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Abstract

The AEC industry in the world faces many problems regarding contract disputes
and miscommunication between contractors and clients when it comes to any
construction project. Manual studying of such mammoth documents when referring to
any part of the building is a major challenge to the contractor, and it is an unreliable
traditional method that needs to be made efficient and digitized. So, incorporating this
issue we developed a prototype within the BIM environment to mitigate the problem of
contract disputes by digitizing it in a Revit 3D model and connecting all related clauses
to its relevant structural items. To achieve this objective, we will be developing a plugin.
For the development process, Microsoft Visual Studio is used as the programming
platform and Revit API is used as the programming interface that is provided by
Autodesk. C# is the programming language used for coding in Visual Studio for plugin
development.

The BIM Contract Information System plugin (BIM-CIS) was developed for
integrating related clauses with the 3D model and digitizing the contractual work in
the construction industry. This plugin takes data manually as we have to first add all
the contractual clauses and details in the 3D model and when it is completed it can be

viewed directly by just a simple click on any item in the model.

This project will have a lot of impact on the AEC industry, especially for the
contractors and the BIM users, as it provides solutions for contractual disputes and
links contracts with the drawing model. This is also useful as it gives information
about the contractual clauses related to every item and helps to integrate it with

drawings.

Vi
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Chapter 1

1. Introduction

1.1 Preface

With ever increasing demand of AEC (Architecture, Engineering and Construction) industry, it
has always been difficult to keep pace with contract details because of segregated contract storage,
contract language and limitations of contract clauses, shortcomings of contract control during
execution, setbacks and faults in contract approvals and contract signatures and overlooked
important dates and workflow tasks (Heck 2022). As a result of broad technological advancements
in AEC industry to handle contract issues, BIM (Building Information Modeling) is anticipated as
potential implementation environment. There is a trend of developing plugins to enhance BIM
execution in handling modern construction issues. The way of information generation and
management, communication between the team members has seen a change due to BIM.
Previously, BIM protocol utilized 3D,4D,5D modelling. However, the integration of the model
with technical specifications of the contract is a major area of concern. The contradictions between
contract and execution can be overcome by aid of a plugin that integrates contract clauses to real
life 3D model of the structure in BIM environment. This provides additional information about
structural members of BIM model without skimming through contract details. It makes the
execution process time saving and economically efficient. Through better coordination and
control, any amendments or changes can be made during the execution phase avoiding risks of
being faced with serious consequences. More than 70% of construction organizations in the AEC
industry have an underachieving development. This is because of quality issues, cost overruns and
prolonged projects that can develop into disagreements if they are not fixed. One of the major
causes of the issues mentioned earlier is negligence to technical and particular specifications
mentioned in the contract. Details mentioned in contract may be neglected that may lead to
disapproval of the deliverable or entire re-construction causing a lot of disruption and delay in
project. The probability of disagreements in construction projects is increasing and it is casting an
undesirable effect on the AEC industry. The value of the mean worldwide AEC disagreement is
USD31.7 million, it lasts up to 12.8 months. Moreover, indirect costs of un-productivity, stress
and fatigue, revenue reduction, discredit are generated (Gibbs, Emmitt et al. 2014). Furthermore,
resources apart from the AEC industry remain used to resolve the clash resulting in money

migrating to other sectors. Disagreements rise from the construction industry’s inadequacies but
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Chapter 1

there has been little improvement even with the publication of various papers which admitted the
sector’s leftover area. The UK has defined some objectives to bring about positive change, BIM
is one of them(Government 2012). Through this environment, an immense amount of knowledge

can be gathered at a single platform which can be accessed by all stakeholders electronically.

BIM has attained worldwide recognition, improvement and has decreased the number of
stays and disagreements in the AEC industry. It is arguable that the BIM has been restricted
by distinguishable hurdles to its adoption, and some of them can be controlled by contract
document (Chan, Olawumi et al. 2019). The aim of this project is to pave the way through
integration of contract clauses incorporating technical and particular specifications into
BIM software for smooth flow of data throughout the execution phase. Any sort of
information needed about a certain building member can be accessed through a single click
rather than going through every huge pile of contract documents. Technical and particular
specifications of a certain structural or non-structural member is attached manually to 3D

model and progress is monitored throughout the project lifecycle.

