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ABSTRACT

With the economy and businesses worldwide increasingly driven by automation and
digitization, there is an enormous amount of digital information and data flooding in
projects. The increasing exchange of digital information and assets without much
regard to contractual requirements has resulted in various data corruption, privacy, and
security issues escalating to claims and disputes. The need for a well-structured legal
and contractual framework is seen as a necessary pre-condition for successful
collaboration in projects. Hence, there is a need to institute reforms in the existing
contracting system to achieve a more efficient, collaborative, and transparent system.
However, little research has been done on the digitalization of the contracting process,
which continues to be traditional. An efficient legal and contractual system requires an
environment that supports trust and sophistication in data from multiple stakeholders.
If the contracts are executed in a transparent and decentralized environment, with due

consensus of stakeholders, then trust is in-built into the system by design.

Blockchain technology is increasingly gaining traction across different aspects of the
business world due to its intrinsic qualities of transparency and security. Consequently,
this research is driven by the motivation to explore how blockchain technology can be
integrated into the current contracting processes. The present study is one of the first to
develop a digital and automated contract management system leveraging blockchain
technology and smart contracts. The research pursues a twofold goal: 1) automation of
the construction contract clauses using blockchain-based smart contracts and 2)
decentralization and automation of the contract implementation system. The
computable contract clauses would enhance certainty and reduce the scope for

misinterpretation and ambiguity for different parties, thereby mitigating many
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afterthought claims. Simultaneously, the blockchain-based decentralized and secured
environment would improve collaboration between the stakeholders, incorporating

transparency and accountability.

The research endeavors to develop a decentralized and automated contract management
system encompassing the following - (1) a decentralized permissioned network of
stakeholders with well-defined roles and approval workflow, (2) automated contract
execution based on pre-defined conditions using smart contract clauses, and (3)
preservation of transaction history integrity with time stamps through a secured
blockchain-based data structure. Design science research methodology is adopted to
achieve the goal. Based on systematic literature review, the problem statement of the
research is defined. Subsequently, the rationale for integration of blockchain
technology into the contracting system is established. Following this, a conceptual
model for the proposed decentralized contract management system is developed
comprising three key features: 1) Automated smart legal contracts, 2) Decentralized
blockchain network, and 3) Digital blockchain platform. The entire system involves
multiple layers of digital and communication technologies which are represented in the
form of an architecture stack. Next, an integrated framework for blockchain-based
contract execution is presented, outlining the process of information exchange and
contract administration throughout all project phases, including tendering, design,

execution, and maintenance.

The practicality, limitations, and advantages of the suggested contracting system are
examined through its application in a real-life construction megaproject case. A
conceptual blockchain network is established, comprising the key project stakeholders,
using a permissioned blockchain architecture. The roles, responsibilities, and access

controls of the stakeholders within the network are defined using the RACI
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(Responsible Accountable Consulted and Informed) matrix. Computable and
automated smart legal contract clauses are formulated for the industry and academia,
focusing on the ‘extension of time, delay compensation, and variation’ that can be

applied to all projects worldwide, regardless of the complexity or scale.

Further, a prototype of the proposed contracting system is developed, showing its
applicability, feasibility, and ease of use. This prototype is then presented to a group of
experts in contract management for megaprojects. Their feedback was sought through
a follow-up questionnaire post-demonstration based on two criteria: user-based
requirements and system attributes. The validation of the prototype by industry experts
confirms the proposed system as a workable solution to enhance cooperation and
improve traceability and accountability. The case study of a legal construction dispute
is used to triangulate the findings and demonstrate the application of the system in early

dispute identification and avoidance.

This study offers researchers, lawyers, and practitioners an insight into the
interdisciplinary confluence of engineering, law, and technology. It offers a novel
approach for future research across a diverse array of sectors and domains. Some of the
perceived benefits of the research are:

e Reduced transaction time and costs by digitization;

e Enhanced security and authenticity;

e Trust distributed equally across the contracting parties;

e Computable and flexible contract conditions;

e Self-executing and transparent payments based on performance;

e Standardized risk allocation; and
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e The ability to trace information and determine accountability in the event of

claims and disputes.

