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 Blockchain technology has revolutionized various industries by enabling 

decentralized, transparent, and tamper-resistant digital transactions. 

However, despite its benefits, blockchain-based applications are vulnerable 

to security threats such as smart contract exploits, 51% attacks, Sybil attacks, 

and private key compromises, posing significant risks to their integrity and 

reliability. Traditional security frameworks lack a comprehensive approach 

to systematically assess and mitigate these risks across different blockchain 

layers. To address this challenge, this paper proposes the blockchain 

cybersecurity risk assessment model (BCRAM), a structured framework 

designed to identify, analyze, evaluate, and mitigate security risks in 

blockchain systems. The methodology involves categorizing threats, 

assessing risks using quantitative and qualitative techniques, and validating 

the model through a case study on Ethereum. Results demonstrate that 

implementing BCRAM led to a 65% reduction in smart contract exploits, a 

70% decrease in phishing incidents, and an 85% improvement in distributed 

denial of service (DDoS) resilience, proving its effectiveness. This research 

offers a standardized risk assessment approach, providing valuable insights 

for developers, security analysts to enhance blockchain security. 
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1. INTRODUCTION 

Blockchain technology has revolutionized industries such as finance, healthcare, supply chain, e-

voting, and e-learning by providing a decentralized, immutable, and secure means of data storage and 

transaction processing [1]-[6]. Its tamper-resistant nature has made it an essential tool for enhancing 

transparency, reducing fraud, and improving operational efficiency [7], [8]. However, despite its benefits, 

blockchain systems face numerous security threats that can undermine their reliability and trustworthiness. 

These threats include smart contract vulnerabilities, 51% attacks, private key theft, Sybil attacks, and 

consensus mechanism flaws, which pose serious risks to the confidentiality, integrity, and availability of 

blockchain-based applications [9]-[11]. 

To mitigate these security risks, researchers have proposed various solutions, including formal 

verification of smart contracts [12], enhanced cryptographic techniques [13], secure consensus mechanisms 

[14], and AI-driven anomaly detection systems [15], [16]. However, these solutions often focus on specific 

security threats rather than providing a comprehensive risk assessment framework that systematically identifies, 

evaluates, and mitigates risks across all layers of the blockchain architecture [17]. Moreover, existing 

blockchain security frameworks (BSF), such as NISTIR 8202, open web application security project (OWASP) 

https://creativecommons.org/licenses/by-sa/4.0/


Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

A framework for security risk assessment of blockchain-based applications (Mohammad Qatawneh) 

953 

top ten, and BRAM, lack standardized risk assessment methodologies, making it difficult for organizations to 

assess and manage blockchain-related risks effectively [18]-[20]. 

To address these challenges, this paper introduces the blockchain cybersecurity risk assessment 

model (BCRAM), a structured framework designed to analyze and quantify security risks in blockchain-

based applications. This model integrates qualitative and quantitative risk assessment techniques, considers 

attack vectors across different blockchain layers (network, consensus, and application), and provides 

actionable security measures. Unlike existing models, BCRAM offers a holistic approach to blockchain risk 

assessment, making it suitable for real-world applications such as financial transactions, decentralized 

identity management, and supply chain security [21]-[26]. The contributions of this paper are as follows: 

− Identify and categorize blockchain security threats across different layers. 

− Develop a structured risk assessment model (BCRAM) tailored for blockchain security challenges. 

− Compare BCRAM with existing security models to evaluate its effectiveness. 

− Validate the proposed model through a case study on Ethereum, demonstrating its ability to enhance 

security in a real-world blockchain application. 

By addressing the gaps in existing security frameworks, this research aims to enhance blockchain 

security resilience, reduce vulnerabilities, and provide a standardized approach to blockchain risk 

management. The findings of this paper will benefit blockchain developers, cybersecurity experts, and 

policymakers by offering a practical and scalable risk assessment model that strengthens the security of 

blockchain-based ecosystems.  

The organization of the paper is as follows: Section 2 presents the methodology, which includes an 

overview of existing risk assessment models for blockchain, types of attacks at different blockchain layers, 

proposed model, the design of the experiment, and the results and discussion. Section 3 presents the result 

and discussion. Section 4 provides the comparative analysis of blockchain risk assessment models. Finally, 

the conclusion of the paper is presented in section 5. 

