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ABSTRACT

Building Information Modeling (BIM) has gained attention in the Architectural,
Engineering and Construction (AEC) industry. BIM envisage the use of virtual n-
dimensional (n-D) models generated in computers to simulate the design, construction,
planning and operation of a facility. It allows the engineers, architects and constructors to
visualize what is to be built in virtual environment and to identify potential conflicts in
design, construction or operational of the facility. Along-with many advantages there are
certain barriers associated with BIM adoption which hinders the implementation of BIM
in AEC industry. This research aims to rank the advantages, barriers and potential fields
of application of BIM in AEC industry of Pakistan.

This research quantifies the difference in perception of AEC professionals
regarding the advantages, risks and potential applications of BIM. Furthermore, the
research will bench mark the current state of BIM adoption and also predicts the future
of BIM in Pakistan. The study is undertaken via a questionnaire based survey comprising
of 7 advantages, 12 barriers and 12 application of BIM. A pilot study was conducted that
involved three local architects, two academia professionals, one contractor and one
engineering consultant to establish the adequacy and appropriateness of the identified
advantages, risks and potential applications. The questionnaire was modified based on
the results of the pilot study and an open ended question requiring suggestions for
making BIM popular in Pakistan was incorporated. Data collected from 102 respondents,
(that includes architects, engineering consultants, contractors, sub contractors / suppliers,
research and development professionals) form 50 organizations varying from small to
very large in size and working across the Pakistan and is analyzed using SPSS.

Analysis of data collected from 102 AEC professionals showed that the current
state of BIM adoption is very low, i.e., 73% organizations have neither adopted BIM nor
involved in BIM adoption process in any capacity. Furthermore, 39% respondents
consider the there is very low level of “Buzz” about BIM is present in AEC industry of
Pakistan and 22% consider no “Buzz” about BIM. BIM is a faster and more effective
method for designing and construction management, it improves quality of the design
and construction and it reduces rework during construction are the top thee advantages
according to the perception of AEC professionals of Pakistan. BIM has least impact on

reduction of cost, time and human resources. Sub-consultants are unaware of BIM, lack
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of knowledgeable and experienced partners and lack of institutional education are top
three barriers in BIM adoption in Pakistani environment. Respondents of this survey
consider that technology advancement in the form of BIM is necessary to optimize the
performance of the industry. AEC professionals’ faces a lot of problems related to clash
detection and inter services coordination; therefore, they ranked 3D coordination as the
best application of BIM for Pakistani industry. Lighting analysis and 4D scheduling are
ranked at second and third position amongst the potential application of BIM. Use of
BIM in prefabrication is ranked least amongst the listed application of BIM. AEC
professionals want to learn BIM and 96% among them are in favour of implementing
BIM in AEC industry of Pakistan. Therefore, they suggested to spread BIM awareness
by conducting seminars, workshops and training sessions. BIM shall be included in the
courses of architectural engineering, civil engineering and architecture. Clients can make
their part by including BIM in contract documents.

The survey results concluded that the AEC professionals of Pakistan have an
instinct to shift to BIM because they consider current technology is not enough to tackle
the problem in the area of 3D coordination, lighting analysis and 4D simulation
scheduling. BIM adoption will help improve the quality of work, reduces rework during
construction. Furthermore, it is a faster and more effective method for designing and for
construction planning, scheduling and simulation. BIM is a relative popular approach
within the architects but sub-consultants are unaware about BIM due to lack of
experienced partners and lack of institutional education that results in low rate of BIM

adoption in Pakistan.
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Chapter 1

INTRODUCTION

1.1 STUDY BACKGROUND

The architecture, engineering and construction (AEC) industry is experiencing a
ongoing decrease in its productivity of construction labour since the early 1960s.
Meanwhile, the process industries such as the manufacturing industry have raised their
labor productivity. The decline of labor productivity in the AEC industry requires more
labor hours per contractual dollar amount. This indicates that AEC industry is deficient
of development for labor economy ideas. Figure 1.1 depicts the gap between the process

and AEC industry labor productivity.

Construction & Non-Farm Labor Productivity Index [1964-2003)

Constant $ of contracts /workhours of hourlyworkers
Sourcez: UE Dopr. of Commarce, Bureau of Labor Statietice
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Figure 1.1: AEC and Process Industry Labor Productivity Index (Teicholz, 2004)
The main causes of the decrease in labor productivity in the AEC industry are

related to



» The fragmented nature of AEC industry due to traditional project delivery

methods,

» Use of traditional 2D Computer Aided Drafting (CAD) technology and

» The size of AEC firms (Teicholz, 2004).

At first, the traditional project delivery approach for construction projects,
Design-Bid-Build, fragments the functions of stakeholders during design and
construction phases. In other words, it hinders the joint involvement of the construction
contractor or the project manager throughout conceptual and designing of the building.
Secondly, use of general and conventional two dimensional CAD drawings does not
support a true collaborative approach. Architects and engineering consultants produce
their own fragmented CAD design drawings / documents to relay theirs designs to
owners and contractors. These drawings are not integrated and usually pose clash of
information which result in inadequacy in labor productivity. The estimators need to
calculate and produce their own quantity take offs based on the CAD documents
produced by consultants. Moreover, the 2D CAD approach does not endorse the
integration of the drawings with schedule and cost. Lastly, due to unpredictable demand
and unique site requirements the construction companies are very small specialized and
regional firms.

Furthermore, the workers of AEC industry on the average are paid lower wages
than the process industry. Therefore, firms do not have as much of an incentive or the
resources to invest money in research and development of technology because of its high
risks and costs. When the advance methods and technologies are used, they are applied
per project basis and are not adapted quickly in the construction industry.

One of the first steps towards the use of 3D technology in the construction
industry was initiated as a 3D solid modeling in late 1970s. During this time,
manufacturing industry carried out product design, analysis, and simulation of 3D
products. Three dimensional modeling in the construction industry was hindered “by the
cost of computing power and later by the successful widespread adoption of CAD”
(Eastman, 2008). The process industry realized, spent more capital in technology and
seized the “potential benefits of integrated analysis capabilities, reduction of errors, and
the move toward factory automation”. They worked jointly with modeling tool providers

to trim down and eliminate the technological software hinders.



