to work together on site and still not affect the 

productivity, quality and the work flow of activities of the different subs. 

The field crew in order to convey all these information will need to have access to more 

than one computer tool. With the current lack of software interoperability and user-friendly tools, 

it is easier and more convenient to use a pencil and paper to represent the plan of action and to 
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assign at a meeting where all subcontractors are present the tasks for the day. The plan of action 

is then developed based on their active involvement in the process. 

The reliability and cost of computer technology. The use of computer technology in the 

construction process is challenging as to the availability of the information, reliability of the 

hardware to provide access to the information whenever it is needed, the availability of the 

computer network to allow access to the server. An additional challenge would be how to store 

the information in a way to reduce the redundancy and the duplication of the information. 

The Internet has become more available and accessible but still it can shut down the 

productivity of the construction activities in case the Internet is not available to connect the field 

crew to the server where all the information is available. Server management is also a challenge 

as the information volume grows exponentially along the construction project progress. Current 

construction companies are facing the challenge of keeping up with the growth of the 

information collected and running out of space to keep and manage the information and its 

availability to the construction teams. The huge volume of information will eventually slow 

down their network server in terms of access, updating, and management of the information. 

Benefits of the VIAM model. The VIAM model allowed the CM team office crew to have 

up-to-date information related to the progress of work activities on a daily basis. It helped 

generate quantities and detailed billing information at the end of the period. The daily work 

progress reports provided a concrete estimating of the productivity on site for the various teams. 

The VIAM model provided weekly look-a-head activities to the operation crews on site, and 

highlighted to them clear expectations of construction activities that needed to be performed with 

detailed forms specifying the design details. The operations crews were then evaluated based on 

meeting these detailed expectations on a daily basis. The VIAM provided the CM team with 
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daily productivity rates for the various teams and trades on site, allowing the CM team to use 

these data for future historical reference. 

Next Chapter 6 presents the summary and conclusions of the study.
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CHAPTER 6 
SUMMARY AND CONCLUSIONS 

Computer and information technologies offer significant potential to improve management 

practices in the construction industry. However, the exchange of information between the phases 

of a facility and between the different participants on a project is typically paper based, even 

though all parties involved in construction rely on computers to do their tasks. This dissertation 

presents a visual database model (VIAM) as a solution to significantly improve use of computer 

and information technologies in communication, project documentation, and knowledge sharing 

among the different participants through the life-cycle of the facility. The model is organized in a 

format that is simple and accessible to the different users, and does not change or complicate the 

construction processes.  

The basis of the model uses the construction element as the least common denominator 

between the different participants throughout the life-cycle of the facility. Multiple pieces of 

information related to the different construction elements are organized in tables and forms 

stored in a database.  The different participants use computer applications to control, document, 

and communicate construction information and knowledge among themselves for the life cycle 

of the construction project.  

For validation purposes of the VIAM model, a case study was conducted in the settings of 

a construction project. A prototype VIAM model was developed using MS Access as the 

database engine, and the ESRI GIS software as a platform to link the database to the graphical 

representation of the construction components. The model was developed around three different 

axes. The first axis is focused on the access and retrieval of construction information related to a 

certain construction element. The second axis is designed to report and provide feedback from 

the field on the work progress, quality assurance, and inspection. The third axis targets the 
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executive management of the construction company in order to evaluate the performance of the 

construction crews, generate cost data and useful historical data for future reference. 

The first axis is in form of tables that focus on the construction information related to a 

certain construction element. This information is relevant to the field people in charge of the 

construction and the quality control activities. This information is organized and accessible to the 

builders in a simplified format, straight to the point in order to reduce errors and 

miscommunications of knowledge originated by the design entities.  

The second axis is designed to report and provide feedback from the field on the work 

progress, quality assurance, and inspection. This information is organized in tables that are 

linked to the tables mentioned in the first axis through the common denominator, the 

construction entity.  

The third axis allows the project management entities to generate cost data based on 

feedback from the field. These data allow the generation of progress reports to keep track of 

actual versus as-planned schedule. Data generated along this axis is used to analyze productivity 

trends, predict behavior, detect delays and better understand the effect of changes on the 

construction processes. Historical data can be generated for reference for future bids and project 

approaches.  