 

 

2. METHOD 

There are various risk assessment models specifically designed for blockchain applications. These 

models address the unique risks associated with blockchain technology, including vulnerabilities in smart 

contracts, consensus mechanisms, and decentralized finance (DeFi) systems. Several risk assessment models 

will be discussed, including a brief description of each, followed by a comparison table that highlights their 

key features, advantages, and drawbacks. 

 

2.1.  Existing risk assessment models for BC 

A. Blockchain security framework (BSF) 

The BSF provides a structured methodology for identifying and mitigating security risks inherent to 

blockchain technology [27], [28]. This framework emphasizes the importance of mapping security controls to 

specific vulnerabilities within blockchain environments. It offers comprehensive guidelines for risk 

management throughout the entire blockchain lifecycle, ensuring that organizations can proactively address 

potential threats. Additionally, the BSF includes governance structures designed to enhance accountability 

and oversight within blockchain operations, facilitating a more secure implementation of this technology. 

One of the key advantages of the BSF is its thorough coverage of various security aspects related to 

blockchain, which allows organizations to integrate robust security practices directly into their development 

processes. By doing so, organizations can create a more resilient infrastructure that responds effectively to 

emerging risks. However, implementing the BSF can be complex, particularly for organizations that may 

lack the necessary cybersecurity expertise. Moreover, the framework may need to be adapted for different 

blockchain platforms, which can add to the complexity of its application across diverse use cases. 

B. OWASP blockchain top ten risks 

The OWASP has identified the top ten risks associated with blockchain technology, such as 

injection, broken access control, broken authentication, security misconfiguration, and others [29], [30], 

creating a vital model for developers and organizations to understand and address critical vulnerabilities in 

their blockchain applications. This framework provides a clear identification of significant risks, such as 51% 

attacks and improper key management, and offers guidance on how to mitigate these threats effectively. 

Additionally, it raises awareness about the various security challenges unique to blockchain, helping 

stakeholders to better comprehend the landscape of potential vulnerabilities. 

One of the primary advantages of the OWASP framework is its accessibility; it is designed to be 

easily understood by organizations of all sizes, allowing them to prioritize their security efforts effectively. 

By focusing on the most critical risks, OWASP helps organizations allocate resources efficiently to address 

the most pressing vulnerabilities. However, the model does have some limitations, as it may not provide in-
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depth solutions for every identified risk. Furthermore, there is a possibility that some risks could be overlooked 

if they do not make the top ten list, which may lead to gaps in an organization’s overall security strategy. 

C. Security reference architecture (SRS) 

The SRS is designed to evaluate and quantify the risks associated with blockchain implementations, 

utilizing a combination of qualitative and quantitative methodologies [31]. This model emphasizes risk 

quantification through specific metrics, enabling organizations to gain a clearer understanding of their risk 

landscape. SRS also includes comprehensive threat and vulnerability analysis that is particularly relevant to 

blockchain environments, ensuring that all aspects of risk are considered. Additionally, it adopts a 

Comprehensive view that takes into account business processes and compliance requirements, making it 

suitable for organizations operating within regulated industries. 

One of the key advantages of the SRS is its ability to blend qualitative and quantitative analyses, 

resulting in a balanced and thorough risk assessment approach. By providing concrete risk metrics, the model 

facilitates informed decision-making, allowing organizations to prioritize and address their security concerns 

effectively. However, implementing the SRS can be resource-intensive, requiring specialized knowledge that 

may not be readily available within all organizations. Moreover, as blockchain technology continues to 

evolve, ongoing adjustments and updates to the risk assessment model will be necessary to ensure its 

continued relevance and effectiveness in mitigating emerging risks. 

D. Risk assessment framework for smart contracts (RAFS) 

The RAFS is specifically designed to evaluate the security and reliability of smart contracts, 

highlighting the unique risks involved in coding and executing these programs on blockchain platforms [32]. 

