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ABSTRACT 

EVALUATION OF BUILDING INFORMATION MODELING (BIM) FOR  

WATER TRANSMISSION PIPELINES 
 

 

Rakesh Gopala Raju Doraiswamy, M.S. 

The University of Texas at Arlington, 2011 

 

Supervising Professor: Mohammad Najafi 

In the construction industry, water transmission pipelines projects typically require two-

dimensional drawings for transferring design data to the field. These drawings are referred as 

construction documents and serve as the source documents for subsequent facility management. 

However, two-dimensional drawings become difficult to interpret when there are too many entities 

involved needing information. In addition, when there are too many drawings for separate components 

such as plans, sections, and details, the chances of errors and omissions are more likely to happen. On 

the other hand, Building Information Modeling (BIM) is a new trend in construction industry and is being 

increasingly used by the Architecture, Engineering, and Construction (AEC) industry. In BIM, 4D models 

that integrate physical 3D elements with time are created. Also, it has been proven that BIM has several 

benefits over an entire lifecycle of a project such as making design decisions and assessing reliability of 

project data and project constructability all of which helps to reduce building life-cycle costs, Requests for 

Information (RFI) and change orders. BIM also improves delivery time and facilitates quality assurance, 

value engineering and conflict analysis, equipment setup, and progress monitoring. 

However, despite BIM’s many benefits, its use in civil infrastructure projects has been very 

limited. Hence, the main intention of this research was to evaluate the applicability of BIM to a water 
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transmission pipelines project that consists of large diameter pipes, and assess the outcome and 

efficiency of such works. 

The basic methodology for this thesis uses a combination of quantitative and qualitative methods, 

whereby a survey was prepared and implemented from which a BIM model for a specific water 

transmission pipeline project was created. The survey gathered information about industry opinion on 

evaluating and implementing BIM for water transmission pipelines. The water transmission pipeline BIM 

model created here can be applied or adapted as a standard model for the entire water pipeline industry. 

Some of the survey respondents indicated that the pipeline industry is lacking behind in implementing 

BIM and would have a lot to gain from the BIM technology. Finally, it was found that creating a BIM model 

had some benefits over the traditional method, such as accurate quantity takeoffs, visualization of existing 

utilities, automation in design standards, and reduction in drawing errors or omissions. 
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CHAPTER 1  

INTRODUCTION 

In the construction Industry, two-dimensional drawings detailing water transmission pipelines 

have been the standard mode of operation for transferring design data to the field. These drawings serve 

as the construction project’s source documents and documentation of intent for subsequent database 

input and facility management. However, two-dimensional drawings become difficult to interpret when 

there are too many entities for gathering information. In addition, when there are too many drawings for 

one component, errors and omissions are more likely to happen and adding their own comments and 

changes as they go. On the other hand, Building Information Modeling (BIM) is a new trend in 

construction and is being increasingly used by the Architecture, Engineering, and Construction (AEC) 

industry. In BIM 4-dimensional models that integrate physical 3-dimensional elements with time are 

created. Also, it has been proven that BIM has several benefits over an entire project lifecycle covering 

such tasks as making design decisions and assessing reliability of project data and project 

constructability. BMI-informed decision making can reduce building life-cycle costs, Request for 

Information (RFI) and change orders as well as improve delivery time and facilitate quality assurance, 

value engineering and conflict analysis, equipment setup, and progress monitoring (Bentley Systems, 

Inc., 2011). 

However, despite BIM’s many benefits, its use in civil engineering infrastructure projects has 

been very limited. Hence, the main intention of this research work is to evaluate the applicability of BIM to 

a civil engineering water transmission pipelines project that consists of large diameter pipes, with a 

detailed assessment of the outcome and efficiency of such work. 

This chapter outlines the problem statement, current AEC standards for construction project 

management, and the need for implementation of new tools and techniques in construction industry. It 
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also provides a brief overview of Building Information Modeling (BIM) and the methodology that will be 

adopted for this thesis. 

1.1 Need Statement 

“The Architecture, Engineering, and Construction (AEC) industry, often acknowledged as a low-

technology and an inefficient industry, is the largest industry in United States and one of the largest in the 

world accounting for one-tenth of the world’s gross domestic product” (Gerber & Kensek, 2010). In 2008, 

gross spending in the U.S. construction industry was estimated to be $1.28 trillion. Sixty percent (60%) or 

$600 billion of this spending was considered waste that in turn negatively impacted the cost, schedule, 

quality, and productivity (success measures) of construction projects (Zuppa et al., 2009). Hence, the 

construction industry is increasingly looking for new trends and techniques to decrease project cost, 

increase productivity and quality, and reduce project delivery time. 

Building Information Modeling (BIM) is a new paradigm in the construction industry and offers the 

potential to achieve these cost effective production objectives (Azhar, 2011). BIM is currently being used 

extensively by the AEC industry for building residential, commercial, highway, and industrial projects. 

However, there are always some aspects of a project that suffer due to unknown variables which are not 

normally dealt with prior to the project’s start. Placement of water transmission pipelines,  rely on a large 

number of unknowns such as subsurface conditions, locating existing utilities, variability of ground and 

soil types, pipe-soil interactions, trench design, type of pipe, etc. Hence, a majority of water transmission 

pipeline work has to do with determining and planning ways to deal with these unknown variables. 

Therefore, evaluating BIM for water transmission pipeline projects is equal to the planning and evaluation 

that goes into above-ground structures which are not as dependent on the unknown. 

1.2 Current AEC Standards for Project Management 

The construction industry in the United States has adapted a fragmented approach when it 

comes to project procurement. Current project delivery processes are primarily dependent on paper-

based mode of communication. Paper-based modes of communication has been a common practice 

among the Architecture, Engineering, and Construction (AEC) industries for so long that incorporation of 

technology to supplement the current delivery process will not only require team members to learn a new 
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skill set, but also require changing an industry mindset. However, the AEC industries have not completely 

ignored the incorporation of technology into the project delivery process; many of the activities associated 

with the delivery process are now performed and delivered faster via the use of software and web-based 

technologies. For example, estimating and scheduling activities can now be performed faster via the use 

of digitizers, digital drawings, and estimating and scheduling software (Villafana, 2011). 