In conclusion, as shown in the case study, the VIAM model will allow for more effective 

project management especially on complicated project. However, its effectiveness will be limited 

by the commitment from upper management to training the field crew members and improving 

their computer skills 

Next Chapter 7 presents the recommendations and vision of the author for the use of 

computer and information technologies in the construction industry, such as the incorporation of 



 

141 

3D models in the VIAM approach, introducing a Space Oriented Scheduling approach, Real time 

application to predict behavior, incorporating the use of mobile technology and RFID 

technologies on the construction project. Finally, the author’s long term vision for the future 

implementation of computer and information technologies in the construction industry is 

presented. 
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CHAPTER 7 
RECOMMENDATIONS 

The long term vision for the construction industry is that will be taking advantage of 

computer technologies. In addition it will be expected to operate in harmony with the 

Architecture and Engineering disciplines over the life cycle of the project.  

Incorporating 3D into VIAM 

The model suggested in this study can be a first step in a direction to the full automation of 

the construction industry. The model approaches the construction industry from the perspective 

of the end user and the know how they have to perform the work on the jobsite, and provide the 

users with an information sharing tool that uses the same approach as they do by using the 2D 

CAD drawing and linking it to a database that holds the information relative to the various 

construction elements. The model can be developed to incorporate a 3D model to visualize the 

construction elements. By moving one step forward to the 3D view, the coordination time spent 

on a job site would be eliminated. The results of the survey show that a couple of hours a week is 

spent on coordination involving designer, subcontractor and construction managers. This activity 

can be eliminated, giving room to other activities. 3D model will also visualize the space 

available of the construction jobsite; the size of openings can be matched with the size of the 

systems that needs to go through these opening solving the problem of tearing down walls in 

order to get equipment in the building.  

A Space Oriented Scheduling Approach 

On the construction jobsite the challenge that is faced by all the various teams, is that of 

improving productivity. The various teams involved on a construction jobsite would like to 

maximize their productivity and needless to say what is optimal for one team may not be optimal 

for the whole project. The various teams on the construction site have at some point during the 
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project conflicting interests. The model can offer a space analysis scheduling approach that can 

allocate the teams based on space availability and optimize the schedule to maximize the 

productivity of the overall project.  

Real Time Application to Predict Behavior 

A real time application to predict the flow of construction activities can be incorporated in 

the model to generate futuristic scenarios. Based on the various assumptions it can reflect the 

progress of work and the interactions of workers on site, the power of this approach can reduce 

the accidents on site as well as allow to be able to spot space conflicts earlier in the scheduling 

phase of the construction project. 

Incorporating Mobile Technology 

Using mobile computers the field construction officer can identify design criteria for the 

construction elements as well as be able to report progress construction activities with the 

convenience of mobile portal that can be carried on the jobsite. The potential advantage of this 

technology can save time and effort as well as money by allowing the CM to monitor quality and 

schedule, as well as generate automatically cost progress and construction progress in real time 

respectively to the designer and owner entities. 

Incorporating RFID Technology 

Ultimately by introducing RFID technology, in addition to a mobile portal in the hands of 

the field construction officer, the wile walking the jobsite with a computer can generate 

information automatically to update information on work progress, and quality control. Once the 

material is available on site, simply scanning the shipment will allow accurate count of the 

material delivered, its location on site as well as time stamping the date received. The office 

manager can then start the paper work to bill for this received material through the integration 

with financial reporting systems. The senior management is updated similarly to the Architect 
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and the other parties involved in the process, by given access to the database. Senior 

management will be able to observe the work progress, spot trends and behaviors of the onsite 

construction team and will be able to measure the performance of the onsite construction crews 

and efficiently manage the human resources by distributing the work load fairly among the terms 

members so that not one is overwhelmed with work at one time. 