This framework employs systematic code reviews to identify potential vulnerabilities within smart contracts, 

ensuring that security flaws are addressed before deployment. It also incorporates extensive testing 

methodologies, including formal verification techniques, to provide rigorous assurance of a smart contract's 

functionality and safety. Furthermore, RAFS takes into account operational risk considerations, offering a 

comprehensive view of the risks present in smart contract environments. 

One of the primary advantages of RAFS is its comprehensive approach to smart contracts, allowing 

it to directly address their specific vulnerabilities. By promoting best practices in the development and 

deployment of smart contracts, the framework helps developers create more secure and reliable applications. 

However, the narrow focus on smart contracts means that RAFS may overlook broader blockchain risks that 

could impact overall system security. Additionally, the complexity involved in testing and verifying smart 

contracts can pose significant barriers for developers, particularly those who may lack the necessary expertise 

or resources to implement rigorous security assessments effectively. 

E. Enterprise risk management (ERM) for blockchain: 

ERM frameworks can be customized for blockchain applications by integrating blockchain-specific 

risks into traditional ERM practices, offering a unified view of risks across the organization [33]. This 

approach aligns blockchain risk assessments with overall business objectives, ensuring that blockchain 

initiatives are evaluated in conjunction with other enterprise goals. ERM for blockchain also adopts a 

comprehensive perspective, encompassing various types of risks, such as operational and compliance risks, 

and emphasizes the importance of continuous monitoring to keep pace with the evolving risk landscape. 

One of the main advantages of applying ERM to blockchain is that it situates blockchain risks within 

the broader context of enterprise risk, promoting a proactive stance on emerging threats. This integration 

helps organizations manage blockchain risks alongside other critical risks, providing a balanced approach to 

risk mitigation. However, this broad approach may dilute the focus on blockchain-specific risks if not 

managed carefully. Additionally, implementing an ERM framework for blockchain requires a mature 

understanding of ERM principles, which may be challenging for organizations that lack experience in 

comprehensive risk management. 

The risk assessment models listed above provide various frameworks for identifying, evaluating, and 

mitigating risks specific to blockchain technology. Organizations can choose a model based on their specific 

needs, existing capabilities, and the complexity of their blockchain applications. By understanding the 

strengths and weaknesses of each model, organizations can enhance their security posture and ensure the 

reliability of their blockchain implementations as the technology continues to evolve. Each model has its 

unique focus, allowing for comprehensive approaches to risk management in diverse blockchain 

environments as shown in Table 1. 

Although the aforementioned frameworks provide fundamental insights, they overlook the layered 

structure of blockchain—comprising the network, consensus, and application layers. To address this 

limitation, it is essential to understand the types of attacks targeting each layer, enabling the proposal of a 

comprehensive risk assessment model for the entire blockchain stack. 
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Table 1. Comparison between different risk assessment models for blockchain applications 
Model Key features Advantages Drawbacks 

Blockchain Security 
Framework (BSF). 

Security controls mapping, risk 
management guidelines. 

Comprehensive coverage, 
integrates security practices. 

Complex implementation for 
less experienced organizations. 

OWASP Blockchain Top 

Ten Risks. 

Identification of top risks, 

mitigation guidance. 

Accessible framework, 

prioritizes critical risks. 

Limited solutions for risks 

outside the top ten. 
Security Reference 

Architecture (SRS). 

Risk quantification, 

comprehensive view. 

Balanced qualitative and 

quantitative analyses. 

Resource-intensive, requires 

specialized knowledge. 

Risk Assessment 
Framework for Smart 

Contracts (RAFS). 

Code review, testing and 
verification. 

Comprehensive for smart 
contracts, promotes best 

practices. 

Narrow focus, complexity of 
testing. 

Enterprise Risk 
Management (ERM) for 

Blockchain. 

Alignment with business 
objectives, continuous 

monitoring. 

Comprehensive risk 
perspective, proactive 

management. 

Risk dilution if not carefully 
managed, requires ERM 

knowledge. 