1.3 Challenges in Construction Industry 

Although the use of estimating and scheduling software have helped improve the project delivery 

process, the costs associated due to changes in work orders and rework has been a major concern which 

the construction industry has not been able to cope with effectively. In 2009, the U.S. Bureau of Economic 

Analysis reported that construction accounted for approximately 4% of the 2008 US Gross Domestic 

Product with revenue of $582 billion (Zuppa et al., 2009). Research conducted by the Construction 

Industry Institute (CII) estimates that direct costs caused by rework in the construction industry average 

five percent of the total construction costs of a project (Zuppa et al., 2009). This constitutes approximately 

$29 billion in 2008 alone. 

Therefore the industry is considering enormous technological and institutional transformations 

accompanied by resultant difficulties and challenges. One very important instrument to such change is 

the use of information technology and application of such practices (Gerber & Kensek, 2010). A 

considerable portion of current non-value added (unproductive) activity relates to inoperability or 

inefficient information exchange stemming from the industries’ slow pace at adopting new technologies. 

Methods proposed to solve these challenges require a diversified approach that respects the varying 

influences and interests of the stakeholders and includes the adaptation of new technologies and 

processes such as Building Information Modeling (BIM) (Zuppa et al., 2009). 

1.4 Introduction to Building Information Modeling (BIM) 

BIM is one of the most promising of developments to emerge in the AEC industry over the past 

decade. It is slowly gaining acceptance and its use has increased among many construction companies 

in the United States (Azhar, 2011). BIM is an innovative or extended approach to object-oriented 

Computer Aided Drafting (CAD), which extends the capability of traditional CAD approach by defining and 
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applying intelligent relationships between the elements in the building model. With BIM technology, an 

accurate virtual model of a project is constructed digitally. When completed, the computer-generated 

model includes both geometric and non-geometric data. The geometric data includes information needed 

to support construction, fabrication, and procurement activities. The non-geometric data includes 

information such as object attributes and specifications. 

BIM also facilitates the integration of functions involved in the lifecycle model of a building. It 

helps to identify new construction approaches and changes in the role and relationships within the 

project team. Furthermore, appropriate implementation of BIM facilitates more integrated design and 

construction processes that result in better project quality at lower costs and reduced project durations. 

1.5 Methodology 

The BIM discovery method for this thesis is summarized below, 
 

 Consulted with industry experts to gather information on incorporating BIM for water transmission 

pipelines. 

 Conducted surveys with industry professionals to discover their opinion about BIM and how well it can 

serve for water transmission pipelines project. 

 Created a BIM model for an ongoing pipeline project. 

 Compared the results gathered from this BIM Discovery Method to traditional methods. 

1.6 Objectives 

The main objective of this thesis is to, 

 conduct the most up-to-date literature search and industry survey on the thesis topic, 

 provide the benefits of BIM to different parties involved, and 

 evaluate BIM for a large diameter, water transmission project. 

1.7 Scope 

The scope of this study is limited to one segment of the ongoing/proposed IPL project. This was 

limited due to time constraints in preparing such models. The extent of the details are in accordance with 
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the level of data obtained for producing such models and allowed suitable assumptions are made if 

necessary. 

1.8 Chapter Summary 

Building Information Modeling (BIM) has been evaluated by the AEC Industry for residential and 

commercial projects. It has been proven that BIM has lot of benefits over traditionally used methods. It is 

slowly gaining acceptance in the AEC industry. Furthermore, attempts have been made to incorporate it 

into highway and industrial projects. Although the concept of BIM is new, the benefits it offers has been 

appreciated by the industry. Hence, evaluating BIM for water transmission pipelines would be of utmost 

importance and a valuable tool. 
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CHAPTER 2  

LITERATURE SEARCH 

2.1 Introduction 

Chapter 2 discusses the literature search that was conducted for this thesis and gives an 

overview about the origin and definition of Building Information Modeling (BIM). This chapter provides 

information on BIM processes, applications, and benefits. Finally, the use and importance of BIM for 

infrastructure projects is provided. 

2.2 Overview and Definition of Building Information Modeling (BIM) 

In 1988, the National Science Foundation in a joint venture with Stone and Webster Engineering 

Corporation, developed the first three-dimensional model for a 13-story science building on Columbia 

University’s campus based on two-dimensional drawings, using CATIA on a mainframe computer in 

Boston. However, during this period it was only the beginning of the evolution of personal computers and 

creating a two-dimensional drawing itself required a state-of-the-art desktop computing power. Thus, it 

was concluded that, 

 “…it is not cost effective to construct a three-dimensional model only for the management of 
construction when the design is done in two-dimensions for a commercial building. While there are some 
advantages to having a three-dimensional computer model and associated databases on site during the 
management of construction, most of the building projects are not designed in three-dimensions. Since 
they normally do not involve complicated piping and mechanical systems, buildings are considered to be 
so straight forward as not to require a three-dimensional model for their design. Therefore, since the 
model is of little advantage to the designer, it is thought not to be worth the cost of development” (Aslani 
et al., 2009). 

 
Later, the technological advancement in the field of computer science led to many innovations in 

processors speeds and enhanced graphic capabilities. This helped the acceptance of three-dimensional 

modeling software as a cost-effective tool for construction in the long run. Figure 2.1 illustrates the cost 

incurred by construction companies for implementing BIM (Autodesk, Inc., 2007). 
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Figure 2.1 Cost Incurred by Construction Companies for Implementing BIM  
(Source: Autodesk, Inc., 2007) 

Also, during the same period, Bechtel Corporation developed 3DM
®
, a three-dimensional plant 

design software system, and WalkThru
®
, a three-dimensional visualization tool. Both products were 

acquired by Bentley Systems and incorporated into MicroStation
®
 software suite. Hence, the only three-

dimensional practical software was in the process and used for commercial and construction purposes 

(Aslani et al., 2009).  

Consecutively, the Construction Industry Institute (CII) funded a research program that involved 

integrating three-dimensional models and their associated databases. This evolved to a new tool or 

approach to a process called Fully Integrated and Automated Project Processes (FIAPP). The main 

purpose of research was to bring all of participants of the design, procurement, and construction process 

together. This has now been replaced by Building Information Modeling (BIM) (Aslani et al., 2009). 

BIM represents a relatively recent switch in design and documentation methodology in the design 

and construction industries. In BIM, all the information related to construction is stored in an integrated 

database with a complete set of design documents. The information stored is parametric and linked to all 

other entities; that is, any changes made in the building plan is auto-generated in other views such as 

elevations, sections, and other related areas in a documentation set. Thus, BIM can be defined as “…the 
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creation and use of coordinated, consistent, computable information about a building project in design-

parametric information used in design decision making, production of high-quality construction 

documents, prediction of building performance, cost estimating, and construction planning” (Krygiel & 

Nies, 2008). 