AEC industry has recognized the basis of object-oriented building modeling in
1990s. Initially, certain market sectors such as prefabricated structural steel employed
the parametric 3D modeling. Now, a variety of BIM tools became readily accessible
throughout the AEC industry. This is a reward of AEC industry’s commitment to
Building Information Modeling (BIM) for the last 20 years (Eastman, 2008). AEC
industry has come to a position to realize the true advantages of technological
advancement. The labor effectiveness gap can be closed via the Building Information
Modeling processes.

The intent of this research to study BIM and to establish benefits, risks and
potential applications of BIM particularly for AEC industry of Pakistan, as AEC industry
of Pakistan is also in front of analogous problems even with more intensity like design
and construction coordination, construction of 3D building with 2D drawings, clash
detection, lake of experienced BIM professionals and coordination of architectural
drawings with engineering drawings. In this research, the benefits, risks and potential
applications of BIM are discussed and analyzed in detail to help the industry to recognize
the advantages, problems and constraints of BIM adoption. The research concluded that
although BIM tools do pose some shortcomings such as sub consultants are unaware of
BIM however use of BIM can still be very beneficial to the owners, consultants,
contractors, construction managers and suppliers / fabricators, as BIM supports
collaborative efforts from all stakeholders to reduce the overall input of each individual
stakeholder and also to optimize design and construction processes. AEC professionals
of Pakistan, who have adopted BIM, have suggested some ways to improve BIM
adoption rate in AEC industry like inclusion of BIM as a subject in graduation and

master degrees in architecture and civil engineering.

1.2 OVERVIEW OF BIM PROCESS

Primarily, the Building Information Model is a three dimensional digital
demonstration of a building with its intrinsic components and characteristics. It is made
of intelligent building components which comprises of data attributes and parametric
rules for each object. For example, a window of certain material and dimension is
parametrically associated and hosted by a wall. Moreover, BIM offers consistent and
coordinated views and demonstration of the digital model together with reliable data for

each view. This reduces a lot of designer’s time as each view is coordinated through the



built-in intelligence of the BIM model. According to the National BIM Standard,
Building Information Model is “a computerized representation of physical and functional
characteristics of a building and a shared knowledge resource for data about a facility
forming a reliable basis for decisions during the project life-cycle; defined as existing
from earliest conception to demolition” ("About the National BIM Standard-United
States", 2010).

Building Information Modeling (BIM) is the process and practice of virtual
design and construction (VDC) through its entire lifecycle. It is a platform to share
knowledge, data and communicate between project participants. In other words, Building
Information Modeling is the process of developing the Building Information Model.

High quality 3D rendered images of a building can be generated from Building
Information Models. If the contractor only uses the model to better communicate the
BIM concept in 3D and does not further use the built-up information in the Building
information Model, then this is called as “Hollywood” BIM. Contractors might use the
“Hollywood” BIM to win contracts. However, they do not confiscate the full possible
value of Building Information Modeling.

BIM software offers many advantages for general building design. State-of-the-
art BIM software uses a centralized, parametric model—where all the plans and sections,
the quantity takeoffs, and other related documentation are “live” views of the model and
are digitally coordinated by the software. This integrated set of deliverables has an
unambiguous connection to each other and to the model, resulting in improved
coordinated construction documents that reduce errors and omissions (Robert E
Middlebrooks, 2006)

1.3 RESEARCH OBJECTIVES

The main objectives of the research study are;

a. To look at the current state of BIM adoption in Pakistan.

b. To study, explore and rank the advantages, risks and applications associated
with the adoption of BIM.

c. To compare the perception of different stake holders of AEC industry of
Pakistan about the adoption of BIM.

d. To predict the future of BIM in Pakistan.



1.4 SCOPE OF RESEARCH

The scope of this study is limited to AEC industry of Pakistan and mainly covers
the perception of key stakeholders i.e. clients, consultants, contractors, subcontractors
and suppliers / fabricators about advantages, risks and potential application associated
with the adoption of BIM. An effort has been made to include as many types of project
stakeholders as possible in the survey. Data is collected through questionnaire based
survey form 102 respondents belonging from 50 organizations, working across the
Pakistan. The major limitation being faced is the lack of research in this area and non

availability of BIM experienced professionals.

1.5 ORGANIZATION OF THESIS

The thesis is prearranged into five chapters with chapter 1 covering problem
statement, introduction to BIM, scope and objectives of the research and chapter 2
wrappers literature review of BIM, its advantages that have been explored in other parts
of the world, bottle necks that can be faced during the BIM adoption process and also
introduces with the potential application. Chapter 2 also presents the efforts, which
previously have been made, to in the field of BIM. Chapter 3 exposes the reader to the
methodology used in the research including information about the statistical test used in
the research to achieve the objectives. Chapter 4 depicts the data gathering processes,
data analysis and the results archived. The final chapter 5 presents the conclusions
inferred from results of data analysis and it also recommends a route to make BIM

popular in Pakistan.



Chapter 2

LITERATURE REVIEW
2.1 BACKGROUND

In 1974 a paper was presented by Chuck Eastman (now professor at Georgia
Institute of Technology) and five other authors. It explained problems with the principal
means of communications in the building design and construction process; those means
were drawings, including notes and specifications. Some of the problems they pointed
out were:

» 2D drawings are basically redundant, because to illustrate a three dimensional
room with two dimensional drawings you need at least two drawings, thus
shows one dimension twice. 2D drawings are also redundant in the aspect that
many items are presented on different drawings at different scale. All this
means that design change in any of drawing will lead to changes in a whole
set of drawings.

» Large efforts are required to keep design up-to-date. But even with a large
effort there is a great chance that information somewhere is obsolete or non-
consistent. This might result in designers making judgment on faulty
information.

» Information required for analysis of the construction must be taken manually
from the drawings. This is labor rigorous.

They proposed a solution to this problem that was to construct a computer system
that could store and control design information at great detail allowing design,
constructional, and operational analysis. This computer system was called Building
Description System, (BDS). (Eastman et. al 1974).

Now, the problems identified by Eastman et al more than 38 years ago still exist
may be to a minor degree but they are still very much a part of the building process; it is
disjointed and communication is mainly done by paper - and errors in these paper
documents often delays the process and we have to incur unanticipated field cost
(Eastman et al). And even more and today’s solutions to these problems look a lot like
the solutions designed by Eastman et al, regardless if it is presented as Virtual Design
and Construction (VDC), Integrated Project Delivery (IPD), or Building Information

Modeling (BIM). However, over the past years BIM has become the best choice for



many institutions and departments (GSA, AlA, NIBS, (Bell et al 2007)), as well as for
the major developers of modeling software (Autodesk, Tekla, Bentley).