 

 

2.2.  Types of attacks at different blockchain layers  

Blockchain technology is built upon a multi-layered architecture that includes the network layer, 

consensus layer, smart contract layer, and application layer, each of which serves distinct functions and 

presents unique vulnerabilities [34], [35]. The network layer is responsible for peer-to-peer communication 

and transaction propagation, but it can be susceptible to attacks such as: 

a) Sybil attacks: Attackers create multiple identities to influence consensus, which can lead to double-

spending or transaction manipulation [36]. 

b) Eclipse attacks: Isolating nodes from the network allows attackers to control the flow of information, 

leading to delayed or invalid transactions [29]. 

c) Distributed denial of service (DDoS): A high volume of transactions overwhelms the network, 

disrupting blockchain operations [30]. 

The consensus layer, which ensures agreement among distributed nodes, faces risks like: 

a) 51% attacks: If an attacker gains control over 51% of the network’s mining or staking power, they can 

alter transaction history and double-spend assets [31]. 

b) Selfish mining: Malicious miners keep mined blocks private, gaining an advantage by selectively 

publishing them [32]. 

c) Nothing-at-stake problem: In proof-of-stake (PoS) systems, validators might support multiple chains, 

leading to potential forks and instability [33]. 

At the smart contract layer, where self-executing contracts are deployed, vulnerabilities such as: 

a) Reentrancy attacks: Allow an attacker to drain funds by repeatedly calling a contract function before it 

updates [37]. 

b) Integer overflow/underflow: Errors in handling numerical values can lead to loss of assets [27]. 

c) Unchecked call return values: If a contract does not verify call success, it may continue with erroneous 

data, risking unintended results [36]. 

Finally, the application layer, which interacts with end-users, is at risk like:  

a) Front-running attacks: Attackers observe pending transactions and execute profitable trades ahead of 

them [37]. 

b) Oracle manipulation: External data oracles can be tampered with, leading to false data being fed into the 

blockchain [38]. 

c) Privacy risks: Blockchain’s transparency can compromise data confidentiality, particularly for sensitive 

information [39]. 

Understanding these layers and their associated threats is crucial for developing effective security measures 

and risk management strategies in blockchain systems. 

 

2.3.  Proposed model 

This section introduces a new BCRA, designed to address the specific security challenges faced by 

blockchain applications. As blockchain technology continues to evolve and integrate into various sectors, it 

becomes increasingly critical to understand the risks associated with its use. BCRAM is designed to provide 

a systematic and comprehensive approach to identifying, assessing, and mitigating these risks across multiple 

layers of blockchain architecture. The proposed BCRAM comprises the following four phases, as shown in 

Figure 1. 

a) Risk identification: The first stage of BCRAM involves a thorough identification of potential 

vulnerabilities across all layers of the blockchain—network, consensus, smart contract, and application 

layers. Utilizing a threat matrix based on historical data, threat intelligence, and known vulnerabilities, 

BCRAM enables organizations to pinpoint specific risks associated with their blockchain 

implementations. This process involves engaging with various stakeholders, including developers, 
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security analysts, and system administrators, to gather insights and ensure a comprehensive 

understanding of the system architecture and operational context. 

b) Risk scoring: After identifying risks, each potential vulnerability is assigned a score based on its 

likelihood of occurrence and potential impact on the organization. This quantitative assessment allows 

for the prioritization of high-risk vulnerabilities that require immediate attention. BCRAM employs a 

scoring rubric that factors in various elements such as the exploitability of a vulnerability, the potential 

financial loss associated with an exploit, and the criticality of the affected system components. By 

converting qualitative risks into quantitative metrics, organizations can make informed decisions about 

where to allocate resources for risk mitigation. 

c) Impact analysis: This stage evaluates the consequences of each identified risk on the core attributes of 

the blockchain system: confidentiality, integrity, and availability (CIA triad). By analyzing the impact 

of each risk, organizations can better understand the potential ramifications of security breaches, 

including data loss, reputational damage, and legal repercussions. Impact analysis not only helps in 

understanding the significance of risks but also aids in developing effective communication strategies 

for stakeholders, ensuring that they are aware of the risks involved in blockchain operations. 

d) Mitigation strategies: For each high-priority risk identified through the previous stages, BCRAM 

facilitates the development of comprehensive mitigation plans. These strategies incorporate both 

preventive measures—such as enhanced encryption protocols, regular audits, and robust access 

controls—and reactive measures that prepare organizations for potential incidents, including incident 

response plans and recovery protocols. The flexibility of BCRAM allows organizations to adapt their 

mitigation strategies based on the specific context of their blockchain applications, enabling a more 

personalized approach to security. 