2.3 BIM: New Tools and Processes 

BIM is neither simply a virtual representative of a real project nor a static encapsulation for project 

information. BIM is a tool that provides dynamic decision-making information throughout a project 

lifecycle. BIM’s encapsulated information synchronizes with construction practices ranging from design, 

execution, operation, and maintenance through renovation (Lu & Li, 2011). BIM is a layered, 3-D 

electronic model that represents exactly how the real construction project will be built in the field with all 

the required information. The three dimensional modeling technology and associated set of processes is 

used to produce, communicate, and analyze building models (Eastman et al., 2008).  

Traditionally, in a CAD-based system, each view is drawn separately with no inherit relationship 

between drawings; in addition, any changes that occur in or during the construction process require the 

changes to be applied in all the related drawings. Therefore, it can be said that CAD-based drawings are 

simply a collection of all manually generated files. However, in BIM-based system, the focus and effort is 

placed within the BIM model. Building models are compiled using intelligent digital representations of 

building components embedded with parametric data that describes how they behave; these components 

are also known as parametric objects. The building models developed are also consistent and 

coordinated in such a way that the possibility of redundancy in data is eliminated. A BIM model then has 

the ability to generate plans, sections, details, information, and so forth. Therefore, BIM is a computer-

integrated project delivery system that uses 4-Dl models that integrate physical 3-D elements with time 

(Krygiel & Nies, 2008). Figure 2.2 illustrates comparison of a CAD-based and a BIM-based System 

(Courtesy: Roger O’Brien, Construction). 
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Figure 2.2 Comparison of CAD-based System and BIM-based System  
(Courtesy: Roger O’Brien, Construction) 

 
BIM is a process of generating and managing building data during its life cycle (Holness, 2008).  

The process generates the BIM with building geometry, spatial relation, and geographic information, as 

well as the quantities and properties of building components (Huang et al., 2011).  The process acts as a 

dynamic building modeling software to increase productivity in building design and construction. Also, it 

contributes throughout the life-cycle of a program to communicate the design, construction, operations 

and maintenance of the facilities, along with other relevant and required information (Harris, 2011). Figure 

2.3 illustrates BIM Process (Krygiel & Nies, 2008). 
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Figure 2.3 BIM Process  
(Source: Krygiel & Nies, 2008) 

2.4 Application of BIM 

Although, BIM has its roots in architecture, the principles of BIM apply to everything that is built 

and the benefits of BIM are being experienced by the entire construction team such as owners, 

designers, and contractors in the same way they are enjoyed by architects. The application of BIM has 

provided a paradigm shift from traditional two-dimensional drawings and the integrated process has 

changed the view of the projects from design through construction and into operations. For instance, 

owners often face cost overruns or unexpected costs that force them to go over budget or suspending the 

project. “Surveys of owners indicate that up to two-thirds of the construction clients report cost overruns” 

(Eastman et al., 2008). To overcome the cost overruns and unreliable estimates, the AEC industry uses 

contingencies or a budget to cope with project uncertainties. The contingencies will usually vary from 5% 

to 50% and depend upon the complexity of the project (Eastman et al., 2008). However, the use of BIM 

has helped the construction industry mitigate this issue. BIM provides an opportunity to view the entire as-

built process before the actual construction takes place. Thus, it provides scope for “Value Engineering” 

and helps  reduce contingencies to a greater extent. Figure 2.4 illustrates typical range of contingencies 
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that is added during different stages of the construction project and reduction in contingencies by 

application of BIM.  

 

Figure 2.4 Reduction of Contingencies by Application of BIM  
(Source: Eastman et al., 2008) 

Another important or major application of BIM is the improvement in project construction 

productivity and reduction in project construction time.. Since every project is unique, many times the 

management team does not understand the entire construction process and tend to make decisions at a 

slow rate which causes time overruns and delays. It has been found that about 45%of project 

construction time is non-productive. Clearly, this rate is too high for any industry, and with such low 

productivity, neither profit nor efficiency results. Also, it has been found that of the 45% total non-

productive time, one-third of it is due to management inefficiencies. This causes serious delays and a 

high degree of financial risks for contractors. Also, it hampers the environment among the construction 

team. However, with the use of BIM, potentially these kinds of management delays can be overcome; i.e., 

when a three-dimensional model is built, it provides an opportunity to view and make decisions 

instantaneously when missing information or conflicts are found. Furthermore, BIM provides scope for 

visualization and elimination. Visualization primarily addresses the benefit to the management or 
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individuals in understanding or improving their own understanding of the projects. According to Kymmell 

(2008), “People often say ‘I see’ when something is understood and this relates to visualization, and the 

clearest advantage of application of BIM is to visualize what is being represented.” Elimination mostly 

addresses project-related issues like conflicts and risks. When all the information is collected and 

synchronized in the BIM model, it helps to know the conflicts and risk factors involved in every element or 

component of the project. This helps the management understand the issues that arise in a later phase of 

the project and helps them make decisions that reduce the delays and time overruns. 

2.5 Benefits of BIM 

The key benefit of BIM is its accurate geometrical representation of the building components in an 

integrated data environment (Azhar, 2011). Other related benefits of BIM can be categorized into four 

major phases and teams. 

2.5.1 Pre-construction Benefits to Owner 

BIM helps owners to know whether a given project can be achieved with the desired goals. A 

building model with cost information linked to it is of incredible value to the owner. For every project when 

the owners hires an architect his main goal will be to know if the building of a given size, quality level, and 

desired BIM program can be built with the given cost and time. With BIM, a schematic model can be built 

prior to the design. Later, after careful evaluation of the proposed building using BIM, both the owners 

and builders can know if it can meet the desired functions within cost constraints (Eastman et al., 2008). 

2.5.2 Design Benefits 

BIM provides scope for visualization of project at an early stage. This helps the design team to 

determine the conflicts and minimize low-level corrections which can cause delays during the construction 

phase. In addition, it helps form collaboration of multiple design teams and helps the organizations to 

work simultaneously. Also, with BIM model being built an accurate two-dimensional drawing can be 

generated at any stage of design. It helps the designers to extract costs during design stage and provide 

cost implications associated with a given design before it progresses. Finally, when the final stage of 

design is completed the quantities can be extracted from the model and an accurate cost estimate can be 
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generated. Thus, BIM helps to make better design decisions regarding costs rather than just using paper-

based drawings (Eastman et al., 2008). 