Even if the concept, or a concept similar to BIM, was presented 35 years ago it
never really took off in the AEC industry. Instead of taking up computer modeling in
similar ways as the aeronautical industry — which used it for design, tests and
optimizations, the AEC industry opted to more or less just to digitize 2D drawings.
However, this is about to change. As of late some major institutions and big owners, e.g.
the GSA (USA) and Senate Properties (Finland), have started to specify the use of BIM
when they procure the services for construction and design (Bell et al 2007).1t is said that
BIM will have a most important impact in the AEC industry, and many of the problems
being faced by the industry will be solved b adoption of BIM, among others it is said
that:

» With BIM you will be able to create drawings of any set of objects at any
time in the project directly from the model thus greatly reducing time spent
on generating drawings manually. You will be able to do cost estimation and
quantity take offs promptly and easily.

» The model will make easy the work of detecting clashes before mobilization
into the construction phase.

» Impact of proposed design changes will be shown in the model directly and
automatically on other parts of the structure.

» Lean production methods will be more simply implemented since they
require careful harmonization which BIM facilitates.

In the 21st century, every development in technology has been achieved with
progress in computer science. The result of each development is to provide more
information to achieve objectives easily. This technical evolution is also depicted in the
Architecture, Engineering, and Construction (AEC) Industry. In the past 10 years, design
tools in the AEC industry have been enhanced from 2D modeling to 3D modeling.
Today, some software companies like Autodesk claim that they have developed new

design software based on the concept of BIM (Han Yan and Peter Damian, 2007).

2.2  DEFINITIONS OF BIM FROM LITERATURE

Building Information Modeling (BIM) stands for the process of development and

implementation of a computer generated model to integrate the planning, design,



construction and operation of a facility. The resulting Building Information Model is a
data-rich, intelligent, object-oriented and parametric digital representation of the
building, from which drawings and data appropriate to various users’ needs can be
extorted and analyzed to produce information that can be used in decisions making and
to improve the project delivery process (AGC, 2005).

A building information model portrays the geometry, geographic information
spatial relationships, quantities and characteristics of building elements, material
inventories, cost estimates and schedule of performance. This model can be used to
express the entire building life cycle (Bazjanac, 2006). As a result, quantities and shared
properties of materials can be easily extracted. Scopes of work can be easily isolated and
defined. Systems, sequences and assemblies can be shown in a relative scale with the
whole facility or group of facilities. The construction documents such as the drawings,
submittal processes, procurement details and other specifications can be easily
interrelated (Khemlani et al., 2006).

The principal difference among BIM and 2D CAD is that the latter explains a
building by isolated 2D views such as plans, sections and elevations. Variation in one of
these views requires that all other views must also be checked and updated accordingly,
an error-prone process that is one of the major causes of poor documentation. In
addition, data in these 2D drawings comprise of graphical entities only, such as lines,
arcs and circles, in contrast to the intelligent background semantic of BIM models, where
objects are defined in terms of building elements and systems such as spaces, walls,
beams and columns (CRC Construction Innovation, 2007).

A BIM model carries all required information related to the building, including
its aesthetic and functional propertiess and project life cycle information, in a
combination of “smart objects”. For example, an air conditioning unit within a BIM
would also contain data related to its supplier, operation and maintenance procedures,
flow rates and clearance requirements (CRC Construction Innovation, 2007).

BIM processes are for development and use of computer generated n-dimensional
(n-D) models to simulate the planning, design, construction and operation of a facility. It
is helpful for architects, engineers and constructors to visualize what is to be built in
virtual environment and to identify potential design, construction or operational clashes

and problems (Slaman Azhar at el, 2007).



Mortenson (M. A. Mortenson Company) consider VDC “an intelligent simulation
of architecture,” it has to display 6 important features (Campbell, 2007).
1. 3 Dimensional representation, to enhance representation of complex structure

conditions than 2 Dimensional design Drawings.

2. Automation - simulating of design and construction.

3. Computable — one can utilize BIM information, because BIM model is
dimension-able, quantifiable and query-able, something more than illustration.

4. Accessible — data made accessible to the whole project team through
interoperable and instinctive interface, including architects, engineers,
contractors, fabricators, owners, facility maintenance, and users.

5. Durable - data that depicts as-built conditions and remains serviceable
through all phases of a facility’s life, including design and planning,

fabrication and construction, and operations and maintenance.

6. Comprehensive — summarizing and communicating design intent,
constructability, building performance, and sequential and financial aspects of
construction and design means and methods.

The Building Information Model is a three dimensional digital representation of a
building and its inherent characteristics. It is made of intelligent building parts which
includes data attributes and parametric rules for each object. For instance, a door of
certain material and dimension is parametrically linked and hosted by a wall.
Furthermore, BIM provides reliable and coordinated views and representations of the
digital model including reliable data for each view. This saves a lot of designer’s time
since each view is coordinated through the built-in intelligence of the model. According
to the National BIM Standard, Building Information Model is “a digital representation of
physical and functional characteristics of a facility and a shared knowledge resource for
information about a facility forming a reliable basis for decisions during its life-cycle;
defined as existing from earliest conception to demolition” ("About the National BIM
Standard-United States”, 2010).

BIM is an integrated process which is used to ease the exchange of design and
construction data to project stakeholders. It is the act of gathering and of using
dependable, reliable and sufficient information to support any desired activity along the

construction lifecycle. The modeling process is built upon the demonstration of this
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information in digital formats, which support the exchange of data in an instantly

recognizable and reusable fashion by construction practitioners (IBC, 2011)

2.3 ADVANTAGES OF BIM

The advantages of design building by using BIM processes are considered self
evident by many who consider that the only way to ensure that all the drawings of a
building were geometrically consistent was to extracted them directly from a virtual
three-dimensional model. (Hernandez, 97) (Peltz, 97) In addition, it is considered that,
since architects are in the business of designing and visualizing three-dimensional
environments, the three-dimensional model was a more suitable design medium than
two-dimensional drawings. Indeed, the three-dimensional model would ultimately

become the construction documentation.