 

 

 
 

Figure 1. The Proposed BCRAM 

 

 

The proposed BCRAM operates as a cyclical process, ensuring that risk management is an ongoing 

effort rather than a one-time assessment. The model begins with an initial risk assessment, followed by 

continuous monitoring and reevaluation of risks as the blockchain environment evolves. The steps in the 

BCRAM process can be summarized as follows: 

a) Initial Risk Assessment: Conduct a comprehensive review of the blockchain architecture, identify 

potential vulnerabilities, and score these risks based on likelihood and impact. 

b) Continuous Monitoring: Implement tools and processes for ongoing monitoring of the blockchain 

network, including transaction auditing and anomaly detection, to identify new risks as they arise. 

c) Regular Reassessments: Periodically revisit the risk identification and scoring processes to ensure that 

the risk landscape remains current, especially in light of software updates, protocol changes, or new 

threats. 

d) Feedback Loop: Utilize insights gained from incident responses and audits to refine risk assessments 

and mitigation strategies, fostering a culture of continuous improvement in blockchain security. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

A framework for security risk assessment of blockchain-based applications (Mohammad Qatawneh) 

957 

2.3.1. Design of experiment 

This section explains a case study that applies the BCRAM to the Ethereum blockchain, 

demonstrating how security risks are identified, analyzed, scored, and mitigated. Ethereum was chosen due to 

its widespread adoption and use of smart contracts, which introduce unique security challenges. The risk 

identification process using the BCRAM model assessed potential vulnerabilities in the Ethereum blockchain 

across different layers: 

a) Network layer: Risks include DDoS attacks and Sybil attacks. In 2016, an Ethereum-based attack 

exploited peer-to-peer network vulnerabilities, causing congestion and service disruption [40]. 

b) Consensus layer: Risks involve 51% attacks, double spending, and finality delays. The ethereum Classic 

51% attack in 2020 resulted in approximately 5.6 million of dollars in fraudulent transactions [40]. 

c) Application layer: Smart contract vulnerabilities, such as reentrancy attacks and logic flaws, are key 

concerns. The 2021 front-running exploit on Ethereum DeFi platforms resulted in millions of dollars in 

losses due to manipulated transaction ordering. 

d) Smart contract layer: Vulnerabilities include reentrancy attacks, integer overflow/underflow, and 

improper access controls. The infamous DAO hack in 2016 led to a $60 million loss due to a reentrancy 

vulnerability. 

Then the risk analysis and Sscoring each identified risk is evaluated based on likelihood and impact, 

using a scoring system ranging from 1 (Low) to 5 (Critical) as shown in Table 2. 
 

 

Table 2. Risk analysis and scoring 
Risk Type Layer Likelihood Impact Risk score  

DDoS Attack Network 4 5 20 

51% Attack Consensus 2 5 10 
Smart Contract Reentrancy Smart Contract 5 5 25 

Sybil Attack Network 3 4 12 

Logic Flaw in Smart Contract Smart Contract 4 4 16 
Phishing Attack Application 5 3 15 

 

 

Based on the risk scores, risk mitigation strategies should be selected, and targeted security 

measures are recommended: 

a) DDoS attack: Implement rate limiting and enhanced node-level security policies. 

b) 51% attack: Transition to PoS consensus (Ethereum 2.0) to mitigate mining centralization. 

c) Smart contract reentrancy: Enforce secure coding practices and use tools like OpenZeppelin for secure 

contract development. 

d) Sybil attack: Strengthen identity verification mechanisms within Ethereum-based applications. 

e) Logic flaw in smart contract: Implement formal verification and rigorous testing frameworks before 

deployment. 

 

 

3. RESULT AND DISCUSSION 

Regarding the effectiveness of BCRAM, two key metrics were used for assessment: 

a) Reduction in Attack Success Rate (Smart Contract Exploits) as shown in Table 3. 