2.5.3 Construction and Offsite Fabrication Benefits 

BIM helps to virtually simulate the construction process and see the end product or as-built 

product before it is built. The three-dimensional model can be linked to the construction plan and a fourth-

dimensional CAD model can be built to see how the project would look like at point of time. This graphic 

simulation allows the construction team to see how the project will be constructed day-by-day and reveals 

sources of potential problems such as design errors or omissions and provides opportunities for possible 

improvements by using clash detection. Thus, the construction team can react quickly to design and site 

problems. 

Also, because the components are already defined in the BIM model, the three-dimensional 

model can be used for fabrication of components and to compose accurate and detailed shop models. It 

helps the vendors to develop the details needed for fabrication and maintains links that reflect the design 

intent. This facilitates faster offsite fabrication and reduces cost and construction time (Eastman et al., 

2008). 

2.5.4 Post-Construction Benefits 

The information of systems or components used in a building model acts as a source for better 

management. For instance, earlier analyses used for determining mechanical equipment, control 

systems, and other purchases helps the owner verify design decisions once the building is in use. 

Further, BIM integrates the facilities operations and management systems and the lifecycle data acts as a 

useful starting point for managing and operating a building (Azhar, 2011). 

2.6 BIM for Civil Engineering and Infrastructure Projects 

Although, the capabilities of BIM for buildings is by now very well established in the construction 

industry, its applicability to civil engineering and building infrastructure projects is little known or less 

documented. Also, in recent decades, 2-D drawings and documents/specifications have been major tools 

for construction of infrastructure projects. However, these tools can only meet the design criteria, but 

when there is a change in design standards and change in work orders for various reasons it becomes 
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complex, laborious, and tedious to change such data. For example, when a wall moves in building design, 

its adjacent window, door, and doorknob changes and these changes have to be incorporated separately 

in all two-dimensional drawings. However, in BIM these entities change automatically when the wall 

moves. Thus, BIM utilizes object-oriented concept to increase efficiency of information management in 

the building life cycle (Haung et al., 2011). Similarly, civil engineering projects such as roads and highway 

design, water utilities, and sewer/storm water analysis will have entities embedded in their specifications 

and incorporating them in two-dimensional drawings may prove to be cumbersome or tedious. 

Furthermore, the quality and duration of a civil/infrastructure project depends on accurate design 

and analyzing the entire construction process in detail for different phases such as design phase, 

construction phase, and maintenance phase. In addition, producing accurate drawings, quantity takeoffs, 

cost estimation, planning and scheduling, and overall design of construction operations play an important 

role in successful completion of a construction project. For mega large pipeline projects that require 

installation of large diameter pipes and high project costs, it becomes even more challenging to locate 

existing utilities, determine subsurface conditions, manage different contractors, coordinate pipe 

deliveries and storage, plan project sites and equipment setup, haul materials, and complete other tasks 

for smooth execution of project completed on time and on budget. Creating virtual 3D models can 

eliminate/reduce issues and conflicts. This also provides the project owner an opportunity to visualize the 

end product and design engineers an opportunity to select various available construction options and 

minimize changes in work orders as well as delays during the execution of the project. Hence, this 

research work intends to evaluate the capabilities of BIM for infrastructure projects such as installation of 

large diameter pipes for water facilities. 

2.7 Chapter Summary 

Chapter two provided a brief overview and definition of BIM. The predominantly used project 

documentation system that is in current use was discussed with their respective benefits and 

shortcomings. Although the concept of BIM is not new in the industry it has been implemented extensively 

for many large scale projects in recent years. Various research papers indicated that for every project, 

BIM is becoming a prominent choice for building projects. 
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CHAPTER 3  

SURVEY 

3.1 Introduction 

Chapters 1 and 2 presented an introduction, overview and the literature search that was 

conducted for this thesis. This chapter discusses the methodology adopted for this research. A 

combination of quantitative and qualitative methods was used, with the following maxim in mind: “Using a 

multiple research techniques within the same study can lead to greater rigor and confidence, since the 

advantages of using one method balances out the disadvantages of other method” (Mahalingam et al., 

2009). The methodology was first to conduct a survey and then to create a BIM model for a water 

transmission pipeline project which is discussed in the next chapter. The purpose of survey was to gather 

information about industry opinion on evaluating and implementing BIM for water transmission pipelines.  

3.2 Survey Questions 

To evaluate this thesis, it is necessary to know industry opinion about the need for 

implementation of BIM model for water transmission pipelines. Hence, a survey was conducted to identify 

what a BIM model should possess for water transmission pipelines. The survey was sent to all categories 

of personnel involved in construction, i.e., upper management (Director and General Manager), 

Designer/Engineer/Project Manager (DEP), and contractors. The survey was sent to 37 participants who 

were directly involved with pipeline industry or had previous knowledge about BIM. However, some of the 

participants did not respond to the survey. The DEP category was the largest among the categories that 

were surveyed. See Table 3.1. 
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Table 3.1 Summary of Respondents 

Category Respondents Target Survey Response Rate 

Upper Management (Director and General 

Manager
 
) 

3 6 50% 

Designer/Engineer/Project Manager (DEP) 17 24 66.6% 

Contractor 2 7 28.5% 

Total 22 37 59.5% 

 

Most of the respondents surveyed were either using BIM or aware about the BIM process and its 

benefits. However, some of the contractors in pipeline industry were not very familiar with BIM. So, a brief 

overview about BIM was given. The questions in the survey were administered using a 5-point rating 

scale (5 indicated a high degree of acceptance and 1 indicated the lack of usefulness). See Appendix A 

for survey questionnaire. 

The survey consisted of questions about whether the companies were using BIM and for what 

type of projects. The participants were asked to respond to questions like what type of BIM model they 

thought would be helpful for water transmission pipelines. In order to ascertain the usefulness of BIM, the 

participants were asked questions relating to applicability and at which phase BIM would be helpful for 

water transmission pipelines. Furthermore, it had questions about features that will be helpful and 

parameters required for BIM model in water transmission pipelines. The survey was sent in a PDF format. 

The participants had to fill in the fields with their choice of answer and had to click on the submit tab. This 

would automatically enable the form to be transferred via email.  