1.2 Problem Statement:

A contract contains a lot of specifications which sometimes can reach up to several hundred
pages. It contains all additional information including general and technical specifications
associated with members or components of structure focused by the project. The contract
must be consulted while reviewing/inspecting various components of the project. This
process is sometimes hectic. Engineers, technical staff and consulting agency may have to go
through multiple pages to reach out the details of intended building component. Having
information about a certain task prior to construction is vital for quality assurance and quality
control. Moreover, the item must be completed in synchronization with the respective
clause/specification. This problem can be solved by using Plug-in (Add-on) in BIM
environment. The software named Autodesk Revit and developed plug-in BIM-Contract
Information System (BIM-CIS) will be integrated. It will be used to link the contract
specifications with their corresponding components in the 3D Model. It will enable end user
including stakeholders and construction team members to access information about any

component by just a single click. This will lead to a lot of benefits that will make management
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of construction projects easier. The contractor can plan the project without consulting the

contract and the client can arrange materials according to it.

1.3 Objectives

The objective of this project is:

» To develop a BIM based Contract Information System (BIM-CIS) plugin for enhanced

management of contracts involved in a project.

1.4 Research Significance

The motive behind the advancements in construction industry is to make tasks easy to handle and
manage those tasks effectively. Increased use of BIM (building information modeling) in
construction industry has started the process of evolution and development of new techniques and
plugins. The major concern of integrating the contract clauses to model of the structure is dealt
with by aid of such plug-in. It will ease the contract management and avoid future disruptions or
lag in the project due to any sort of legal or managerial issues regarding contract, since entire
additional information would be in reach of all stakeholders involved in the project through
electronic mediums. Moreover, project focuses on enhancing the Revit’s technical role and the
user interfaces, other aspect of project includes the importance of plugin development on the main
procedures of Revit plugin. Additionally, in future we can explore connecting such methods with
contracts and Revit. It suggests the essential changes required to assist the incorporation of such
developments within the industry and emphasize their influence on the authorized and contractual
features. This plugin will integrate contract clauses with the designed model of the structure. Users
can access each minor detail about a certain component of the structure through a single click. It
paves the way of implementing the contract without any confusions or contradictions regarding a

certain member mentioned deep inside the contract details
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2. Literature Review

2.1. Background

Success of any project is directly connected to how well the contract has been written. Civil law
governs contracts for construction work. The contract contains important and supplementary
terms. Construction contracts' relationship to several fields, including law, construction,
management, and so forth, is the fundamental issue. Each of those circumstances needs to be
assessed and clearly laid out in the contract. Construction contracts become a multimodal and
complex document as a result. It is vital to conduct a structural study of the building contract
before drafting it. This article's objective is to propose a model of information system whose
primary function is to facilitate the preparation of construction contracts by providing a tool for
contracts structural analysis. Specialized information systems for preparing construction contracts
allow for the collection of large amounts of relevant data, the implementation of specialised
models for contracts evaluation, as well as the ability of using accumulated knowledge in many

contract-related domains.(Trinktiniené and Trinkiinas 2014)

In construction projects, the client pays the contracting team in installments as per the contract for
the task done so far, so that the contracting team may invest in the resources needed to finish the
project. After the client has accepted the contractor's prerogative for the value of the progress, the
progress payment is given. When the imbursement circumstances of the contract document are
unclear, discrepancies between the employer and the contractor may occur(Choi and Kim 2016,
Abotaleb Ibrahim and El-adaway Islam 2017). Through BIM it is now possible to use new
technology to improve the conservative construction progress imbursementnt method. Building
informatmodelingling (BIM) enables the digitization of building information and also project
collaboration platform for integrating and merging contract documents, including the managing

of payments.(Chong, Fan et al. 2017)
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2.2 Importance of Contract Management

The construction industry is a competitive and complicated environment where people with
several skills, perspectives, and levels of construction procedure knowledge coexist. Participants
from a different professions are present in this complex world of construction, and each intends to
maximize the use of their own knowledge while pursuing their own objectives. Nonetheless,

conflict and dispute are two different notations, according to (Fenn, Lowe et al. 1997).

Conflict occurs whenever there are competing interests. Conflicts can not be avoided in the
construction sector due to different ideas presented by different members. Conflicts quickly
develop into differences if they aren’t addressed with proper supervision. One of the biggest
problem that stops a construction project from being finished are the disputes and issues within

the organizational members (Cakmak and Cakmak 2014).

In order to finish the construction project on time, within subjected finances, and with the essential
level of quality, it is very important to understand the main reasons that why such disputes happen.
Construction industry experts often unclear about the distinctions between disagreement and
dispute, and this is especially true in the construction business according to (Acharya, Dai Lee et
al. 2006).