Long Term Vision 

The long term vision for the construction industry at the level of the construction team is 

that the construction team is integrated, sharing and coordinating information among each other 

as one entity. At the level of the construction company, the construction team needs to be 

integrated with the senior and higher management teams. The information shared with the 

partners and suppliers involved in the construction processes will allow integration of the 

information sharing and exchanging without the need for manual translation or re-entry. 

The construction industry will deliver projects on time, within budget, defect free, 

efficiently, and without compromising the quality product. Using computer based information 

management the project managers are able to measure efficiently the performance of on site 

construction, allowing them to analyze and update information related to the construction 

processes in order to make correct decision and have effective control over the project, 

throughout the life cycle of the project, helping save cost and time.  

The information related to the life cycle of the project is integrated in structured databases. 

The database includes a graphical model of the element, making it a visual database, which 

includes information related to the construction elements as components of the construction 

project. The construction managers have access to measuring and assessing project performance 

on an ongoing basis.  
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Information related to the construction performance is safely stored and instantly 

accessible and retrievable on demand to authorized user in the specified format, with complete 

assurance of security and integrity of the information. Variance from estimated budgets and 

schedules are recorded and evaluated for future projects and transferred as historical data for 

future references and are shared at the level of the organization as well as the project level. 

At the completion of the construction project, the database will be available to the facility 

operation and maintenance function for use as a facility control model, supporting routine 

operations and maintenance activities as well as planning and execution of facilities upgrades 

and other actions downstream in the lifecycle. The projects historical database can be used in 

future projects to support the rapid generation of procurement packages and supporting schedule 

and financial data when designs are approved, and the automatic dissemination of the design and 

quality assurance packages to project team members and qualified suppliers and vendors. 

The projects historical database will also include the total construction execution plan data, 

complete with specifications, bills of material, time-phased labor/material/equipment staging, 

and resource allocations.  That can be used to support the simulation of every task and step in the 

construction process with an accurate time component, as the gathered knowledge is 

continuously updated and applied by expert systems to support all technical and business 

functions of the construction processes.  
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APPENDIX A 
SUMMARY OF THE SUPERINTENDENT QUESTIONNAIRE 

1. How many projects you are concurrently working on? 

Number of Projects Number of Respondents 

4 1 

3 1 

2 1 

1 72 

 

2. What is the total dollar value of the projects you are currently working on? 

Dollar Value Range Number of Respondents 

[$10 Millions ,$25 Millions] 9 

[$25 Millions ,$50 Millions] 16 

[$50 Millions ,$75 Millions] 42 

≥ $75 Millions 8 

 

3. In your Division, do you have a department that only deals with estimating and bidding 

on jobs (departmental)? 

Answer Number of Respondents 

YES (Departmental) 75 

NO (Non-Departmental) 0 

 

4. On a typical day, what time do you arrive at the jobsite? 

Arrival Time Range Number of Respondents 

Before 5:30 AM 4 

[5:30 AM, 6:30 AM] 37 

[6:30 AM, 7:30 AM] 34 

After 7:30 AM 0 
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5. What is the first activity you get involved with on a typical day?  

Activity List Number of Respondents 

Check Email 8 

Check Correspondence Box 11 

Coordination Meeting 39 

Walk the Job Site 19 

 

6. Do you have a meeting with the construction management team? 

Answer Number of Respondents 

YES 75 

NO 0 

 

7. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 75 

NO 0 

 

8. How often do you have such a meeting? 

   Recurrence of Meeting Number of Respondents 

Daily 38 

Three times / Week 19 

Twice a Week 14 

Once a Week 4 

Other 0 

 

9. Do you have a meeting with the Subcontractor team? 

Answer Number of Respondents 

YES 75 

NO 0 
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10. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 75 

NO 0 

 

11. How often do you have such a meeting? 

   Recurrence of Meeting Number of Respondents 

Daily 29 

Three times / Week 27 

Twice a Week 19 

Once a Week 0 

Other 0 

 

12. What time does this meeting occur? 

Meeting Time Range Number of Respondents 

Before 7:30 AM 18 

Before Lunch 57 

Lunch Meeting 0 

After Lunch Meeting 0 

At End of Working Day 0 

 

13. What is the purpose of such a meeting? (Check all that apply) 

Objective of meeting Number of Respondents 

Coordination 75 

Reporting Progress 70 

Assigning New Tasks 75 

Reporting from previous day 75 

Other 68 
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14. Do you have a meeting with the Owner? 