3.3 Analysis of Survey Results 

3.3.1 Type of Firms 

The survey results obtained from participants represented various types of firms such as 

architectural, design firms, consulting businesses, construction companies, and others. Figure 3.1 

represents the type of firm the respondents represented. . The respondents interviewed were involved 

with one or more types of projects; i.e. residential, commercial, civil/heavy, regular civil engineering 

related and industrial. Since the research work involved evaluating BIM for water transmission pipelines, 
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the majority of the respondents interviewed were either from pipeline industry or from Virtual Design and 

Construction (VDC). Figure 3.2 represents the type of projects the surveyed companies represented. 

 

Figure 3.1 Type of Firm the Respondents Represented 

 

 

Figure 3.2 Type of Projects Surveyed Companies Represented 

3.3.2 Company Experience with BIM 

The companies interviewed said that they either implemented BIM very recently or did not use 

them at all. Figure 3.3 illustrates the companies that implemented BIM. Also, the respondents were asked 
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how long they had been using BIM. It was found that majority of the companies had used BIM from two to 

three years (see Figure 3.4). 

 

Figure 3.3 Companies that Implemented BIM 

 

Figure 3.4 BIM Usage 

3.3.3 Usefulness of BIM 

If BIM is implemented in a company it might be necessary to know at what level and phase it will 
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was selected to know importance of BIM at each phase. The response obtained from the participants had 

a rating which varied from 1 to 5 for all phases (see Figure 3.5). 

 

Figure 3.5 Usefulness of BIM 

However, on closer inspection it could be ascertained that out of a maximum 5 the mean score 

for the usefulness of BIM in construction phase is 4.15 (see Table 3.2). Also, the mean score for 

usefulness of BIM in design phase is 4.1. This indicates that the respondents were of the opinion that 

using BIM for design and construction phase will benefit in design improvements, constructability 

analysis, and project review. 

  

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Usefulness of BIM 
in Planning 

Usefulness of BIM 
in Design 

Usefulness of BIM 
in Construction 

Usefulness of BIM 
in Resource 

Management 

1 

2 

3 

4 

5 



20 
 

Table 3.2 Analysis of Usefulness of BIM 

Parameter Mean (Max. =5) 

Usefulness of BIM in Planning 3.7 

Usefulness of BIM in Design 4.1 

Usefulness of BIM in Construction 4.15 

Usefulness of BIM in Resource Management 3.3 

 

3.3.4 Type of BIM Model for Water Transmission Pipelines 

As Figure 3.6 illustrates, of the twenty-two participants that responded to the survey, 16 

participants indicated a basic BIM model with design features that enables one to incorporate and view 

shop-drawings and they also indicated that takeoffs would be beneficial for water transmission pipeline. 

Eighteen respondents stated that a detailed BIM model with basic features and cost estimating would be 

helpful. Twelve participants stated that BIM model would be beneficial for project sequencing and 

scheduling. 

 

Figure 3.6 BIM Feature Required for Water Transmission Pipelines 
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3.3.5 Parameter required to Implement BIM for Water Transmission Pipelines 

The response obtained from the participants had a rating which varied from two to five for all 

phases (see Figure 3.7). However, on a closer inspection it can be ascertained that out of a maximum 

five the mean score for the usefulness of BIM was between 3.43 to 3.64 (see Table 3.3). This indicates 

that the respondents were in agreement that a BIM model in water transmission pipelines will be helpful 

for quantity take-offs and project cost estimating, planning and scheduling, site logistics, and sequencing. 

 

Figure 3.7 Parameter to Implement BIM Feature for Water Transmission Pipelines 

Table 3.3 Analysis of Hypothesis for BIM Parameter 

Parameter Mean 

Takeoffs and Cost Estimating 3.43 

Planning and Scheduling 3.53 

Site Logistics 3.66 

Sequencing 3.64 
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Finally, the consensus in the construction industry right now is that, BIM will replace traditionally 

used project management methods some years from now. The analysis of results showed that with the 

benefits it can offer the majority of respondents concluded that it will replace the traditional two-

dimensional drawings (see Figure 3.8). 

 

Figure 3.8 Will BIM Replace Two-Dimensional Drawings in 5-10 Years? 

3.4 Chapter Summary 

Most of the companies that were surveyed were either trying to incorporate BIM into their projects 

or had started implementing BIM very recently. Hence, it can be vaguely said that BIM is relatively a new 

trend in construction industry. Later, the industry professionals agreed that creating a BIM model will be 

most useful for designing the project and analyzing construction process. Therefore, developing a 

detailed BIM model will be more beneficial for water transmission pipelines. BIM is slowly gaining 

acceptance in the civil/heavy civil industry and will be useful for water transmission pipelines. Almost 62% 

of the company professionals interviewed agreed that BIM will replace the traditional two-dimensional 

drawings in next 5-10 years. 
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CHAPTER 4  

METHODOLOGY 

4.1 Introduction 

This chapter gives a brief overview of the project background selected to create a BIM model. 

Then it talks about the approach that was adopted to develop the BIM model with emphasis on methods 

and procedure used to implement BIM. Finally, it evaluates BIM model by analyzing the quantity takeoff 

that was used to compute soil excavation quantities. 

4.2 Project Background 

A segment of a 150-mile long “Integrated Pipeline (IPL) Project” was selected to evaluate BIM for 

water transmission pipelines. Integrated Pipeline (IPL) Project is a joint effort between the Tarrant 

Regional Water District (TRWD) and the City of Dallas Water Utilities (DWU). Currently, the IPL team is 

engaged in planning, design, and implementation of a 350 MGD raw water transmission system, which 

will run across north central Texas from Lake Palestine to Lake Benbrook, with connections to Cedar 

Creek Reservoir, Richland Chambers Reservoir and with the City of Dallas as delivery point. Figure 4.1 

illustrates the pipeline alignment selection route for IPL project. The main purpose of this partnership is to 

address the water demand for next 50 to 100 years. 

Collectively, the system constitutes approximately 150 miles of pipeline and three pump station 

sites. The pipeline itself will vary from 84- to 108-inches in diameter, with an invert level typically 15-feet 

below the ground surface. Table 4.1 illustrates the various pipeline segments with the respective length 

and diameters of each segment. 



24 
 

 

Figure 4.1 IPL Pipeline Alignment  

Table 4.1 IPL Project Segment Details 

Segments Length (ft) Diameter (in.) 