Number of hazards occur when a project is being done. These hazards are some time from
contracts and can impact seriously on the performance of the project. These issues can be resolved
by proactive communication, and they can stop them by warning each other to upcoming risks,
therefore, the inclusion of early warning clauses in the contract provisions is essential.(Elkhayat
and Marzouk 2022)

The creation of contracts is not an easy task, rather one can call it a hectic job that needs athorough
grasp of the type and provisions of the construction project. Any construction contract must have
reasonable provisions which account for each party's obligations and risks. Disputes and claims
come from a lack of comprehension and implementation of the commercial agreement. Thus, a
well-written contract helps in the project's efficient delivery and completion. Contractual
standardization helps in making similar relations and clauses that both teams will settle on.
(Elkhayat and Marzouk 2022).
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2.3 Contract Disputes

According to common consensus, contracts are a significant source of conflicts since their
terminology can be confusing. The contracts are likely to be more complex as a result of the rise
in complexity in the nature of work. Change orders are necessary for a project to be successfully
completed because the construction industry's nature makes it impossible to determine the full
scope of work at the time of tendering. The owner's changing requirements and subsurface
conditions are frequently unpredictable, which results in additional effort. In residential
construction projects, extra work is known to be a major source of disagreements, especially when
the owner/engineers and the users are two separate entities. Although only the owner and his
engineer are entitled to speak with the contractor because they are parties to the contracts, potential
users occasionally make ideas to the contractor directly that result in disagreements.(lyer,
Chaphalkar et al. 2008)

2.4 Problems in construction related to Contract documents

Construction projects range from homes to motorways, hospitals, and many more types of
buildings. It is one of the greatest revenue-producing sectors in the global economy. Several other
associated industries are created as a result of it, including those in steel, concrete, lumber, carpet,
furniture, paint, paving, mining, and shipping, to name a few. Yet because the construction sector
Is so complicated, a lot of things can affect how a project turns out. The difficulties involved in
managing building projects progressively worsen as they get more intricate. Opportunities exist
for people interested in the industry, and there is a great need for qualified construction
managers.(Dmaidi, Mahamid et al. 2016).
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The inadequacies in contract papers that result in disputes were the key problems that drove the
development of the current system. Even while having a failsafe contract would significantly

lessen complications, it is almost impossible to have one.(lyer, Chaphalkar et al. 2008).

2.5 Advancements in contract management

BIM technology has been around for approximately 50 years in one shape or another. Researchers
at Georgia Institute of Technology introduced the theory of BIM to the AEC sector for the first
time in the late 1970s. The clearest example of their research's impact on industrial technology
development comes from Autodesk’s introduction of the CAD concept (AutoCAD) in the early
1980s. This was followed by Graphisoft, who debuted their first "Virtual Building Solution” (now
known as ArchiCAD) in 1986. This marked the beginning of the "revolution™ in software that
allowed architects to produce virtual 3D blueprints of their projects as opposed to the conventional
2D drawings ) (Bataw, Kirkham et al. 2016)

Smart contracts are computer protocols that make the negotiation or performance of a contract
easier, more accurate, or more enforced, or that do away with the need for a contractual provision
altogether.(Szabo 1994)

The idea of writing the contents of an agreement into a tangible object stands in stark contrast to
the usual paper contract, which, once agreed upon, is typically only referred to as a reference when
the parties are at odds.(McNamara and Sepasgozar 2018)

2.6 BIM concept and modelling

AEC firms who use the most recent technology will put themselves ahead of the competition since
they are eager to use and adapt to new technologies in a highly competitive sector. Construction
industry is one of the fastest growing in US, European Union, and the other countries in the world.
It is expected to change traditional methods to automation methods and it is still in its starting
phases in the AEC industry. As an outcome, it is important as well as highly obligatory to make
and implement methods and technological advancements within the AEC sector. In this way, the

construction industry has the probable to honestly change the construction industry. One of the
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most important and auspicious developments in the AEC sector is the use of building information
modelling (BIM) as a tool to administer data digitally. This is due to the fact that BIM, which uses
a method to manage construction design plan in a digital format to use it during a project's useful
lifecycle, constitutes a paradigm change.(Alizadehsalehi, Hadavi et al. 2020)

Computer Aided Design (CAD) provides provisions the representation of elements in building as
to be constructed in 3D. BIM is generally understood as a tool that is termed as to describe a
variety of activities in the construction industry. In AEC industry BIM refers to a set of
technological advancements and resolutions that are intended to improve collaboration within
organizational setup. This increases the efficiency and the project becomes productive by
enhancing design, construction, and maintenance practices (Miettinen and Paavola 2014).

Building information modelling (BIM) and sustainability studies have gained traction over the
past few years as a result of the growing demand for construction industry. Although some studies
have examined the development in these two areas independently, they have not addressed the
significant connections between them or examined how they have progressed together over
time.(Al Hattab 2021).