Answer Number of Respondents 

YES 75 

NO 0 

 

15. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 75 

NO 0 

 

16. How often do you have such a meeting? 

   Recurrence of Meeting Number of Respondents 

Daily 0 

Three times / Week 0 

Twice a Week 0 

Once a Week 71 

Other 4 

 

17. What time does this meeting occur? 

Meeting Time Range Number of Respondents 

Before 7:30 AM 0 

Before Lunch 37 

Lunch Meeting 0 

After Lunch Meeting 38 

At End of Working Day 0 
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18. What is the purpose of such a meeting? (Check all that apply) 

Objective of meeting Number of Respondents 

Coordination 75 

Reporting Progress 70 

Assigning New Tasks 75 

Reporting from previous day 0 

Other 68 

 

19. Do you have a meeting with the Safety team? 

Answer Number of Respondents 

YES 75 

NO 0 

 

20. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 75 

NO 0 

 

21. How often do you have such a meeting? 

   Recurrence of Meeting Number of Respondents 

Daily 0 

Three times / Week 0 

Twice a Week 20 

Once a Week 55 

Other 0 
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22. What time does this meeting occur? 

Meeting Time Range Number of Respondents 

Before 7:30 AM 0 

Before Lunch 57 

Lunch Meeting 0 

After Lunch Meeting 18 

At End of Working Day 0 

 

23. On a typical day, what time do you leave the jobsite?  

Departure Time Range Number of Respondents 

Before 4:00 PM 5 

[4:00 PM, 5:00 PM] 28 

[5:00 PM, 6:00 PM] 34 

After 6:00 PM 8 

 

24. On average how many hours a day do you spend on the jobsite? 

Working Day Length Number of Respondents 

8 hours 0 

[8 hours, 9 hours] 0 

[9 hours, 10 hours] 25 

[10 hours, 11 hours] 32 

More than 11 hours 18 

 

The Different Tasks and Duties 

As a Superintendent do you work closely with: (please select all that apply) 

25. The Project Manager? 

Answer Number of Respondents 

YES 75 

NO 0 
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26. The Project Engineer? 

Answer Number of Respondents 

YES 72 

NO 0 

 

27. The Subcontractors? 

Answer Number of Respondents 

YES 75 

NO 0 

 

28. The Material Suppliers? 

Answer Number of Respondents 

YES 18 

NO 57 

 

29. The A/E entity, (Architect & Engineers)? 

Answer Number of Respondents 

YES 75 

NO 0 

 

30. The Owner entity? 

Answer Number of Respondents 

YES 75 

NO 0 

 

31. The Building Inspector? 

Answer Number of Respondents 

YES 72 

NO 3 
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32. The Vendors? 

Answer Number of Respondents 

YES 72 

NO 3 

 

33. As a Superintendent, are you required to update the drawings on the Contract 

Documents? 

Answer Number of Respondents 

YES 72 

NO 3 

 

34. Do you update the Contract Documents and drawings (the hard copy) with a set of codes 

and colors? 

Answer Number of Respondents 

YES 72 

NO 3 

 

35. How frequent do you update the Contract Documents and drawings? 

Frequency Number of Respondents 

Once a week 36 

Twice a week 21 

Three times a week 15 

Daily 0 

On arrival 0 

 

36. Do you agree with the following statement: “Updating the changes on the CD’s drawings 

is a tedious time consuming activity”.  

Answer Number of Respondents 

YES 5 

NO 70 
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37. What proportion of your day do you spend updating shop drawings? 