9 77,220 84 

10 14,770 84 

11 39,190 84 

12 7,120 108 

13 65,190 108 

14 72,350 108 

15 156,770 108 

16 69,830 96 

17 60,390 102 

18 8,520 108 

19 218,990 84 
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4.3 BIM Application 

Due to the size and complexity of the project, the pipe route along segment 16 which has a length 

of 69,830 ft was selected for BIM application. Segment 16 connects Richmond-Chambers and Cedar-

Creek Reservoirs (see Figure 4.2). 

 

Figure 4.2 Segment 16 that Connect from Richmond-Chambers Reservoir to Cedar-Creek Reservoir 

4.4Creating Two-dimensional Drawing 

In two-dimensional drawings, two files are created from the data, i.e., a base drawing consisting 

of all existing surface and linework details and a non-topographic related surface. The base drawing was 

created using AutoCAD Civil 3D
®
 and the non-topographic related surface was extracted from Google 

Earth
®
. The existing surface was then referenced with coordinate system for a precise and accurate 

measurement. The imagery was in raster image format. Raster images are a form of graphic images that 

consists of closely spaced rectangular grids which are generally used for CAD design. The raster image 

contained a buffer 1,500 ft (750 ft to each side) around the centerline of existing proposed pipeline routes. 

Segment 16 
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The imagery was rectified to 3-m (10-ft) USGS
1
 National Elevation Dataset. For consistency, the 

projection and coordinate used by the IPL team; Datum
2
: NAD 83-Texas State Plane North Central Zone 

was used. The NAD system is the official primary geodetic network used in the United States. Figure 4.3 

illustrates the Coordinate system and Non-Topographic Surface. 

 

Figure 4.3 Coordinate System and Non-topographic Surface 

Once the detailed routing of the pipeline was completed, it is converted into a ‘POLYLINE’ which 

is used to create an ‘ALIGNMENT’ along the proposed route of IPL segment. The alignment is used to 

create a surface profile which is the lay of plan underneath the alignment. Later, a profile view which is a 

lay of the grid object or the profile data was created by assigning appropriate Alignment Style and Label 

Set. The profile view was customized in the profile view properties to have a dynamic link between the 

alignment and profile. 

                                                      
1
  USGS: U.S. Geological Survey 

2
 NAD 83: North American Datum of 1983 

 

Coordinate System 

Non-topographic Surface 

SsSurfaceSurface 
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In the profile view, the existing surface was first transferred from the alignment by using profile 

creation wizard. In the profile wizard view, the command “create profile from objects” was used to transfer 

alignment. To create a layout profile, suitable soil cover was assumed. A minimum soil cover of three-ft 

and maximum soil cover of five-ft were considered along the profile. A design layout comprised of three 

layouts i.e. top of pipe, centerline, and bottom of pipe was created. Figure 4.4 illustrates the profile layout 

and profile properties. The design was required to create a 3-D model of a pipe. This was accomplished 

by drawing basic AutoCAD lines such as creating line work, tangent to tangent, as best fit preliminary 

design, then edit for bends and deflections. The styles and settings were customized to have features 

such as the elevation, slope, station, styles, and labels. 

 

Figure 4.4 Profile Layout and Profile Properties 

4.5 Three-dimensional Drawings 

4.5.1 Creating Pipe Network and Parts List 

To have a three-dimensional pipe network, the first essential component is a pre-created parts list 

with all pipes, structures, styles, and rules. The parts list consisting of pipe material and other information 

related to the project is incorporated into the model. A circular concrete pipe (one commonly used 
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material for water transmission pipelines) is chosen for referencing and the details of the pipe are 

incorporated into the parts list. The styles and rules are customized in such way that if the pipe size is 

changed during the later stage of project it can be extracted from the parts list (see Figure 4.5). 

 

Figure 4.5 Pipe Parts List 

After the completion of parts lists, the pipe network is generated using a feature line. A feature 

line is required to link both the alignment and profile dynamically. In setting a feature line, a site and 

center line of the profile must be chosen so that the center line of pipe and center line of profile merge 

together. Figure 4.6 illustrates the pipe network and feature line creation properties. 
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Figure 4.6 Pipe Network and Feature Lines 

4.5.2 Trench Design and Assembly 

The trench design is the most crucial part while creating the three-dimensional models. A custom 

trench assembly without any slope was assumed. It is assumed that for safety purposes a trench box will 

be placed in the trench during the time of pipe installation. Figure 4.7 illustrates the trench section and 

pipe that was selected for this thesis. A suitable select material was assumed to be used for backfill 

around the excavation bottom to the crown of pipe with one-ft cover.  

Civil 3D
®
 is extensively used for designing highways and will not contain water transmission 

pipeline design. So, a custom assembly had to be created to design the trench. In pipeline design, the 

trench detail depends on pipe size, material, depth, and embedment. A unique trench assembly was built 

using basic commands like AutoCAD like lines and polylines to obtain soil excavation volume quantities. 

The subassemblies were assigned a unique set of codes. The codes were assigned to the top, bottom, 
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left, right, and to each point across the arc. Finally, the code set style was used to control the appearance 

of the subassembly. 

 

Figure 4.7 Three-dimensional View of Trench Section and Pipe 

4.6 Building Information Modeling (BIM) 

To incorporate BIM technology into the three-dimensional drawings, sample lines were created 

from the model that was generated. Sample lines are polylines that are linked dynamically to the 

surfaces, alignment, profile, and assemblies. After creating the sample lines, the three-dimensional model 

is built as a corridor. The corridor model was used to generate volumes. The corridor model consists of 

corridor surface section data, pipe network section data, and material section data. Each entity was used 

to analyze the earth volumes. All the parameters such as surface, datum, boundary conditions, fill factor, 

and cut factor were customized to suit the site conditions. 

4.7 Quantity Take-off 

To evaluate the BIM model, quantity take-off was performed to obtain soil excavation quantities. 

Figure 4.8 illustrates the sample trench design that was used for quantity take-off. The trench design 

selected had no slopes and was assumed that a trench box will be used for safety purpose. 
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Figure 4.8 Sample Trench Design  

The takeoff quantity for soil excavation was calculated for the entire 150-mile pipeline alignment. 

The take-off quantities were also performed using spreadsheet (see Table 4.2). The following sample 

trench design, typical for water transmission lines, was used to calculate the excavation quantities. 