There are many well-established Building Information Modeling (BIM) tools that may be useful
in specific applications. Nonetheless, problems with adoption and execution still exist, especially
when using BIM tools on-site during the construction process. We provide an empirical case study
of how a cutting-edge "Site BIM" technology was applied to a significant hospital construction
project. The project's principal contractor created BIM-enabled tools that site employees could use
to obtain design information and record data about the quality and progress of their work while on
the job. According to accounts, "Site BIM" was developed through an informal prototype process
that was exploratory and emergent, despite being considered successful and actively supporting
users. Rather than using formal procedures, the construction project absorbed technical IT abilities
through informal arrangements and partnerships. Employees on the construction project drove

implementation rather than the corporate IT function(Davies and Harty 2013).
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2.7 Role of BIM in effective Contract management

Building information modelling (BIM) is a technique and a technology that has altered the
conventional building procurement procedure. Contractual standards for BIM implementation are
lacking in third-world nations, which slows and complicates the adoption of BIM. Past studies
have discovered a gap in the contractual ties, roles, and hazards that follow(Mosse, Njuguna et al.
2020)

BIM has always continued to develop clear improvements and always supported AEC industry.
BIM users will need to go through a well-organized process of change which encompasses their
internal organizational borders with other clients and suppliers. Model below shows the
improvements in UK which is shown by UK department of Business innovation and skills (BIS).
This model shows 3 levels out of which major industry is in level 1 which few have entered level
2 and 3(Institution 2016).

Level 0 i Levell | Level2

Maturity Life cvele % Data

iBIM l\l“"ugt‘mc""" ;

i, Processes

Drawings, | Models, Objects,
Lines, Arcs, elc. | collaboration

Integrated,
Interoperable data >

(

-l - -

Figure 2.1: BIM improvements in UK

Currently, from a broad perspective, building information modelling (BIM) technology
development and application start slowly in our nation, construction practices are imperfectly
scaled, system , policy and regulations have not yet been made so it needs to be developed. At
the intersection of the new information age of blockchain security, cloud computing, and
intelligent society the aim is to carry out the historical goal of BIM technology diffusion (Yang
and Liao 2016).
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BIM encourages multidisciplinary integration, yet, it has been challenging to promote the
effectiveness of BIM deliverables because the industry's current legal frameworks are
insufficiently designed to support the practice principles behind BIM. Evidently, BIM won't
provide its notable advancement above conventional practice procedures until the problems
associated with its legal frameworks are clarified and made to be more useful for contract
administration and procurement. A technique to change current technical operations (and
commercial processes) in the fields of architecture, engineering, construction, and facilities
operations is provided by building information modelling (BIM). Published data strongly suggests
that BIM improves project results and contractual relations, this represents a significant divergence

after common difficulties (Olatunji 2014).

2.8 Problems in using BIM in contract management

Building information modelling (BIM)-enabled building projects provide a number of advantages
that have drawn much recent attention. Yet, during practical deployment, BIM-based contract
monitoring and lawful issues have emerged as critical concerns for all concerning parties, and
there are still a lack of efficient contractual frameworks to mitigate contractual problems and

thorough investigations.(Fan 2020)

A way to change current practical processes in fields of architecture, engineering, construction is
provided by building information modelling (BIM). Published data clearly indicates that BIM
improves project outcomes and contractual relationships, as though this marks its significance
from issues.(Olatunji 2014)

The information and data that we collect allowed us to identify financial advantages and
productivity as well as experience of our team on BIM. This collection of experience of the project
participants as a team allowed for the definition of the decision-making process before
commencement of work on BIM to start different projects. The implementation of BIM urgently
calls for the making of useful tools for exchange of information between different software
paraphernalia, enabling well-organized and direct management and checking processes between
project team and other officials that are hired on a specific project. (Migilinskas, Popov et al. 2013)
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Delay in construction increases as the time passes and the deadlines that are set forth, get missed
as written in contract or later again set by the contractor for project delivery. As the project is
running behind the schedule, we see that it is actually a typical issue in almost every construction
project. For the client this means so much, loss of money and potential stakeholders is one of the
issues. Furthermore, these delays cause increased overhead costs and this later results in overhead
expenditures for the contractor. With money having worth related to time, the delay causes high
labor and construction costs. Delays can often result in increased overhead expenses for the
contractor due to extended work periods, higher material costs due to inflation, and higher labor
costs (Assaf and Al-Hejji 2006).
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3. Methodology

3.1. Introduction

The research methodology that was adopted in this study is discussed and explained in this chapter.
It will include complete understanding of how the problem was identified to be solved and how it
was solved to get the output that was required. Firstly, the research gap was identified by literature
review and then the BIM contract Information System (BIM-CIM) was developed. The followed
plugin was developed using C# language and on Visual Studio platform by Microsoft. This
working was done via REVIT API that is developed by Autodesk Studio to develop plugin for
REVIT.