Time a day  Number of Respondents 

Two hours 0 

One hour 0 

Half an hour 35 

Other 37 

 

38. As a Superintendent, are you required to keep track of the changes? 

Answer Number of Respondents 

YES 75 

NO 0 

 

39. Do you track changes (check all that apply): 

Methods Number of Respondents 

Computer Log/ Database 47 

Hard copy in Binders 75 

Marking the CD’s 75 

Meetings 75 

Other 75 

 

40. What proportion of your day do you spend tracking changes? 

Time a day  Number of Respondents 

Three hours 50 

Two hours 25 

One hour 0 

Other 0 
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41. As a Superintendent, are you required to estimate the cost of changes? 

Answer Number of Respondents 

YES 56 

NO 19 

 

42. What proportion of your day do you spend estimating cost changes? 

Time a week  Number of Respondents 

Three hours 30 

Two hours 26 

One hour 0 

Other 0 

 

43. Do you use any of the tools listed below? 

Tools Number of Respondents 

Microsoft Excel 18 

Timberline 0 

Other commercial Software 0 

In house developed Software 0 

Paper, Pencil & Drawing 38 

 

44. As a Superintendent, are you required to keep log of the shop drawings? 

Answer Number of Respondents 

YES 0 

NO 75 

 

45. As a Superintendent, are you required to document the work progress? 

Answer Number of Respondents 

YES 75 

NO 0 
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46. How do you document the work progress: 

Methods Number of Respondents 

Computer Log/ Database 22 

Hard copy in Binders 75 

Hand written Notes 75 

Daily Logs 75 

Other 57 

 

47. As a Superintendent, are you required to keep track of the schedule in order to provide 

the resources necessary for the work progress?  

Answer Number of Respondents 

YES 75 

NO 0 

 

48. How do you keep track of the schedule: 

Methods Number of Respondents 

Hard copy of schedule 75 

On a Planning and scheduling 

Software 

22 

Communications with the 

Construction crews 

75 

Other 0 

 

49. What proportion of your day do you keep track of the schedule? 

Time a Day Number of Respondents 

Three hours 10 

Two hours 43 

One hour 17 

Other 5 
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50. As a Superintendent, are you required to check the compliance of the shop drawings with 

the CD’s?  

Answer Number of Respondents 

YES 0 

NO 72 

 

51. As a Superintendent, are you required to coordinate the delivery of materials to the 

jobsite?  

Answer Number of Respondents 

YES 72 

NO 0 

 

52. What proportion of your day do you coordinate materials delivery? 

Time a Day Number of Respondents 

Three hours 45 

Two hours 27 

One hour 0 

Other 42 (it could be weeks) 

 

53. As a Superintendent, are you required to expedite the materials?  

Answer Number of Respondents 

YES 72 

NO 0 

 

54. What proportion of your day do you expedite materials? 

Time a Day Number of Respondents 

Three hours 37 

Two hours 29 

One hour 9 

Other 45 (in meetings) 
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55. As a Superintendent, are you required to check the material for compliance with the 

specifications?  

Answer Number of Respondents 

YES 72 

NO 0 

 

56. What proportion of your day do you check compliance of material with specifications? 

Time a Day Number of Respondents 

Three hours 34 

Two hours 31 

One hour 7 

Other 0 

 

57. As a Superintendent, are you required to generate meeting minutes?  

Answer Number of Respondents 

YES 72 

NO 0 

 

58. What proportion of your day do you work on generating the meeting minutes? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 0 

Other 75 

 

59. Do you use word document to generate the report?  

Answer Number of Respondents 

YES 15 

NO 60 
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60. Do you keep log of the report on a project database?  

Answer Number of Respondents 

YES 0 

NO 75 

 

61. Do you need to communicate the report to different parties?  

Answer Number of Respondents 

YES 75 

NO 0 

 

62. Do you communicate the report by the means of a hard copy to the other parties?  

Answer Number of Respondents 

YES 70 

NO 0 

 

63. What portion of your day do you spend talking on the phone? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 25 

One hour 35 

Other 15 

 

64. What portion of your day do you spend at the photocopy machine? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 0 

Other 75 
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65. What portion of your day do you spend at the fax machine? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 0 

Other 75 

 

66. What portion of your day do you spend on the computer corresponding via email? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 0 

Other 75 

 