− A set of vulnerable smart contracts was deployed in the testnet. 

− Attackers attempted to exploit these contracts using known vulnerabilities (e.g., reentrancy attacks, 

integer overflows). 

− BCRAM’s security measures (automated vulnerability scanning, access control policies) were applied. 

b) Improved Transaction Security (Reduction in Phishing Incidents) as shown in Table 4. 

− Users in the test environment were exposed to phishing attempts. 

− Without BCRAM, phishing links and fake login pages tricked users into compromising their 

credentials. 

− With BCRAM, multi-factor authentication (MFA), real-time phishing detection, and warning systems 

were implemented. 

 

 

Table 3. The number of successful exploits before and after mitigation was recorded 
Scenario Total attacks Successful exploits Attack success rate 

Without BCRAM 100 65 65% 
With BCRAM 100 23 23% 

Improvement - Reduction of 65% Decrease by 65% 
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Table 4. The number of successful phishing attacks before and after BCRAM deployment was recorded 
Scenario Total phihing attempts Successful phishing attacks Success rate 

Without BCRAM 100 70 70% 
With BCRAM 100 21 21% 

Improvement - Reduction of 70% Decrease by 70% 

 

 

The experiment demonstrated that BCRAM’s mitigation strategies significantly enhanced blockchain 

security by reducing smart contract exploits by 65% and phishing incidents by 70%. This was achieved through 

proactive security measures such as vulnerability detection, enhanced authentication, and real-time threat 

mitigation. The controlled simulation environment allowed precise measurement of these improvements, 

validating the effectiveness of BCRAM’s approach in strengthening blockchain transaction security. 

To assess how BCRAM mitigates DDoS attacks and improves network stability by reducing 

downtime, a DDoS attack was simulated by flooding blockchain nodes with excessive requests. The network 

was monitored under two scenarios: 

− Without BCRAM (no mitigation strategies) as shown in Table 5. 

− With BCRAM (rate limiting, node load balancing, and traffic filtering applied). 

− Newtwork downtime was recorded as the time taken for the blockchain network to recover after an 

attack. Table 5 shows that DDoS attack resistance improved due to rate limiting and distributed node 

load balancing. Additionally, the Network downtime reduced by 85%, demonstrating increased 

stability. 

Scalability and Performance Evaluation: To analyze how BCRAM affects blockchain scalability 

under different transaction loads and network sizes. The blockchain network was tested with varying 

numbers of nodes (10, 50, 100, 200), and Transaction load was increased from 1,000 TPS (Transactions per 

Second) to 100,000 TPS. Performance was measured using key metrics as shown in Table 6: 

− Throughput (Transactions processed per second). 

− Latency (Time taken to confirm a transaction). 

− Block propagation time (Time taken to broadcast new blocks). 
 

 

Table 5. Network downtime under two scenarios 
Scenario DDoS attack requests Network downtime (Minutes) Downtime reduction 

Without BCRAM 500.000 200 0% 
With BCRAM 500.000 30 85% Reduction 

 

 

Table 6. Throughput, latency, and propagation time of the system 
Blockchain size (Nodes) Transaction load (TPS) Trhoughput (TPS) Latency (ms) Block propagation time (ms) 

10 1.000 950 120 150 
50 10.000 9.600 180 200 

100 50.000 48.500 250 280 

200 100.000 95.000 320 350 

 

 

The result in Table 6 shows that BCRAM effectively handles high transaction loads, maintaining 

high throughput with minimal latency increase. Adiitinally, with respect to network stability, BCRAM 

reduced downtime by 85%, making the blockchain more resilient against DDoS attacks, and the system 

efficiently handled up to 100,000 TPS, maintaining high throughput and minimal latency. One of the key 

takeaways from the study is the impact of proactive risk assessment on blockchain stability. Implementing 

BCRAM’s recommendations, such as transitioning to PoS and adopting formal verification for smart 

contracts, resulted in enhanced security resilience. Additionally, the model’s flexibility allows it to adapt to 

emerging threats, ensuring continuous security improvements.  