3.2. Parameters and tools

The following table discusses about different parameters and tools used to achieve the success of

different aspects involved in the project.

Table 3.1 Parameters and tools

Parameters Targets
BIM platform Autodesk REVIT 2023
Integrated development environment Microsoft visual studio 2019
Programming language C#
Database configuration Revit directory
Project template Class library
Software development framework .NET framework
References Revit API .dll
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3.3. Research Design

The following flowchart is a structured approach that outlines the step-by-step process for
development of required plugin for managing contract effectively. The flowchart provides a visual
representation of the methodology, illustrating the sequential flow of activities and decision points
involved. The methodology consists of several steps, each serving a specific function and
contributing to the overall outcome. It begins with problem identification through literature review
and finding the gap in industry. After gap in the industry was established, criteria for contract
details were evaluated to determine the appropriate interface for the plugin. It was found that there
are three different types of contract specifications used on the field including general, particular
and technical specifications.

The services, resources, and supplies known as general conditions are those that contractors in
general offer to guarantee that projects are finished as planned and according to the drawings.
They cover expenses for managing the site, the project, handling the materials, and picking up the
garbage. The term "Particular Conditions of the Contract" refers to clauses that are unique to a
project and the nation in which the work is being carried out. They are usually used for the
addition, omission, and alteration of the contract's general conditions. Technical specifications are
created to ensure uniformity and to give guidance to building contractors on how the work should

be done, the caliber of the construction, and methods of quality assurance.

The development of plugin was carried out in visual studio using C# with Revit APl (Application
Programming Interface) provided by Autodesk. De-bugging and Refactoring was done to
eliminate flaws in the code. Finally, plugin file was obtained in the form of .dll file and loaded

into the Revit as an add-in.

Finally plugin was tested in Revit model by adding all the specifications and displaying them one
by one. Plugin was working fine. This resulted in successful integration of contract details with

Revit 3D model in BIM environment.
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Problem Statement
literature Review

Research gap
Problem Identification

Solution Development

Interface Development

Solution Develpment :
Coding on C#

LEGEND

D Process Box

O Decision Box REVT202: | REVIT plugin
6 Database H

General Clauses ontract Defails
Manual Input
BIM Model on REVIT 2023

Particular Clauses

® Build/Debug Technical Clauses

End Terminator

Extensible
Storage

Testing Plugin

Implementation on BIM model

Figure 3.2: Research Design

3.4. Programming

Since the plugin was developed through programming so it needed some specific programming

language to be used and some other technical terms which made the process of coding possible.

Following details explain all the data and terms that were used in our programming language.
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3.4.1 C# Programming Language

Microsoft created the contemporary general-purpose programming language known as C#
(pronounced "C sharp™). Since its initial release in 2000 as a component of the.NET framework,
it has grown in popularity due to its ease of use, adaptability, and durability. The development of
a variety of applications, including desktop software, add-ins, WPF forms, web applications,

games, mobile applications, and business solutions, is frequently done in C#.
Following types of programming structures can be made through it:

e Object Oriented Programming (OOP)
e Syntax and Structure
e Integrated development environment

e .NET framework

3.4.2 REVIT API

A collection of classes and methods known as the Revit API are made available by Autodesk, the
mother of all BIM software and modules. Through the useful functions of the Revit API,
programmers can add to and alter the functionality of Revit by creating their own programs,

plugins, or scripts.
The Revit API has the following salient features:

The Revit API is available via the.NET API and is primarily intended to be used with the.NET
framework. As a result, programmers can create code using managed languages that are
compatible with the.NET framework, such as C#.

3.4.3 .dll Extension

The file type known as ddl (Dynamic Link Library) is frequently used in Windows operating

systems to store and distribute resources and reusable code that several programs can utilize
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simultaneously. It is a kind of binary file that includes functions, data, and other resources that can

be dynamically linked to an executable program at runtime. It also contains compiled code.

Here are some crucial things regarding dll:

Dynamic linking: At runtime, dll are loaded into memory and linked to an executable
program, enabling the executable program to use its resources and functionalities. Program
can utilize dll without having to physically include their code in the executable thanks to

dynamic linking.

Functionality Extension: By adding new features like custom controls, data processing
algorithms, device drivers, or plugins, dll can increase an application's functionality.
Applications can be adaptable and readily include new features by dynamically loading dll

rather than recompiling.

3.4.4. Class Library

Our project was made in Template of Class Library .NET FRAMEWORK to work on the coding

process. This is a type of template that divides the various functions of modules that are
generally used in programs. It also does work of taking load that is unknown when starting

application.