2.3.1 Reduce Construction Cost

According to AIA (2007), BIM reduces Construction Cost (Bottom Line Benefit).

e Provide analysis of variations

e Improved material pricing

e Reduction in RFIs

¢ Increase Construction speed

e Analysis Value Engineering Impacts

On the Camino Project (a project where BIM model was used), the MEP subs
have reduced their cost downwards in finalizing their contracts due to the increased
productivity that has resulted from a highly accurate bill of materials generated using
BIM model and increased pre-fabrication on the project. We believe that this has resulted
in @ much improved cost control for the subs performing the work on the project. On the
Sequus Project, cost control was a key distress for the owner. Typical cost escalation on
projects of this complexity range from 2% - 10%, with 2% considered extremely doing
well, according to the Sequus project manager. The cost escalation on the Sequus Project
averaged 1% for the MEP subcontractors, which was typically due to owner initiated
design modifications (Sheryl Staub & Atul Khanzode, 2007).
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2.3.2 Reduce Construction Time

Use of BIM reduces construction time due to improvement of following
processes and applications.

» Improves preconstruction planning

» Improves construction scheduling
» Improves project design coordination
>

Improves construction quality (BIM Handbook by Kymmell W.)

2.3.3 Improve Quality
BIM advances the quality of the building project by optimizing project life cycle

costs.

» Design: Optimize Space, Equipment Size, Energy Consumption

» Construction: Optimize Cost, Schedule

» Facilities Management: Optimize building operation (AlA, 2007)

BIM creates design of better quality as project proposals can be thoroughly
analyzed, simulations can be done quickly and performance benchmarked, enabling

improved and creative solutions (Salman Azhar at el, 2008).

2.3.4 Reduce Human Resource

According to Yan, H., and Damien, P., in the operation phase, Building
Information Modeling generates obtainable concurrent information before and during
performance of the project; and the economic aspects of the project. BIM leaves a digital
document trail consequential from transformations and developments during operation.
An Autodesk publication claims that: “BIM speeds up the adaptation of standard
building prototypes to site business conditions, such as retail, that require the building of
similar buildings in many different sites.” From the questionnaire, most BIM users
believe that BIM can reduce human resource during the entire operation phase (Yan, H.,
and Damien, P., 2008).

2.3.5 Reduce Contingencies
BIM will curtail change orders, rework during construction and design

coordination issues, and will also decrease the initial project cost. Hence, contractors will

sharpen their pencils and will offer pricing per known factors, the number of unknowns,
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pricing for contingencies and site coordination efforts are reduced (Patrick C. Suermann
and Raja R.A. Issa, 2009).

2.3.6 Faster & More Effective method

BIM processes are faster and more effective processes because information is and
data can be shared more easily, can be value-added and it can also be reused (Azhar, S. at
el, 2008).

2.3.7 Reduce Rework during Construction

The MEP design management and coordination processes eradicate most of the
design conflicts prior to commencement of construction. Typically, many clashes /
conflicts go undetected until they come upon during installation, often resulting in costly
rework. On the Sequus Project (a project where BIM model was used), the only rework
that was required happened between trades that did not model their scope of work in 3D.
In fact, the superintendent for the civil contractor noted the "seamless” installation
process for the 3D work. On the Camino project (another project where BIM model was
used), after 250,000 square feet had been erected, there was not a single field conflict
throughout the installation of the MEP work. According to the Superintendent, he has
never experienced this level of correctness of field installation before in his 35 years of
experience and estimates that he is spending much less time resolving field issues
compared to previous projects. He estimates that on previous projects he used to spend 2
to 3 hours per day for with these issues, and on Camino he has spent a total of 10-15
hours over a period eight month after the MEP installation began (Sheryl Staub & Atul
Khanzode, 2007).

2.4 BARRIERS IN ADOPTION OF BIM

The following are the barriers, which AEC industries in the other parts of the
word are facing. These barriers hinder the professionals to adopt BIM process for design

and construction.

2.4.1 Lack of Experienced Partners

According to BIM handbook by Kymmell W., (year) Projects are built by people.
Research into successful projects has shown that there are several significant keys to

SuUccess:
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1. A knowledgeable, dependable, and decisive project owner/developer;

2. A team with appropriate experience and chemistry assembled as early as

possible, but certainly before 25% of the project design is complete; and

3. A contract that supports and rewards firms for behaving as a team.

These three points do appear like common sense when they are applied to a sport
team or a music band; but it seems far-fetched to apply this to the AEC industry. The
existing system is strongly embedded in the history of the professions, and nothing short
of a civilizing or psychological revolution will likely change this in a noteworthy way.
Necessity, however, is forcing the AEC industry into this direction, and it will behoove
all the players on a team to recognize that they are part of a team and learn to behave
consequently. Coordinated and collaborating project teams will be a requirement for

survival in the industry in the not too distant future.

2.4.2 Views regarding Current Technology

Computers have transformed the way documents are generated. Similarly,
information technology is bound to reform the way people exchange information and
documents. Information technology (IT) is defined as “the use of electronic machinery
and programs for the processing, storage, transfer and presentation of information”. IT
includes many technologies such as computers, software, networks and even telephones
and fax machines. The purpose of IT is to make easy the exchange and management of
information and has a lot of potentials for the information process component of the
AEC industry. These recent technologies will certainly have a profound impact on how
organizations operate on a daily basis (Rivards H, 2000).

The major difference between BIM and conventional 3D CAD is that the latter
explains a building by independent 3D views such as plans, sections and elevations.
Editing one of these views requires that all other views must be checked and updated, an
error-prone process that is one of the major causes of poor documentation. In addition,
data in these 3D drawings are graphical entities only, such as lines, arcs and circles, in
contrast to the intelligent contextual semantic of BIM models, where objects are defined
in terms of building elements and systems such as spaces, walls, beams and columns
(Azhar at el, 2008).
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2.43 Cost of Implementing BIM

As a universal rule, No one generally wants to start over, because it seems like a
waste of time and effort (BIM Handbook by Kymmell W.). This research will find out, is
this a reason for not adoption of BIM in Pakistan.