The excavation quantities for spreadsheet method were determined using the following formula: 

Excavation Quantity:  L (Length) * B (Width) * D (Depth) 
                                 27
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Table 4.2 Excavation and Backfill Quantities for IPL Project Using Spreadsheet Method 

Segments 9 10 11 12 13 14 15 16 17 18 19 

Segment Length (ft) 77220 14770 39190 7120 65190 72350 156770 69830 60390 8520 218990 

Pipe Diameter (ft) 7 7 7 9 9 9 9 8 8.5 9 7 

Length (ft) 77220 14770 39190 7120 65190 72350 156770 69830 60390 8520 218990 

Depth of GW Surface >20 ft >20 ft >20 ft >20 ft >20 ft >20 ft >20 ft >20 ft >20 ft >20 ft >20 ft 

Trench Depth (ft) 13 13 13 15 15 15 15 14 14.5 15 13 

Trench Width (ft) 10 10 10 12 12 12 12 11 11.5 12 10 

Excavation Quantity 
(cy) 

   
371,800  

     
71,115  

   
188,693  

     
47,467  

   
434,600  

   
482,333  

  
1,045,133  

   
398,290  

   
372,964  

     
56,800  

   
1,054,396  

3
2
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4.8 Chapter Summary 

There are many software applications available to implement and use BIM in the industry for 

buildings. These software programs consist of pre-built components were the BIM user will “drag and 

drop” the necessary element into the model. But none of the software has been specifically designed to 

incorporate water transmission pipelines. These new applications required not only developing the model, 

but to create/customize the model dynamically. Hence, it was essential to know what type of BIM model 

should be implemented to best utilize the BIM technology for water transmission pipelines. 
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CHAPTER 5  

RESEARCH ANALYSIS AND RESULTS 

5.1 Introduction 

This chapter presents the results and findings of the research undertaken for this thesis. The 

results are categorized into two phases. The evaluation of BIM model for water transmission pipelines is 

discussed, and traditional project management practices are compared with the BIM method.. 

5.2 Developing a BIM Model 

5.2.1 Basic 3D Model 

Assigning a coordinate system into the model helped maintain accurate and precise analysis. The 

raster images provided by IPL Team and surface images taken from Google Earth® to obtain contours 

had exact locations. The BIM model required only creating the design criteria and setting relevant 

parametric entities. By doing so, the model would automatically generate the alignment conforming to the 

standards specified. Hence, there was no need for manual alignment design calculations. Similarly, the 

profile layout for the entire existing surface and design profile required only creating the design criteria 

and setting relevant parametric entities. All the slope calculations and station heights were generated 

automatically after setting up the criteria. Creating an assembly was the only difficult task in the model. It 

required assigning point codes and label sets to each and every point. Figure 5.1 illustrates the basic BIM 

model with alignment, profile, and sections. 

5.2.2 Detailed BIM Model 

The basic BIM model was further developed to obtain quantity takeoff and visualization. The BIM 

model created was simulated through a 3-D model. The simulation provided an opportunity for locating 

existing utilities along the entire path of the pipeline alignment and determining accurate quantity takeoffs. 

See Figure 5.2. Visualizing the existing utilities at the design phase allows the owners, designers, and 

contractors to mitigate or reduce the risks due to existing utilities.  
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Figure 5.1 BIM Model with Alignment, Profile, and Sections 

 

Figure 5.2 BIM Model with 3-D Visualization 

It was found that by defining quantity takeoff criteria and creating sample lines for the alignment, 

the takeoffs were generated automatically and no manual calculations were required. The takeoffs were 

generated by processing surface section elevations, pipe network section data, and soil volumetric 

quantities. Furthermore, the BIM model used existing topographical surface as top surface for calculating 

Existing Utilities 
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the soil excavation volume takeoff. This provided accurate and precise volume quantities. Table 5.1 

presents BIM Model quantities which were obtained in this thesis. These values are compared with 

spreadsheet method calculated for the same section. Since the design layout was assumed for this thesis 

work it was not possible to validate the BIM quantities and spreadsheet method. As shown in Table 5.1, 

the spreadsheet quantities almost match the BIM results. 

Table 5.1 Soil Excavation Quantities from BIM Method
3
 

Description Unit 
Quantities Calculated by 

BIM Model 

Quantities Calculated by 

Spreadsheet Method 

Pipe Diameter in. 96 96 

Length ft 57,258 57,258 

Depth ft 14 14 

Width ft 11 11 

Soil Excavation Quantity cy 361,208 326,583 

5.3 Comparison between Traditional Method and BIM Model  

The traditional water transmission pipeline design will have spreadsheet or program language to 

calculate mathematical operations. The process will be repeated until the design is finalized. Also, the 

layouts such as alignment, profile, and sections are drawn using two-dimensional drafting software’s. This 

process has to be repeated if there are any changes in the design. This may lead to errors and 

omissions. However, in a BIM-model the design calculation and drawings are generated automatically. It 

only requires the designer to input the design criteria. If there are any changes or modification in the 

design, the model changes automatically by incorporating real-time calculations. Table 5.2 illustrates 

comparison between Traditional-based system and BIM-based system. 

  

                                                      
3
 Appendix B presents a Detailed Report generated from BIM Method. 
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Table 5.2 Comparison between Traditional-based System and BIM-based System 

Sl No Description Traditional-based System BIM-based System 

1 Precise Alignment Yes Yes 

2 Computer Aided Drafting Yes Yes 

3 Computer Aided Design No Yes 

4 Dynamic Links No Yes 

5 Parametric Entity No Yes 

6 Design Duration
4
 Long Short 

7 Object-Oriented Concept No Yes 

5.4 Chapter Summary 

To incorporate BIM into the three-dimensional drawings, it is first essential to have a customized 

project label and code sets, i.e., to determine what entities or parameters are needed for the project. 

Furthermore, a comparison between traditional method adopted for design of water transmission pipeline 

and BIM-model justifies the benefits of incorporating such methods. The survey results from the company 

professionals shows benefit and need for implementing BIM for water transmission pipelines. The survey 

result showed that using BIM for water transmission pipelines will be very helpful during design phase. 

Finally, it can be said that the pipeline industry will slowly recognize the benefits of BIM leveraged by 

other construction industries and will incorporate it in design, cost estimation, and planning of water 

transmission pipelines. 

 

                                                      
4
 Long – Represents requires more hours to design; Short: Represents requires less hours to design  
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CHAPTER 6  

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH 

This chapter presents the conclusions drawn from the results and findings obtained in this thesis. 

It also includes the recommendations that can be incorporated into future research on the same subject. 