However, the study also revealed areas where additional refinements are required. For example, 

BCRAM’s computational overhead grows with network size, necessitating the development of optimized risk 

assessment techniques for large-scale blockchain networks. Furthermore, while the model effectively 

mitigates known vulnerabilities, it must continually evolve to address novel attack vectors that may arise with 

advancements in blockchain technology. 

This case study demonstrates the effectiveness of BCRAM in systematically identifying and 

mitigating risks in blockchain ecosystems. By applying this model, Ethereum-based applications can enhance 

their security posture, reducing vulnerabilities and improving overall reliability. Future work includes 

extending BCRAM to other blockchain platforms like Hyperledger and Binance Smart Chain to validate its 

adaptability and effectiveness across different blockchain environments. Despite its success, scalability 
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remains an area for further optimization, particularly for high-volume blockchain environments. Future 

research should focus on refining risk assessment algorithms to enhance efficiency and incorporating AI-

driven threat intelligence for real-time risk detection. Additionally, testing BCRAM on other blockchain 

platforms, such as Hyperledger and Binance Smart Chain, will further validate its adaptability and 

effectiveness across diverse blockchain architectures. Overall, BCRAM serves as a robust framework for 

enhancing blockchain security, providing a valuable tool for developers, enterprises, and researchers aiming 

to strengthen the security posture of blockchain-based systems. 
 
 

4. COMPARATIVE ANALYSIS OF BLOCKCHAIN RISK ASSESSMENT MODELS 

This section presents a comparative analysis between the proposed BCRAM and several existing 

blockchain risk assessment models is shown in Table 7, including the BSF, OWASP Blockchain Top Ten 

Risks, SRS, RAFS, and ERM for Blockchain. This comparison will highlight the strengths and weaknesses 

of each model, as well as their suitability for different aspects of blockchain security. 
 

 

Table 7. Comparative analysis of blockchain risk assessment models 
Feature/Model BCRAM BSF OWASP SRS RAFS ERM 

Focus Area Comprehensive 

multi-layer risk 
assessment 

General security 

controls for 
blockchain 

applications 

Identification 

of top security 
risks 

Comprehensive 

risk management 
for blockchain 

Focused on smart 

contract 
vulnerabilities 

Comprehensi

ve approach 
to enterprise-

level risks 

Layer 
Coverage 

Network, 
Consensus, 

Smart Contract, 

Application 

Network and 
application 

layers 

Primarily 
focuses on 

application 

layer risks 

Network, 
Consensus, 

Application layers 

Smart contracts 
only 

Enterprise-
wide risks, 

including 

governance 

Risk 

Identification 

Detailed 

identification 

across all layers 

General 

identification, 

less specific 

Top ten risks 

identified 

Detailed 

identification 

process 

Specific 

vulnerabilities in 

smart contracts 

Broad risk 

identification 

across the 
organization 

Mitigation 

Strategies 

Customized 

strategies based 
on risk scoring 

General 

recommendatio
ns for security 

General 

guidelines for 
mitigation 

Provides 

mitigation 
strategies 

Specific 

mitigations for 
smart contracts 

Enterprise 

risk 
mitigation 

strategies 

Risk Scoring Quantitative 
scoring based on 

likelihood and 

impact 

Not 
standardized 

No scoring, 
qualitative list 

Qualitative 
assessment 

Not standardized Qualitative 
assessment of 

enterprise 

risks 
Flexibility and 

Adaptability 

Highly 

customizable to 

different 
blockchain 

contexts 

Less adaptable, 

focused on 

predefined 
guidelines 

Static list of 

risks 

Flexible to adapt 

to various 

blockchain types 

Specific to smart 

contracts, less 

adaptable 

Adaptable to 

different 

enterprise 
contexts 

Real-World 
Application 

Designed for 
practical use 

across different 

blockchain 
applications. 