According to McGraw Construction, smart market report, cost of implementation
include

» BIM training

» New / upgraded of hardware

» Develop collaborative BIM process with external links

» Developing custom 3D libraries

2.4.4 Limited adoption in our Industry

BIM adoption is limited in AEC, due to following factors
» Lack of information

» Resistance to change

» Up front cost

» Interoperability (Pike Research, 2012)

2.4.5 Direct Advantages are not for Designer

The reward a client and a contractor attain from BIM can easily be accepted.
Application of BIM model permits for lesser design mistakes, lesser construction
mistakes, design optimization, and lesser design integration problems which eventually
lead to less clashes and claims. At finishing point of the building, the client can utlize as-
built BIM model for facility management. On other hand, the monetary advantages of
BIM are less instantaneous for the designing consultants. BIM essentially produces
noteworthy realistic obstacles to the design professionals. We can say that the
consultants should switch to advance tools, provide training to peoples, and title holder
the use of BIM to be spirited in relevant designing department. On the whole, it is
evident that no monetary advantages are present for the designers so they have less
motivation to entirely switch to BIM tools, as it may increase their possible professional
liability. Only for the reason that they can get huge information from the BIM model, it
may not essentially mean that designers will be satisfied for the information. The
designing consultants are presently encountering unbalanced rewards for BIM (too much
liability without any return) (Leon L. Foster, 2008).
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2.4.6 Need for BIM Specific Contract Documents

The requirement of customary contract and bidding documents to tackle BIM is
hindering its adoption. BIM specific contract and bidding documents carry out following
three purposes: firstly, supplies arrangement for project; secondly set up agreement
allowance of responsibilities and an incorporated affiliation among risks assumed,
dispute resolution, and indemnity; and thirdly decrease manual input in certifying the
risks, duties and liabilities of the stakeholders involved in the project. As design liability
insurances do not obstruct a joint BIM atmosphere, industry standard agreements appear
to do so. Present standard contracts visibly divide, identify, and assign roles and
liabilities between project parties. Present contracts stands on a legal system that
distinguishes designer, as a consultant, and civil works, as a legal, contractual and
agreement compulsion. Typical contracts imagine the incorporation of designing data
into tools of consultancy. These are provided to the owner for use by the contractor.
Owner is required to stand for the sufficiency of the documents. More and more data is
swapped by electronic means, however the distinction between consultants and
contractors continues. Althrough the electronic exchange of consultancy data, the “hard
copy” is pointed to as the scheming data. For a “joint information and joint risk”
condition, this present conduct is seen as useless and deficient. While BIM conduct
paying attention on utilizing BIM tools by a combined panel, the capability to depend
upon the data restricted in the BIM library is necessary. Contracts lacking information on
the allocation of liability and the aptitude to depend upon the common catalog cannot be
applied for project to promote BIM adoption. With the development of BIM adoption,
legal and contractual advancement is also required to fix due and collective liability for
the gang of design data, permit justified dependence on the data, allocate the liability of
sharing, revising and finalizing the information, and sharing profit according to the
liability of information provided into BIM model. Several essential required for
successful delivery of project change with the adoption of BIM. It will take time to
develop Contracts that allocate risk, responsibility and profit according to input required
from each of the stakeholder. Unluckily, according to author’s thoughts, conclusive of
his interviews with the techno-legal division of the AEC that typical AIA bidding
documents with BIM incorporation are not seen to be devolved in near future. Some
more years will be required to do so, even after the finalization of roles and responbilities
of the parties. (Leon L. Foster, 2008).
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2.4.7 New Form of Business

At present in America, the AEC professionals are not ready to completely utilize
the rewards VDC modeling. EPC and design-built firm are only present BIM users. In
rest of the word, different designing and construction entities make joint ventures and
consortiums among themselves with joint exposures and rewards. In America, on the
other hand, business relations that would permit joint liabilities share and working
motivations are young. This type of teamwork cannot be easily attained by organizations
having conflicting backgrounds and financial benefits, in anticipation of its occurs,
designing organizations will carry on to obtain a advantage that is excessively small in

comparison to their input. (Leon L. Foster, 2008).

2.4.8 Risk Allocation

Leon L. Foster (2008) explain this issue, the use of BIM considerably changes the
associations between project parties and intermingles their risks and responsibilities. Our
legal system, nevertheless, assumes a less joint environment with clearer explanation of
liability. As we move forward with BIM projects, risks will need to be to be paid
sensibly, based on the profit a party will be getting from BIM, the skill of the party to
through the risks, and the aptitude to absorb the risks through insurance cover or some
other means.

As confirmed in the start, BIM is a instrument. Modern progresses in technology
have made BIM easy to get to and applicable to the work of all stakeholders of a project
team. The utilization of BIM will inevitably change the ways projects are envisaged,
designed, coordinated, communicated, erected and constructed. On the other hand, the
middle responsibilities of the affiliates of the project players will not change.

Whether the design is delivered in the shape of 2D printed documents or a 3D
digital medium or in blend of both, the roles of the members of the project team remain
unchanged. It is very significant to recognize the difference between design and
coordination. Creation of a compound (coordination) model does not require or succeed
a design that is expressed in 2D printed form. When a contractor or construction manager
develops a “3D coordination” model, the BIM instrument is completely similar to a light
table used in the past to overlay mechanical and electrical drawings. Recognizing the
soundness and worth of the information in any BIM is the liability of every project team

player that operates it.
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Contractors and construction managers require understanding that coordination,
whether through BIM technology or a light table, is their core service to the project. It is
a fact, based on consequences from Sprint Center Arena case study, BIM coordination
enhanced communication, which decreased construction cost and time, thus reduced
overall risk. As the leaders of construction coordination, contractors and construction
managers have the responsibility to give confidence and facilitate the sharing and
distribution of BIM technology on a project. Appropriate contract language will guide
the open sharing of information between team members. In addition, the design teams
must also identify the benefits of sharing all available electronic information with the
whole project team. Subcontractors are still accountable for fully conveying their
interpretation of the design intent to the design team. They also must synchronize their
work with that of other subcontractors by sharing electronic information they have
developed in file formats that can be used and combined with the work of others (Leon
L. Foster, 2008).

According to Zijia Liu (2010) two major obstacles had blocked the
implementation of BIM. The first obstacle is that the legal responsibilities among project
participants in which BIM practice have not been grown-up enough. Users favor to use
BIM internally for the first a number of BIM projects or they develop a lonely BIM
before they have the potential to handle an integrated environment. The second difficulty
lies with the training costs related to use these programs. BIM tools are complex and

require professional teaching to master the realistic jobs.