Keywords: automation; blockchain; collaboration; computable contracts; contract

management; digitalization; dispute cause; dispute avoidance; megaprojects; smart

contract; stakeholder management.
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T R SrfeawyT SR a9 deil ¥ e SR fSfTeddiaru gr1 Tafaa
%1 33 &, ST uRarerelt # WY A # fSfoed SHeR ok e | didarets
AR B TRaTg fpu fo fefored e RY 8k uRufal & sgd sieH-
e & URUTHRGRY faftye Ser-gadt, Mu-igar oiR qRem Jadft grey gt 8
T © | URAeHTS ¥ I%hd 9gdi & [T Uh 3@l dig o WRiud S S8R

fqard® aial U Hedqu! TaRaedhdl & | SUfa, TS Hd, TgarTdS 3R
R yure U HRA & o Mier sy ol # GUR H1aRad §1 gTalies,
Tirsfe aigae Yoneh URURe 1 g% §, 3R erIsy Ufthan & Refeeievy R wgd
S MY g3 ¢8| TP HRA BT 3R AfAGIHAD YU & e T aTarerol H
3RS Bl & Sl b5 [FAURD] b Sl H fAY 3R URSHR T FHH BT 81|
gfe el &l feduR®! & IRId Teufd & Wy TRl 3R fad-<iepd ardmeRu
¥ i febar e 8, <t f&ois gr1 Rikew # fayryg sidf-ifed giar 8|

Al a A1 URGRIAT iR R&T & 30 TR o7 & HRUT AR ST &
faflr Tgqeit o oSt & diwfadr s1RId R 61 ¢ | o, I8 XY I8 Ul &=
& foru ORd B 5 sliden - &1 add ey uftharstt § o8 Thighd fohar
ST Il §| aaHM ST sdidbad U] 3R WIE s &1 Y I8Td §T
T f3fiTed SR Tenferd sreY UeeH yume fasmRid d3- ard Ugd Sieqa=i o 9
UH B ST MY P & A& & 1) STho- ARG WIS el o7 SuTT v fmfor
SIS W ST BT WA 3R 2) e BTG YU BT fadeidu 3R T |

TaTerd ey We MfEaar e oiR fafts eff & e ad same oiR srgwan
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DI TS Y H, R fadrg &0 g1 396 I 8, sclldbo-SeTRd
fab=sfipd IR YIEd draraRul URERId 3R SraTecs! $I AT Pd gT
fRAURS] & s FgarT H YR |

i, 39 Y #, g9 Fgfafad & nfid $d g Ue fadb<ied SR Wafad
3FISY T YUTTel fIefid 3 &1 U IR 3@ © - (1) WY ¥7 ¥ IR
Yftrtelt 3R SrgHIeH Ufshdl & A1y fRdURD! &1 U fddhsipd SAfd U
Fead, (2) TE Y WST BT IUUNT Hb Ja-URHINT e Tl & SMYR R
TTferd ey FsaTe , 81R (3) U JRIEM sida- MR ST TRa-T & H1eEd

¥ ST 3RSl DI WA | A& DI U A & o0 30 My H {Serrg faqH
ST Ul BT TN 747 § | RN T YA Sy HarRd Mg THI&m &
YR TR aRHTRG farar mar 8 1 fOhR 3raies el & saife Wit & Tahierum
1 S R o1 71 81 39§16, IRATAd [Adb-sid S Tae Jore
& fore ue Jaies Aisd faw R fovar mar § e & i faivans wnfira & 1)

TG I BT 3EY, 2) fAdb<idd slead Aead, 3R 3) fefred saima
WewiH | R Ried # f$fed ok IR Welififedl o1 o wRd id &, e
3ffcheaeR T & U H =I5 | T TG, ST a--MUTRd ey e
¥ forT ue wied g ukdd fear mr g, e ffaer, feomg, e oiR
TRETd Gigd gyt ufaierHr =aRol & Gemr fafm Sik srey U= ot ufsar &
Ygifhd fbar T gl