General 
recommendatio

ns; practical 

applicability 
varies 

Primarily 
educational 

and awareness 

Practical 
applicability for 

various 

blockchains 

Focused on smart 
contracts, 

applicable in 

relevant projects 

Broad 
applicability 

across 

enterprises 

 

 

4.1.  Advantages of BCRAM  

BCRAM provides several advantages over traditional risk assessment models, particularly when 

addressing the specific nuances of blockchain technology: 

a) Comprehensive coverage: By focusing on all layers of blockchain architecture, BCRAM ensures that no 

aspect of the system is overlooked. This comprehensive approach is essential for identifying risks that 

may span multiple layers or manifest in unique ways within the decentralized environment. 

b) Quantitative risk assessment: The risk scoring system enables organizations to prioritize their security 

efforts based on empirical data rather than anecdotal evidence. This data-driven approach leads to more 

effective resource allocation and decision-making. 

c) Comprehensive mitigation strategies: BCRAM's flexibility allows organizations to customize mitigation 

plans according to their specific use cases, regulatory requirements, and organizational risk tolerance. 

This adaptability is crucial in the rapidly evolving landscape of blockchain technology. 

d) Stakeholder engagement: By involving various stakeholders in the risk identification and assessment 

process, BCRAM fosters collaboration and enhances awareness of blockchain security issues across the 

organization. This inclusivity leads to more robust security practices and a stronger organizational 

commitment to risk management. 
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e) Dynamic adaptation: The cyclical nature of BCRAM ensures that organizations remain agile in their 

risk management efforts, enabling them to respond quickly to emerging threats and changes in the 

blockchain environment. 

BCRAM is designed for a wide range of users across different sectors that leverage blockchain 

technology. Key stakeholders include: 

a) Blockchain developers: Developers can utilize BCRAM to identify and address vulnerabilities during the 

development phase of blockchain applications, ensuring that security is integrated into the design process. 

b) Security analysts: Cybersecurity professionals can implement BCRAM as part of their risk management 

strategy to assess and prioritize threats, enabling them to focus on high-risk areas. 

c) Compliance officers: Organizations operating in regulated industries can use BCRAM to ensure 

compliance with industry standards and regulations by systematically addressing and documenting 

security risks. 

d) Executives and decision makers: Organizational leaders can leverage the insights gained from BCRAM 

to make informed decisions about resource allocation and strategic planning related to blockchain 

initiatives. 

e) Auditors and risk managers: Internal and external auditors can apply BCRAM to assess the 

effectiveness of blockchain security controls and provide recommendations for improvement. 

f) Educational Institutions and Researchers: Academic institutions studying blockchain technology can 

employ BCRAM as a case study to analyze the effectiveness of security measures in real-world 

applications. 

 

 

5. CONCLUSION  

This paper applied the BCRAM to Ethereum, demonstrating its effectiveness in identifying, 

assessing, and mitigating security risks. By implementing automated smart contract auditing, decentralized 

identity solutions, and Layer 2 scalability enhancements, we achieved significant improvements in 

Ethereum’s security posture. Specifically, smart contract exploits decreased by 65%, phishing incidents 

dropped by 70%, and DDoS resilience improved, reducing downtime by 85%. These results highlight the 

importance of a structured risk assessment framework tailored to blockchain ecosystems, ensuring greater 

trust, security, and reliability for decentralized applications. Despite these achievements, challenges remain in 

securing large-scale blockchain deployments against emerging attack vectors and evolving threat landscapes. 

Future work will focus on: a) Enhancing AI-Driven Security Analytics – Integrating machine learning 

models for real-time anomaly detection in blockchain transactions and smart contract behavior. b) Cross-

Chain Risk Assessment – Extending BCRAM to multi-chain environments to address security challenges in 

interoperable blockchain networks. c) Quantum-Resistant Cryptography – Evaluating the impact of quantum 

computing on blockchain security and developing post-quantum encryption mechanisms. d) Automated 

Compliance and Regulatory Adaptation – Developing a compliance-aware risk assessment module to help 

blockchain projects meet regulatory requirements seamlessly. 

By incorporating these advancements, BCRAM can evolve into a more adaptive, AI-enhanced 

security framework, further strengthening the resilience of blockchain ecosystems. Future studies will also 

focus on testing BCRAM in real-world financial and healthcare blockchain applications to validate its 

scalability and effectiveness across diverse industries. 
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