2.4.9 Concerns about software limitations or complexity

Digital architectural data must contain sufficient information to cover a buildings
whole life cycle, from design to analysis, construction, inspection and facilities
management. This would need the development and acceptance of complete standards
for many types of data; however some observers are hopeful enough to propose that such
complete standards will eventually exist (International Association for Interoperability,
98).

The lack of interoperability whole standards and the resultant loss of efficiency in
the process industry had been considered in the billions of dollars every year and in the
end drove members to build up and accept the Standard for the swap over of Product
Model Data (STEP) (Stumpf, Ganeshan, and, Lui, 96). Such sufferers from the un-

standardized character of AEC computer practice are understood. It is predict that the
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exact nature of the standards will turn into less important than the simple need for their
survival.

The processes industry concerns with BIM cannot be completely understood
without discussion on the idea of interoperability. According to a research by the
Structural Engineering Institute of ACSE and the Structural Engineers Association of
Texas, the chief criticism is broke interoperability of different suppliers’ parametric
modeling (BIM) tools. Interoperability is the capacity to manage and communicate
digital product and project information among project stakeholder firms. The capacity of
different software tools to use, edit, coordinate, supplement, and swap over information
depends upon universal standards for telling construction elements and systems.
According to The National Institute of Standards and Technology estimates that $15.8
billion is worn out yearly due to inadequate interoperability (Gallaher and O’Connor,
2004). As revealed in Figure 2.1 the concept of BIM interoperability and integrated
process for data exchange across the AEC industry is a best approach to reduce the waste

at present experienced in the U.S. AEC Industry (Leon L. Foster, 2008).
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Figure 2.1: BIM, Interoperability and Integrated Processes (Young, 2007)

2.4.10 Institutional Education

Dean (2007) carried out a research study to scrutinize if BIM should be taught as
a subject to the construction management students. He conduct two questionnaire
surveys targeted at general contractors and ASC construction management programs in

the Southeast. Based on the collected data, he concluded in general that construction
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management programs should teach BIM to their students. The major reasons behind this
conclusion were:

Approximately 70% of the industry stakeholders indicated that they are either
using or bearing in mind to use BIM in their groups. This trend indicates that the BIM
deployment in the construction industry is going to increase.

About 75% of survey participants think employment candidates with BIM skills
to have an advantage over candidates who lack BIM knowledge.

In another study, Woo (2006) pointed out that properly structured BIM courses
would provide industry-required familiarity to prepare students for flourishing careers in
the AEC industry. Instead of teaching a separate course, he recommended to reconfigure
the existing construction courses to incorporate BIM into the course contents (Azhar at
el, 2008).

2.4.11 Aesthetic Considerations

Design consultants will be reluctant to use the computer as is it likely that
insufficient expertise in its use, will reduce their design diversity. The attentiveness
among construction designers, that the computer inflicts an obstacle to creativity, has
been borne out by the responses of the respondents in this research (Leon L. Foster,
2008).

2.4.12 Sub Consultants are unaware of BIM

Out of all engineers the Mechanical and Structural Engineers are the most likely
to recognize modeling in BIM format. Although Engineers are also likely to see the lack
of incentive for implementing the BIM process into their firms. Like Architects,
Engineers will use less time documenting the project and more time dedicated to design.

Real Designs will work with you to help decide all BIM design issues within the
project. BIM/IPD can really help organize the design and where issues will be once the
building is being set in place. It is great for help with simulation and analysis of
different parts of the project as well as reducing the confront of losing intellectual
property and liability issues. Using BIM can definitely help decrease the amount of
project design errors which therefore speed up the productivity in the field and get the

job done more professionally.
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2.5 APPLICATION OF BIM

BIM processes are readily being adopted in the countries of first world order and second
word order like Sweden, USA, UK and Canada. Following are the applications for which
BIM has been adopted in different parts of the world by different stakeholders to

optimize their profitability and performance.

2.5.1 3D Coordination

BIM models are produced, to scale, in 3D space; all major systems can be
visually checked for interferences. This process can confirm that piping does not overlap
with steel beams, ducts or walls (Azhar at el, 2008).

After all building systems are created in 3D and incorporated into BIM, these
systems are then merged. All utensils, fixtures, furniture’s, pipes, conduits, structural
members, cable trays and other building machinery are checked through “clash
detection” tools to find out and resolve clashes before systems are constructed in the
building. Some early cases have shown an 80% decrease in field-related questions and
clashes due to this exact use of BIM. As shown in Figure 2.2 all mechanical, electrical,
plumbing, fire protection, structural, and architectural systems are integrated before they
are made-up and fitted in field (Leon L. Foster, 2008).

Figure 2.2: Systems Coordination (Mortenson 3D Image)
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Teamwork of the construction team with the architect, engineer and the owner is
favored to be started on early stages of design phase. At that time, the Building
Information Modeling shall directly be implemented. If the architect is only providing
2D drawings, then the construction manager should translate the 2D drawings to 3D
intelligent models. When the specialty contractors, particularly the MEP contractors and
the steel fabricators are concerned, they need to spatially integrate their work. The 3D
coordination can be started right after the model is created to make sure that any same
space interference (hard clash) or clearance clash (soft clash) conflicts are resolved. On
the whole, the coordination efforts of construction manager and specialty contractors in
advance of construction assist to decrease design errors tremendously and to better
understand ahead of time the work to be done. For example, Research 2 Tower Project
for Colorado Denver Health Science Center renowned itself with the implementation of
BIM in comparison to Research 1 Tower project which had major complex mechanical
system problems. The BIM usage for Research Tower 2 incorporated 3D MEP
coordination as shown in figure 6, work planning for concrete placement, and assembly
instruction models. The benefits for Research 2 project included 37% decrease in

coordination RFIs, and 32% decrease in coordination change orders (Young, 2009).