6.1 Conclusions 

It can be concluded that creating a BIM model for water transmission pipelines is beneficial 

because: 

 BIM provides better estimation of volume calculations and more accurate estimations at different 

points than the traditional spreadsheet method. 

 BIM enables object tracking feature; i.e. if a user seeks the data at a certain smaller segment it can 

be obtained. 

 BIM can provide more refined topographical features along the horizontal alignment. This feature is 

not available with traditional 2-D methods.  

 BIM uses a criteria-based characteristic design, i.e., the designer or BIM manager can define the 

minimum design requirements beforehand. This ensures that the local standards for alignment design 

are met. 

  When the pre-customized code sets for design are violated, the software automatically shows an 

error message on both the drawing file and log file.  

 The dynamic link between tables and entities makes the BIM model very effective. Since BIM is a 

representation of many schemas, this feature helps reduce errors and omissions. For example, when 

any parameter in the drawing is changed, the entire real-time data is updated automatically. 

 The BIM model enables updating of drawing files efficiently and because of the dynamic links created 

at beginning it offers more flexibility to make modifications. In contrast, traditional designs use 

different programs for each process, as when spreadsheets or related programs are used for entering 
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data, design, and calculation and AutoCAD for drawings. Hence, the chances of errors or omissions 

are high when compared to the BIM model. 

6.2 Recommendation for Future Research 

The recommendations for future research can be summarized as following: 

 Create BIM model showing spatial coordination, scheduling, and site logistics for water transmission 

pipelines so its benefits can be studied. 

 Compare study between BIM method and traditional method, and document cost saving by 

implementing BIM for water transmission pipelines showing that it can be done. 

 Study on setting up of BIM servers (data exchange) and data security issues related to BIM Model 

needs to be assessed. 

 Conduct a survey on a wider scale (more participants) to get more complete sense of industry 

acceptance of using BIM to build water transmission pipelines. 
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APPENDIX A 

 

SURVEY QUESTIONNAIRE FORM 
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The University of Texas at Arlington 

This is a voluntary survey questionnaire being conducted for “Evaluation of Building Information 

Modeling (BIM) for Water Transmission Pipelines”. The purpose of this study is to correlate BIM, a new 

paradigm adopted by the AEC industry. The nine questions are designed to help understand if BIM would 

be helpful to other construction industries such as water transmission pipelines, so that even other 

construction industries could benefit the use of BIM. Identifying what you think about BIM for water 

transmission pipelines will be instrumental in order to reach that goal. 

This study is being conducted by Rakesh Gopala Raju Doraiswamy (contact information provided below) 

under the direction of Dr. Mohammad Najafi, P.E. Professor, at the University of Texas at Arlington. A 

copy of the survey results can be sent to you by e-mail per your request. 

Thank you in advance for your help, I do appreciate your time.  

Rakesh Gopala Raju Doraiswamy  

Graduate Student  

Department of Civil Engineering 

The University of Texas at Arlington 

Phone: 817-296-3908 

E-mail: rakesh.gopalarajudoraiswa@mavs.uta.edu 

 

 
Summary of Thesis 

In construction industry, Building Information Modeling (BIM) is being widely used for medium and large 

scale residential and commercial projects. BIM has been used for several projects worldwide and is being 

increasingly accepted by the AEC industry. In BIM, 4D models that integrate physical 3D elements with time are 

created. This model helps visualizing, planning, and scheduling the construction processes. Also, BIM has several 

other benefits over an entire lifecycle of a project such as making design decisions, assessing reliability of project 

data and project constructability, provide “what if” scenarios, value engineering analysis, conflict analysis, 

equipment setup, and progress monitoring. However, despite having many benefits, the application of BIM for other 

construction industries such as Industrial, Civil, and Infrastructure projects has been very limited. Hence, the main 

intention of this research work is to investigate the applicability of BIM to infrastructure projects such as water 

utility projects that consists of large diameter pipes and assess the outcome and efficiency of such works. 

 

 

 

 

 

 

 

mailto:rakesh.gopalarajudoraiswa@mavs.uta.edu?subject=Thesis%20Survey%20Report


42 
 

 

Thesis Survey Report 

Evaluation of Building Information Modeling (BIM) for Water Transmission Pipelines 
 

 
Name: 

Job Title: 

Company: 

Email: 

 
1. What type of firm is your company? 

     □ Owner   □ Design Firm 

     □ Architectural Firm   □ Contractor  

     □ Consultant   □ Other (Please Specify)  

 
2. What kind of projects is your company involved with? 

     □ Residential  

     □ Commercial 

     □Civil/ Heavy Civil 

     □ Industrial 

3. Does your company use BIM? 

□ Yes □ No 

 

4. If yes, from how many years? 

□ 0 - 1 □ 2 - 3 

□ 1 - 2 □ 3 - 4 

□ 4 or More  
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5. On a Scale of 5, how useful will a BIM model be during different construction phases
5
? 

a. Usefulness of BIM in planning □1 □2 □3 □4 □5 

b. Usefulness of BIM in design □1 □2 □3 □4 □5 

c. Usefulness of BIM in construction □1 □2 □3 □4 □5 

d. Usefulness of BIM in Resource Management □1 □2 □3 □4 □5 

 
6. Based on type of project, how useful will BIM model be?  

a. BIM for residential and commercial projects □1 □2 □3 □4 □5 

b. BIM for Civil/ Infrastructure projects □1 □2 □3 □4 □5 

 
7. What type of BIM feature will be required or helpful for water transmission pipelines? 

□ Basic BIM Model (Alignments, Profile, Sections)  

□ Detailed BIM Model (Analysis, Shop Drawings, Take-offs, etc.) 

□ Project Sequencing 

□ Scheduling 

 
8. How well would these parameters improve if a BIM model for water transmission pipelines is 

developed? 

a. Take-off and Estimating □1 □2 □3 □4 □5 

b. Planning and scheduling □1 □2 □3 □4 □5 

c. Site Logistics □1 □2 □3 □4 □5 

d. Sequencing □1 □2 □3 □4 □5 

 
9. Do you see BIM replacing two-dimensional drawings in next 5-10 years? 

□ Yes □ No 

 

 

 

 

                                                      
5
 (1 = not at all important  to 5 = very important) 
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APPENDIX B 

 

QUANTITY TAKEOFFS FOR SOIL EXCAVATION FROM BIM MODEL 
 

(SEE SUPPLEMENTAL FILE) 
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