67. What portion of your day do you spend working on the computer? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 3 

One hour 17 

Other 55 

 

68. What portion of your day do you spend outside in the field checking on work progress? 

Time a Day Number of Respondents 

More than Three hours 54 

Three hours 15 

Two hour 3 

One hour 0 

Other 3 
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69. On your typical day to work do you wear: 

Working Attire Number of Respondents 

Hard toe shoes, working boots 75 

Khakis or working clothing 70 

Nice shirt and pants to sit for 

meetings 

5 

Keep eye protection goggles in 

the office 

75 

 

70. How many years you have been in this position?  

Number of Years Number of Respondents 

1 to 5 years 15 

5 to 10 years 30 

10 to 20 years 20 

More than 20 years  10 

 

71. What is your level of education?  

Level of Education Number of Respondents 

High School 43 

AA degree 12 

Bachelors Degree 15 

Masters Degree 5 

Other 0 

 

72. Do you have a degree in construction? 

Answer Number of Respondents 

YES 20 

NO 55 

 



 

162 

APPENDIX B 
SUMMARY OF THE PROJECT ENGINEER QUESTIONAIRE 

1. How many projects you are concurrently working on? 

Number of Projects Number of Respondents 

4 0 

3 0 

2 0 

1 125 

 

2. What is the total dollar value of the projects you are currently working on? 

Dollar Value Range Number of Respondents 

[$10 Millions ,$25 Millions] 14 

[$25 Millions ,$50 Millions] 40 

[$50 Millions ,$75 Millions] 54 

≥ $75 Millions 17 

 

3. How long ago did the project you are working on Start? 

Project Started Number of Respondents 

Less than Six Month 19 

Six Month to A Year 53 

1 Year to 2 Years 29 

More than 2 years 24 

 

4. What is the duration of the project? 

Project Duration Number of Respondents 

One year 8 

One to Two years 32 

Two to Three Years 55 

More than Three years 30 
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5. In your firm, do you have a department that only deals with estimating and bidding on 

jobs (departmental)? 

Answer Number of Respondents 

YES (Departmental) 125 

NO (Non Departmental) 0 

 

6. On a typical day, what time do you arrive at the jobsite? 

Arrival Time Range Number of Respondents 

Before 6:30 AM 10 

[6:30 AM, 7:00 AM] 48 

[7:00 AM, 7:30 AM] 57 

After 7:30 AM 10 

 

7. Do you start your day with a meeting with the construction management team?  

Answer Number of Respondents 

YES 53 

NO 72 

 

8. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 53 

NO 0 

 

9. How often do you have a meeting with the construction management team? 

    Recurrence of Meeting Number of Respondents 

Daily 51 

Three times / Week 37 

Twice a Week 18 

Once a Week 15 

Other 4 
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10. What time does this meeting occur? 

Meeting Time Range Number of Respondents 

Before 7:30 AM 41 

Before Lunch 47 

Lunch Meeting 16 

After Lunch Meeting 31 

At End of Working Day 0 

 

11. What is the purpose of such a meeting? 

Objective of meeting Number of Respondents 

Coordination 125 

Reporting Progress 100 

Assigning New Tasks 100 

Reporting from previous day 75 

Other 70 

 

12. Do you have a meeting with the construction management team Field?  

Answer Number of Respondents 

YES 125 

NO 0 

 

13. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 125 

NO 0 

 



 

165 

14. How often do you have a meeting with the construction management team Field? 

    Recurrence of Meeting Number of Respondents 

Daily 51 

Three times / Week 59 

Twice a Week 15 

Once a Week 0 

Other 0 

 

15. What time does this meeting occur? 

Meeting Time Range Number of Respondents 

Before 7:30 AM 79 

Before Lunch 46 

Lunch Meeting 0 

After Lunch Meeting 0 

At End of Working Day 0 

 

16. What is the purpose of such a meeting? 

Objective of meeting Number of Respondents 

Coordination 125 

Reporting Progress 100 

Assigning New Tasks 100 

Reporting from previous day 75 

Other 70 

 

17. Do you have a meeting with the Subcontractor teams?  

Answer Number of Respondents 

YES 125 

NO 0 
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18. Is this a recurrent meeting?  