Figure 2.3: Layers of Complex Systems at Research 2 Tower Vivarium (Young,

2009)

2.5.2 Design and Constructability Reviews

Constructors use BIM as a method to provide support to the design team and to
offer “built ability review” in which a diversity of means and techniques are examined
and veteran to make sure the design can be constructed at site and meet end schedule and

cost. Frequently, BIM points out errors and oversights in the planning and design, and
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can assist with probable alternate solutions while shielding the original design intent

(Leon L. Foster, 2008). Figure 2.4 shows the design visualization of structural

components.
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Figure 2.4: Design Visualization of Structural Components (Mortenson 3D Image)

2.5.3 4D” Scheduling and Sequencing

Andreas Winberg and Erik (2010), narrates that conventionally the construction
phase time plan has been envisaged by a Gantt chart which has linked the diverse
activities to each other. In a big project there are thousands of different activities that are
connected to each other in different ways. As the number of activities increase the
understanding of the construction phase time plan will decrease. This in turn can lead
complexities to see which collision a certain work task has on the project. When using
BIM it is possible to connect the construction phase time plan to the BIM model. The
different construction components will have different internal pecking order. You cannot
do a certain activity before others, and e.g. you cannot cast concrete before excavation,
building formwork and installed the reinforcement. The information in the 4-D model
can be visualized in a simple and intuitive way. This in turn will increase the
understanding of the construction phase time plan and which impacts a deviation from
the time plan will cause on the project. The 4-D model also has benefits when it comes
to:

» Communication, the planer can with the aid of the model visualize different

phases in the execution. This can be convayed to the construction site work
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teams but also to other stakeholders in the project. It will also be likely to use
the model to visualize how a difficult activity ought to be constructed.

» Multiple stakeholders, the model can be used to aid the communication
between the project crew and laypersons e.g. what impact the execution will
have on the access to different key institutions.

» Site logistics, the 4-D model can be used to incorporate temporary
construction components. E.g. lay-down areas, lodging roads or places were
to store large equipments as a screen.

» Trade coordination, a 4-D model may understand information about expected
time and space flow of trades on the construction site. This in turn facilitates
planers to see possible bottlenecks.

» analyze the working progress, by using an up-dated 4-D model the planer can
simply check whether the execution of the project is running on schedule or
behind (Andreas Winberg and Erik 2010)

2.54 “5D” Cost Estimating

BIM software(s) have built-in cost estimating features. Material quantities are
extracted automatically and changed when any changes are entered in the model (Salman
Azhar at el, 2008).

A BIM model can also be directly linked to an estimation program, i.e. an aid
software / program for the BIM modeling program that is described on estimation tasks.
By using this type of program the planers will be able to relate the constructions
components and its assemblage with the resources that is required for execution, e.g. a
cast of a specific concrete slab requires three skilled workers, a concrete truck with its
accommodation road, eight square meters of formwork, quality check on concrete
etcetera. By using this instrument the planer will be able to evaluate different
construction set-ups. This in turn opens up the possibility to optimize the production
phase, e.g. through assemble adequate size of a work crew, co-operating material flow or
planning the work so the heavy machinery, such as wheel loaders, will be utilized as
much as possible (Andreas Winberg and Erik 2010).

Mehmet F. Hergunsel (2011) explains use of cost estimating in BIM, The two
main rudiments of a cost estimate are quantity take-off and pricing. Quantities from a
Building Information Model can be exported to a cost database or an excel file.

However, pricing cannot be extracted from the model. Cost estimating needs the skill of



24

the cost estimator to examine the components of a material and how they get installed. If
the pricing for a certain activity is not obtainable in the database, cost estimator may
need a additional breakdown of the element for more accurate pricing. For instance, if a
concrete pour activity is taking place, the model may report for the level of detail for the
rebar, wire mesh, pour stop, formwork, concrete etc., but not include it as part of the
quantity take-off extraction. Cost estimator may need this level of detail from the model
to figure out the unit price which comprise of the unit material cost, unit labor cost,
overhead and profit. The unit labor cost is driven by the mobilization and execution
durations, and the labor wage while the unit material cost is the amount of the material
costs used for the activity per unit. Once the unit price is reached, the cost of the whole
activity can be attained by multiplication of the total quantity extracted from BIM and
unit price.

In Building Information Model, the data output is as accurate as the data input. It
is considerably important to have the contractor and the designer to agree on component
definitions. For instance, if an architect is showing concrete slab to show the roof for
modeling intentions, the roof quantity information will not be accurately accounted for
quantity extraction purposes in the model. In general, the BIM expertise is a great tool to
optimize the efficiency of the estimators through quantity extraction from the model
particularly if the construction and design team work collaboratively (Mehmet F.
Hergunsel, 2011).

2.5.5 Integration of Subcontractor and Supplier Data (“6D” Procurement)

The greater part of complete data that is included into BIM comes from
fabricators, subcontractors, suppliers, and vendors who usually would supply “shop
drawings” that detail accurately how they would carry out the design intent in
manufacture and fitting. At the present with the use of BIM, there is barely ever one
Model. Typically many models are shaped by several line contractors. As mentioned
before, the model manager would be legally responsible to offer a platform to join
multiple models shaped in different design softwares into one file, to be viewed as one
integrated BIM model. This is where the initial advantages of visualization,
coordination,conflict detection, and specific trades’ scope separation and examination are
found (Leon L. Foster, 2008).

According to chapter seven of The BIM Handbook, when using BIM, as

discussed in 2.5.2 Designers, the designers will enhance the quality of the design
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documents. This will facilitate more prefabrication off-site because the BIM model
contains all the vital details of every element in the construction. There are three
different kinds of prefabricated building components:

»  Made-to-stock, e.g. reinforcement bars, standardized pipes of different

types and other building elements that has its own standard.

» Made-to-order, e.g. ventilating fans and other building elements that is
made for a extensive market segment.

» Engineered-to-order, e.g. pre-cast concrete pieces and other building
components that is specially made by a subcontractor to fulfill a specific
function.

The first two types of prefabrications will not be effected by BIM in the same
degree that the third; Engineered-to-order (ETO). The subcontractors and fabricators that
provide ETO elements will have an motivation to begin their work with BIM; by
working with BIM they can expand their business (The BIM Handbook).

2.5.6 Prefabrication

Andreas Winberg and Erik (2010), narrates that to construct prefabricated
construction components there are explicit demands on the design documents, as well as
it needs complete planning and coordination between the all stakeholders. Some of the
rewards of using prefabricated construction components are:

» Reduce risk; prefabrication is favored with regards to the large risk of

shortcomings in an onsite fabrication relative to prefabrication.