AT Seie TRt 3 Saage oo, Wl oik amil @ Preff o<
fore, <9 arafas Sftaw & famfor fmieiee A & @ frar 31 oo dsifs
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sl a Aedd fapRyd fobdr &, fora T Sl U selidba sfifbeder &1
ST axdb UgW URAeHT fauRa! &1 fia fear T g1 RACH (FER
SaTeee IR SR gferd) Bfeed &1 SuanT Aead & iR Rdure! ot yffwrst,
formefeat ok uga Fd=or o ufkuid == & fore foman 81 Taanferd e it
ey TS dOR U MU §, S THT & fOaR, S8 garast iR g firmar W e
Higd B 8, e Sifeerar a1 TaM &1 wRaTe b o gfar R & Wit uRarsrraif
IR AN foar o1 9T § |

URATfdd 3faY JOMell &1 Ueh Uiciergy fasRd foar a, S g9 ey,
Fagridl 3R IUAN H S DI =il 81 fhR $ UICIersy ! fa=ivall & T
qUg & ATH U [T 3R 3! Uldfehan &l AMgs! & YR R YaRH & aIg
UH 3ad YIac & H1egH J Aff 18 STATwdl- UG aaHhdid iR
Rew faRivany | I faRivs gRT MicieTgy &1 T TganT sgH 3R Sarecs!
A YR & N U ATGRING JHYUM & U o Udifad ot &1 g oar g
TR faare uga™ iR URER ¥ YUel & SIVEART 1 4 SHed= HT IuanT
P Uerid fovar g

g 3egg QMudmarsll 3R IAN S Bl oA, S AR URifd &
3ia:favg I H U SIdEfY U $dl ¢ 39d Al Ig fafts UbR & &l |
U™ & I & o U 71 = BHI0T UeH Rl 8 | ST & $8 STHIAd
A E:

o fEfSreefionvur 4 w7 ofR drTd # S,

o R&M 3R WIS | gis;
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o SJEY el T YHH wU ¥ faalkd fayw;

o W-FTE 9 SR e ey

o 9 3R URGRI YTa;

o UFDIHd SIRAH 3Tde; 3R

o TIa1 IR faarel 3 R H TFHRT &1 Ul T 3R Faracg! Fufid a5

DI &
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GLOSSARY

Application Programming Interface: It is a software intermediary with a set of
definitions and protocols that enables different applications to communicate with each

other.

Block: It is the building block of Object-Oriented Programming. It may be a process, a

chunk of data, or a more abstract entity. Object is an instance of a class.

Blockchain: It is a type of distributed ledger technology that uses a sequential and

linked structure of blocks to store data and secure it with a cryptographic hash.

Compiler: A computer software that translates the source code from a programming

language into machine code that can be executed by the computer.

Container: A container is a standalone object that holds everything an application

needs to execute, including libraries, resource files, and configuration files.

Data Model: A data model provides a framework for data, organizes data elements,

and standardizes how the data elements relate to one another.

Distributed Ledger Technology: It is a technology that supports distributed and
decentralized storage of transactions in real-time.

Docker: Docker is a platform designed to help developers build, share, and run

container applications.

Doman-Specific Language: A programming language specialized to a particular

application or domain.

Internet of Things: It is a network of physical devices (embedded with sensors)
interconnected with each other and the computing systems. They communicate and

exchange data with each other using wireless or wired systems.

Object-Oriented Programming (OOP): A computer programming model that
organizes software design around data or objects rather than functions and logic.

Oracle: Blockchain oracles are entities that allow blockchain to connect with the off-

chain data on external systems from the real world.
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Parser: A parser is part of a compiler that breaks source code into small sections of
tokens and analyzes it to ensure that the source code is syntactically correct, meaning

it adheres to the rules and structure of the language in which it is written.

Plug-in: A software plug-in is a type of program module or file that adds functionality

to the software product.

Smart Contract: A software code on the blockchain network that self-executes when

pre-defined conditions are met.

Software Development Kit: A set of software development tools in one installable

package specific to a particular platform.

Standard Programming Language: General purpose programming languages that

can be used across domains. (e.g. C, C++, Java, Python).
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