3.5. Development of BIM Contract Information System (BIM-CIS) Plugin

3.5.1 BIM platform

As rapid advancement and development have been done in BIM and ICT for extensive
reasons and objective, regarding AEC industry, with respect to sustainability, project

control techniques and others. By using BIM, we have to link contract with Revit Model

Autodesk Revit 2023 will be used for modelling of building, and Plugin usage in the end
which would be linked with BIM model. Our main concern is with Autodesk Revit 2023
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as plugin would be integrated there which is our objective. Revit is used to build
architectural, structural model which is then linked with the plugin and contractual clauses

were added.

3.5.2 Plugin Development

In the second phase, plugin was developed for Contract management in Autodesk Revit
2023. A detail study was done to understand the problem in relating contracts with
drawings and a solution adopted to it was to develop a plugin within BIM environment to
support our problem and link it with construction industry. BIM software APl were
studied and BIM Contract Information System plugin was developed. Most BIM software
has an API that may be used to enhance it features. A commonly-used programming
language (i.e. C#) was used to create the plugin using Microsoft Visual Studio using .NET
frame work(.NET). A data connection was made within Revit data library where Revit

saves its work and data such that contractual clauses have to be saved somewhere.
3.5.3 PLUGIN Design Code

The plugin programming was done in C# language on Visual Studio Platform as shown in figure
3.8.

BIM_CIS

BIM_
~ ) OnStartup(UIControlledA|

ateRibbonPanel(tabName, "Cor

AssemblyPath,

d, text, AssemblyPath,

n27  Ch10  SPC IF

Figure 3.3: Plugin algorithm
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3.6. Technical Conditions output interface in code

The GUI of the plugin during test run is shown in Fig 3.4

BIM CSViewerxaml « X ¥

Figure 3.4: GUI during test run

3.7. GUI of Plugin

Following Figure 3.10 shows the graphical User Interface of the developed plugin in Revit 2023

environment.
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GG Archifecture  Structwe  Steel  Precast  Systems et Amofale Analyze Massing & Site  Colaborate  View  Manage  Add-ins  BIM.CIS  Modify | Structural Rebar

Edit General Edit Particular Edit Technical Show General Show Particular Show Technical ImportGUID

Conditions

Figure 3.5: GUI of BIM-CIS plugin
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3.8. Plugin evaluation and validation

In the last phase, the plugin was checked, tested and validated for its defined functions and
objectives.

As we have to link the contractual clauses with the Revit model, a small scale model (MCE
Concrete Laboratory) was developed for this purpose to apply it on a real life problem and

try to link the clauses. The structure included architectural and structural aspects.

Following image shows a Revit model in figure 3.6.
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Figure 3.6: Revit BIM
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4. Results

4.1. Introduction

In this chapter, the working of BIM-CIS plugin will be shown to enlighten the usage and
functionality of plugin.

Pre-requisite steps before use of plugin:

e 3D model was developed in Autodesk Revit including architecture and structural model.
e Data was transferred to Autodesk Navisworks and scheduling was done.
e Contract of the structure was studied and understood.

e Model was shifted from Navisworks to Revit to add clauses with each component.
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Figure 4.1: BIM model in Revit
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The model shown in figure 4.1 is a single-story building with an approach road. 3D model was

designed in REVIT.

4.2. General Conditions

BG- 2SR SAOAN -0 gl Autodesk Revit 2023 - biliaL0O001.0001.rvt - Structural Plan: Lower roof siab <38 R siom v @ - - F X
ccure  Stucwre  Steel  Precast  Systems  Insert  Annotate  Anshze  Massing & Site  Collaborate  View Manage  Add-dns  BIM.CIS  Mooify | Strucural Rebar (D)
Edit General Efll Particular Edit Technical Show General Show Particular Show Technical ImportGUID
Conditions
tural Rebar
Properties X 4 B0} B Lower roofsiab X x
| | \
Structural Rebar (1) - | B Edit Type =3 - o X o= F = -Floor Plans
. . [ Foundation
rent General Conditions [ Grounn
N Select New File L] Lower roof slab
_ [ 1 Roof Slab
L1 site
= Ceiling Plans
| S
[ Foundation
; 3 croun
N '
* — | =
ng 2 mm

(ETENT * ; - - ;1 i & Sections (Building Section)
Ve Visioity States cdi \ F5] Legends
Structural ® [ Schedules/Quantiies (all)
Reinforcement V . [ER Sheets @l
Dimensians & T - — - (=8~ lies.
A - [@] Groups
8 A 85 Revit Links
-
£ m 7
Properties help 10 D& e o ARl -