» Time optimization; the construction components may be fabricated in
advance and be delivered to the construction site just in time for the
installation of the prefabricated component.

Furthermore a fault in an offsite fabrication, contrast to an onsite fabrication, will
have lesser impact on the construction time which is linked to the construction cost.
When using a BIM model in the design phase the accuracy in the design documents will
increase, this in turn will direct to:

» Increased contribution, the experience and information from the fabricators

can be used in initial phase to confirm and validate the model. Particularly,
when it comes to particular construction components that can be

prefabricated.
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» Enable prefabrication in bigger extent, since an precise model does not omit
any sections, the constructor knows how every construction element shall be
constructed Andreas Winberg and Erik 2010).

Pipe manufacturing company could use BIM to collect coordinated piping
locations, lengths and sizes for its fabrication software as long as the interoperability is
achievable. This allows in-wall drops together with hot, cold, drain/vent, vacuum, etc. to
be prefabricated. The drops usually stick out a foot from the wall to provide connects to
the horizontal branches over the ceiling. Additionally, if a pipe requires to be weld, they
must come at convenient sections. Pipes normally come to jobsite 5 to 10 feet sections.
Welding small sections of black iron pipe with four inches or bigger diameter would be
possible to weld offsite whereas two 10 foot sections welded offsite would not be
convenient. Also, offsets and joints would prefer to be prefabricated. Overall, it is idyllic
to prefabricate all the small pieces in a controlled environment with readily available
apparatus which would yield more professional, higher quality, and less costly products
(LeBlanc, 2010).

Difficult steel joints generate in Building Information Model can be welded
offsite. The welding of these small intricate elements in advance of steel erection can
save time and capital. Furthermore, BIM helps to appropriate modify designs to eradicate
or reduce use of beam penetrations that may result from MEP clashes. A few beam
penetrations may become inevitable for complex project. A good coordination of these
penetrations with BIM technology supports determining the beam penetration positions
and prefabricate offsite. Prefabricated beam penetrations would set aside tremendous
time, money and effort in contrast to onsite beam penetrations. Furthermore, roof
penetrations for concrete rooftops shall be sleeved prior to concrete pour at the roof
level. Supplemental steel for each penetration may be desired. These penetrations can be
synchronized with BIM when the specialty contractors are on board (LeBlanc, 2010).

Walls, rooms, and houses can be digitally designed and constructed with Building
Information Model. These walls, rooms and houses can be prefabricated with roughed
mechanical, electrical, plumbing (MEP) components. Final MEP connections can be
prepared once the prefabricated components are assembled onsite (Mehmet F. Hergunsel,
2011).
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2.5.7 Structural Analysis

Parag S. Kulkarni (2007), elaborates the use of BIM model for structural analysis
and constraints linked with the such use, as following.

Since the last five years, BIM (Building Information Modeling) is in the glare of
publicity in the architectural ring and is also building headway into the structural
designer’s territory. Several BIM uses for structural engineering are accessible, including
Revit Structure, Bentley Structures, and Tekla Structural. Since architects and designers
are the ones at the top in the construction food chain and they gain the most from BIM,
down-the-line structural engineering companies are almost force into adapting this new
technology. If the building project has to be made easily exchangeable among the
architect/ designer and the structural engineer, it has to be on an interoperable platform
for flawless information exchange.

Going through the latest software versions existing today, | find that flawless
BIM software integration with structural analytical software is part hype and part
essential. Let us see how. In the current circumstances, BIM rests at the heart of the
process, and in which structural analysis is an offshoot of the larger method But on the
other hand, for structural engineers, structural integrity is the most vital aspect of all the
project aspects that can be dealt with by using BIM.

Conceptually, the architect develops the model with the help of BIM software,
passes it on to structural engineer who runs it in an “external analytical engine.” The
model is “updated” and sent back to BIM, which is then utlized to take the project until
completion. But there are limitations in the process. The incorporation of BIM with
analysis tools does not run as smoothly, or in some cases, it simply does not run at all. In
order to identify potential errors, one has to be aware of the inward-outward file sharing
among the BIM application and analysis instrument and vice versa. When information is
transferred from a BIM application to an analysis tool, it is done by means of “bridging”
software. But a BIM model at any phase has numerous entities that are not accepted as
they are not required in analysis. For example, masonry walls present in a BIM model
but they are neither accepted by the analysis tool nor are they necessary to be modeled,
as in most cases, masonry walls are plain line loads on the structural member.

In addition to elements not being accepted, distortions can also occur, such as the
one given in the Figure 2.5 below. The top image depicts a Revit Structure model, which

comes from one of the tutorials built-in with the application. The lower image displays
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the model distortion that takes place when the model is opened in ETABS. The distortion
can be corrected, but is a distortion none the less. Perhaps as in medicinal commercial
that contain warnings and cautionary notes, we also need to mandate warnings from our
software vendors about the shortcomings in their applications. Any error that has gone
ignored, particularly in a building structure, can put public safety at a larger risk (Parag
S. Kulkarni, 2007).

Figure 2.5: Distortion in structural elements

2.5.8 Lighting Analysis

A process in which systematic modeling software, utilizes the BIM design to,
decide the performance of a given lighting system. This can also take account of artificial
(indoor and outdoor) and natural (day lighting and solar shading) lighting. Based on this
analysis, further improvement and refinement of the lighting design takes place to create
effective, efficient, ambient and constructible lighting systems. The use of this analysis
instrument allows for performance simulations that can significantly enhance the design
and performance of the facility's lighting over its lifecycle. It also enhances the quality of
the design analyses and reduces the cycle time and cost of the design analyses
(http://bim.psu.edu/Uses/Lighting_Analysis.aspx).
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2.5.9 Mechanical (HVAC Analysis)

BIM can actually reduce errors made by designing team as well as the contractor
team (including Subcontractors) by permitting the use of conflict detection where the
computer really enlightens team members about parts of the building in clash or
clashing, and through complete automated visualization of each part in relation to the
entire project. BIM also offers enough information for building performance examination
and evaluation, which is of huge importance for sustainable building design. BIM also
offers precise and very dependable data about the building, faced, the structure, the
materials used including sustainable aspects such as green building design and day
lighting simulation (Leon L. Foster, 2008).

2.5.10 Energy Analysis

With BIM, much of the data desirable for supporting performance analysis is