Answer Number of Respondents 

YES 125 

NO 0 

 

19. How often do you have a meeting with the Subcontractor teams? 

    Recurrence of Meeting Number of Respondents 

Daily 0 

Three times / Week 46 

Twice a Week 50 

Once a Week 25 

Other 4 

 

20. What time does this meeting occur? 

Meeting Time Range Number of Respondents 

Before 7:30 AM 0 

Before Lunch 54 

Lunch Meeting 0 

After Lunch Meeting 71 

At End of Working Day 0 

 

21. What is the purpose of such a meeting? 

Objective of meeting Number of Respondents 

Coordination 125 

Reporting Progress 100 

Assigning New Tasks 100 

Reporting from previous day 75 

Other 70 
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22. On a typical day, what time do you leave the jobsite?  

Departure Time Range Number of Respondents 

Before 5:00 PM 0 

[5:00 PM, 5:30 PM] 55 

[5:30 PM, 6:00 PM] 60 

After 6:00 PM 10 

 

23. On average how many hours a day do you spend on the jobsite? 

Working Day Length Number of Respondents 

8 hours 0 

[8 hours, 9 hours] 0 

[9 hours, 10 hours] 50 

[10 hours, 11 hours] 53 

More than 11 hours 22 

 

The Different Tasks and Duties 

As a PE do you work closely with: (please select all that apply) 

24. The Project Manager?  

Answer Number of Respondents 

YES 125 

NO 0 

 

25. The Superintendent? 

Answer Number of Respondents 

YES 125 

NO 0 
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26. The Subcontractors?  

Answer Number of Respondents 

YES 125 

NO 0 

 

27. The Material Suppliers? 

Answer Number of Respondents 

YES 125 

NO 0 

 

28. The A/E entity, (Architect & Engineers)?   

Answer Number of Respondents 

YES 125 

NO 0 

 

29. The Owner entity, (Architect & Engineers)?   

Answer Number of Respondents 

YES 125 

NO 0 

 

30. Is there any other category not covered under the previously stated categories? 

Answer Number of Respondents 

YES 125 

NO 0 

 

31. As a PE, are you required to update the drawings on the Contract Documents? 

Answer Number of Respondents 

YES 125 

NO 0 
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32. Do you update the Contract Documents and drawings (the hard copy) with a set of codes 

and colors? 

Answer Number of Respondents 

YES 125 

NO 0 

 

33. Do you update the Contract Documents and drawings 

Frequency Number of Respondents 

Once a week 42 

Twice a week 37 

Three times a week 22 

Daily 13 

On arrival 11 

 

34. Do you agree with the following statement: “Updating the changes on the CD’s drawings 

is a tedious time consuming activity”.  

Answer Number of Respondents 

YES 110 

NO 15 

 

35. As a PE, are you required to keep track of the changes? 

Answer Number of Respondents 

YES  125 

NO 0 
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36. Do you track changes: 

Methods Number of Respondents 

Computer Log/ Database 125 

Hard copy in Binders 125 

Marking the CD’s 125 

Meetings 125 

Other 125 

 

37. What proportion of your day do you spend tracking changes? 

Time a day  Number of Respondents 

Three hours 63 

Two hours 39 

One hour 23 

Other 0 

 

38. As a PE, are you required to estimate the cost of changes? 

Answer Number of Respondents 

YES 35 

NO 90 

 

39. What proportion of your day do you spend estimating cost changes? 

Time a week  Number of Respondents 

Three hours 35 

Two hours 0 

One hour 0 

Other 0 
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40. Do you use any of the tools listed below? 