Structural Rebar : Rebar Bar: #3

i

e N

Figure 4.2: General Condition Selection

By clicking the “Edit general” option a dialog box will open where we will select a file that is to

be loaded in the project as shown in figure 4.2.
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Figure 4.3: General Condition Updated
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After clicking select new file option, update it and select the pdf file from your computer or any
other database that comprises of general conditions related to the project. Then add the file and

select update button. The file will be updated as shown in figure 4.3.
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Figure 4.4: General Condition Displayed

Refer to figure 4.4, for displaying general conditions, select “show general” from menu bar and

open the file attached. PDF will open up in PDF viewer and conditions can be viewed and

consulted.
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4.3. Particular Conditions

Now for particular conditions click on the button “edit particular” in menu bar. An interface will

appear with various options as shown in figure 4.5.
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Figure 4.5: Particular Conditions box

Consult the contract and add details of particular conditions one by one and save the conditions

to a file. as shown in figure 4.6.
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Figure 4.6: Particular Conditions Update
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Now, for displaying particular conditions, click on “show particular” button and conditions will

appear in a tab just besides REVIT model as shown in figure 4.7.
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Figure 4.7: Showing Particular Conditions

4.4. Technical specifications

Now, the most important aspect regarding execution of project is being discussed that is the
technical specifications. The third and main part of plugin is addition of technical specifications.
Technical specifications comprise of description of technical aspects such as strength and shape
of a material, manufacturer, and related clauses. For adding technical specifications, click on “edit
technical” button. An interface will appear with a library of all the items used in the project. Select

and item and double click to add it on the interface. Then add details as shown in the figure 4.8.
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Figure 4.8: Selection of component for technical conditions

After adding the data, click on the save button and technical specifications of the component will

be saved as door in this case.
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Figure 4.9: Addition of Technical specifications
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Now for displaying technical specifications, click on “show technical” and take the cursor to the

components that were selected while adding technical data and click on the component, The

technical specifications will appear as shown in figure 4.10.
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Figure 4.10: Showing Technical specifications
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Refer to figure 4.11 the cursor is depicting the family and type of steel bars before use of plugin.
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Figure 4.11: Before use of plugin

After use of plugin, details of component mentioned in the contract can be visualized as shown

in figure 4.12.
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Figure 4.12: After use of plugin
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4.5. Importing the schedule from Navisworks

There is a very useful tool added in the plugin that it can link the schedule from Navisworks and

update it on Revit model. It will help users to see the planned dates and actual dates anytime for
that item to be built. Use the add-in ProTech JSON to import schedule in JSON format as shown
in figure 4.13.
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Figure 4.13: Navisworks environment with loaded model and activity

The initial testing model as described previously was added in Navisworks and activities were
defined as well as the scheduling was done. Each activity was given a time span to complete and
important timelines were added. A JSON file is created using a plugin which is to be imported in
Revit environment to schedule it. Export the schedule in JSON format as shown in figure 4.14
below.
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Home Viewpoint Review Animation View Output BIM 360 Render

ProtoTech JSON
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Figure 4.14: Proto tech Json plugin is used to create JSON file

Refer to figure 4.15 below, schedule has not been imported yet and dates tab is blank.

HBEecHG-5-2-aR@H=2-FoAl6 - oE LS = Autodesk Revit 2023 - bilsl0001 00010003 - Sructura Plore Lower roof slab _ & x
BN irhecu  Suctre Sedl Brecmt Spems e dnvotste Ansle Moming®See  Colsbomte View  Monage  Add-ns  BALCE  Modty|SucumlRebar  (o1e
< Ewech - @ 2 . FRE 1117
TEEREEE T
B ™ yaw za b i LT B g WL me
Seet = Proputies_ Clghonrd e ok oty Ve Muors  Coste | Prsstation) (Cisiomiasion
Modiy| Stuchual Rebr
3 oo 8 towe oot b X #amcs x
27072
Component Reinforcement bar
Related Clause 2235
Mat Properties fy=60ksi. coated at both ends.
Manufacturer Mughal steel
Deseription

60kst bar with bending at the end.

Tnstance Parameters
Planned Start
Planned Finish
Actual Start

Actual Finish

Must Finish By

o DG M o mETE < >
Structursl Rebar : Rebar Bar: 53 & 0NN | i 4ok I oy )
(] [ dy & & o) mg 2

Figure 4.15: Select any item in Revit (Steel has been selected here)
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Open the BIM-CIS plugin and import GUID from the JSON file exported from Navisworks as

shown in figure 416.