Tools Number of Respondents 

Microsoft Excel 110 

Timberline 0 

Other commercial Software 0 

In-house developed Software 0 

Paper, Pencil & Drawing 15 

 

41. As a PE, are you required to keep log of the shop drawings? 

Answer Number of Respondents 

YES 125 

NO 0 

 

42. How do you track the shop drawings: 

Methods Number of Respondents 

Computer Log/ Database 125 

Hard copy in Binders 125 

Hard Copy Communications 125 

Other 120 

 

43. What proportion of your day do you keep track of shop drawings? 

Time a Day Number of Respondents 

Three hours 100 

Two hours 25 

One hour 0 

Other 0 
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44. As a PE, are you required to document the work progress? 

Answer Number of Respondents 

YES 0 

NO 125 

 

45. As a PE, are you required to keep track of the schedule in order to provide the resources 

necessary for the work progress?  

Answer Number of Respondents 

YES 125 

NO 0 

 

46. How do you keep track of the schedule: 

Methods Number of Respondents 

Hard copy of schedule 75 

On a Planning and scheduling 

Software 

28 

Communications with the 

Construction crews 

22 

Other 0 

 

47. What proportion of your day do you keep track of the schedule? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 0 

Other 125 
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48. As a PE, are you required to check the compliance of the shop drawings with the CD’s?  

Answer Number of Respondents 

YES 125 

NO 0 

 

49. What proportion of your day do you check compliance of shop drawings? 

Time a Day Number of Respondents 

Three hours 58 

Two hours 55 

One hour 10 

Other 2 

 

50. As a PE, are you required to coordinate the delivery of materials to the jobsite?  

Answer Number of Respondents 

YES 25 

NO 100 

 

51. What proportion of your day do you coordinate materials delivery? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 0 

Other 25 

 

52. As a PE, are you required to expedite the materials?  

Answer Number of Respondents 

YES 125 

NO 0 
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53. What proportion of your day do you expedite materials? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 30 

Other 95 

 

54. As a PE, are you required to check the material for compliance with the specifications?  

Answer Number of Respondents 

YES 125 

NO 0 

 

55. What proportion of your day do you check compliance of material with specifications? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 27 

Other 98 

 

56. As a PE, are you required to generate meeting minutes?  

Answer Number of Respondents 

YES 125 

NO 0 

 

57. What proportion of your day do you work on generating the meeting minutes? 

Time a Day Number of Respondents 

Three hours 10 

Two hours 44 

One hour 55 

Other 16 
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58. Do you use word document to generate the report?  

Answer Number of Respondents 

YES 125 

NO 0 

 

59. Do you keep log of the report on a project database?  

Answer Number of Respondents 

YES 0 

NO 125 

 

60. Do you need to communicate the report to different parties?  

Answer Number of Respondents 

YES 125 

NO 0 

 

61. Do you communicate the report by the means of a hard copy to the other parties?  

Answer Number of Respondents 

YES 125 

NO 0 

 

62. What portion of your day do you spend talking on the phone? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 75 

One hour 50 

Other 0 
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63. What portion of your day do you spend at the photocopy machine? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 15 

One hour 72 

Other 38 

 

64. What portion of your day do you spend at the fax machine? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 35 

One hour 35 

Other 55 

 

65. What portion of your day do you spend on the computer corresponding via email? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 75 

Other 50 

 

66. What portion of your day do you spend working on the computer? 

Time a Day Number of Respondents 

Three hours 66 

Two hours 36 

One hour 23 

Other 0 
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67. What portion of your day do you spend outside in the field checking on work progress? 

Time a Day Number of Respondents 

Three hours 0 

Two hours 0 

One hour 25 

Other 100 

 

68. On your typical day to work do you wear: 

Working Attire Number of Respondents 

Hard toe shoes, working boots 70 

Khakis or working clothing 70 

Nice shirt and pants to sit for 

meetings 

55 

Keep eye protection goggles in 

the office 

125 

 

69. How many years you have been in this position?  

Number of Years Number of Respondents 

1 to 5 years 55 

5 to 10 years 40 

10 to 20 years 20 

More than 20 years  10 

 

70. What is your level of education?  

Level of Education Number of Respondents 

High School 0 

AA degree 30 

Bachelors Degree 75 

Masters Degree 15 

Other 5 
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71. Do you have a degree in construction? 

Answer Number of Respondents 

YES 110 

NO 15 
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