QoG5 & BB HE-FOA 6O G Autodesk Reit 2023 - bial0001.0001.0003 - Sructurai Plarc Lower rocf slab _a %
Avchaecis Swsture e Drscast  Synems e Aot Coliborste View Mamage  Addins | BACIS | Moty | Stuctum Rebar | Ge

it General Ecit Partcular Edit Techrical Show Geners! Show Particular Show Fechi

Condiions
Modify | Stractural Rabar
€ pop ) Lower roof siab X ST x
327072
Component Reinforcement bar
Related Clause 233
Mat Properties fy=60ksi. coated at both ends.
Manufacturer Mughal steel
Description

60ksi bar with bending ar the end

Instance Parameters
Planned Start
Planned Finish
Actual Start

Actual Finish

Must Finish By

=T TR N-T ok
Glick o seect, TaG for aherstes CTRL s, SHIFT unosects. & = T

Figure 4.16: Select “Import GUID” option

Locate the JSON file exported from Navisworks and click open as per the figure 4.17.

Autodesk Revit 2023 - Project Main Fie - Structural Pler Lower roof sleb 08 Ramsn W @ -ax

Manage  Addine  BIMCS  Moddy

I Schedule 1SON

100 D10 L MED 0 TS <
Click 10 salect, A for lternates, CTRL ackd, SHIFT unselects. v o @A P

4.17: Selection of JSON file
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Selecting this file will load the activity dates that are linked in Navisworks and it will add in the

Scheduling menu in the Technical details box as shown in figure 4.18.

HUicHG & 0 SF He-»0A 6 oFERa - £ 2023 - bl 00D 901,000 - Siructural P roat iab &
[T e ——— Symems n o

327072
Component

Related Clause

Instance Parameters

Planned Start 1272023

Planned Finish 20272023

Actual Start 122023

Actual Finish 20212023

Must Finish By 2/2/2023 12:00:00 AM

v & P O RS < 5
Structural Rebar : Rebar Bar 53 & io BA N O

Figure 4.18: Dates are shown as attached to activity

After we are done our model is now linked with contract as well as with the schedule. We have
integrated both options in Revit environment to provide ease to contractor as well as to client,
which shows that BIM is changing life in AEC industry
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5. Conclusion

5.1. Introduction

In this section these is the conclusion and recommendation portion to the research. Important
findings and the significance of the project with the academia and with the construction industry.

5.2. Conclusion

BIM has grown in popularity across the globe as a means of enhancing productivity and
minimizing delays and disputes in the building sector. However, it might be claimed that
perceived obstacles to BIM adoption, some of which could be removed by a building contract,

have hindered its acceptance.

The goal of this project is to clear the way for a smooth flow of data during the execution phase
by integrating contract terms that incorporate technical and specific specifications into BIM
software. The current investigation possesses an intelligent BIM plugin that will provide and
assist the contractors for effective understanding of contracts in construction projects. BIM is
basically the digital explanation of every aspect of construction activity. It can lead to time
saving and cost effectives in the project lifecycle. Progress is tracked throughout the project
lifespan as technical and precise requirements of a specific structural or non-structural member
are manually applied to the 3D model. . Instead of shifting through every mammoth stack of
contract documents, all information needed on a certain building member may be accessible with

just one click.

5.3. Important Findings
AEC industry is facing challenges in managing contract details which is a major issue in causing

of disputes. This challenge was tackled using BIM environment and Revit was selected to lessen

the disputes in drawing. Since neglecting technical and particular conditions and specifications
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in contract in construction industry can lead to major disputes. BIM adoption has significantly
reduced the disputed in many things in construction industry so plugin was developed and

integration in Revit provided its possible solution.

5.4. Significance for Academia

The project involves the development of BIM based Contract Information System (BIM-CIS)
plugin. This process entails research and development activities, which can contribute to the
academia as well as software development field in software engineering. This project can help
academia understand methodology, algorithms and techniques used in plugin development as well
as provide an understanding to develop practical solutions for BIM. It will help researchers to get

into the next dimension of construction industry disputes and work on contract dispute gaps.

5.5. Significance for AEC Industry

This project has a significant role in AEC industry as it will facilitate a convenient access to
contract information and improves overall project management. This project gives a streamlined
approach to contract management as links every contract specification to the corresponding
component in 3D model. It will further help to address the contradictions and the discrepancies

minimizing the rejection and disputes.
5.6. Limitations

*  The plugin can only work on x64 based system.

*  The plugin will only work on Autodesk Revit 2023 and above.

« Data entry is manual which is time consuming.

» Item Library has to be updated
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5.7. Future recommendations

Although the primary features and functionalities of the plugin have been thoroughly described
earlier, there is still potential for improvement. The current study, as well as the application it
generates, can be further enhanced for contract information management by introducing Al
(Artificial Intelligence) to the system. Through Al, manually entering the details of contract in the

plugin can be minimized.
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