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ABSTRACT

Introduction: The construction industry is among the most hazardous economic sectors, demanding
innovative approaches to strengthen safety management. Due to its transparency, immutability,
and automated smart contracts, blockchain technology has emerged as a powerful enabler of safer
construction sites. This systematic review is among the first comprehensive efforts to evaluate the
applications of blockchain in construction safety management.

Material and Methods: Guided by PRISMA, comprehensive searches of Web of Science, Scopus,
ScienceDirect, IEEE Xplore, and Google Scholar identified studies published between 2015 and 2025.
Eighteen articles met the inclusion criteria and were synthesized through narrative review and thematic
analysis.

Results: Blockchain applications have clustered into four domains: safety monitoring and inspection, safety
reporting and information management, worker-centered safety solutions, and specialized construction
safety applications. Reported benefits have included heightened data integrity and security, enhanced
transparency and accountability, operational efficiencies, and reinforcement of a proactive safety
culture. Nevertheless, significant challenges have persisted, notably technical complexity, integration and
adoption barriers, implementation costs, and governance and regulatory constraints. Future research
should prioritize the convergence of blockchain with the Internet of Things (loT) and artificial intelligence
(Al), as well as large-scale implementation and validation studies, advanced security frameworks, and
enhanced user experience.

Conclusion: Evidence indicates that blockchain can substantially improve safety performance on
construction sites. However, scaling from proof-of-concept to industry-wide deployment requires
overcoming considerable technical, organizational, and legal hurdles. Close collaboration among
researchers, and industry practitioners, is essential to unlock the full potential of blockchain and translate
it into tangible safety outcomes.
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1. INTRODUCTION

Construction is consistently among the most
hazardous industries, and reducing preventable
harm remains a priority for employers, regulators,
and workers. Despite improvements in standards
and training, several structural gaps continue
to undermine safety performance: safety
information is dispersed across incompatible
systems, reporting of incidents and near-misses
is often delayed or incomplete, tracking worker
credentials and permits is difficult across multi-tier
subcontracting, and accountability can be diluted
when many stakeholders share responsibilities.
Blockchain technology—distributed ledgers with
tamper-evident records and programmable smart
contracts—has been proposed as a trust layer
to counter these gaps. This study systematically
synthesizes how blockchain has been used in
construction-site safety management, what benefits
and limitations have been observed, and which
research and implementation directions appear
most promising.

2. MATERIAL AND METHODS

This systematic review followed PRISMA 2020
guidance. Primary searches targeted Web of Science
and Scopus because they index peer-reviewed,
citation-tracked literature across engineering
and occupational safety. To improve coverage
and capture emerging prototypes, supplementary
searches were performed on ScienceDirect, IEEE
Xplore, and Google Scholar. The strategy combined
the terms “blockchain” OR “distributed ledger” with
“construction site” OR “jobsite” OR “construction’,
and with “safety”, “accident’, or “occupational
safety and health/OSH”. Queries were mapped to
each database’s syntax (e.g., TITLE-ABS-KEY in
Scopus; TS= in Web of Science; Title/Abstract/
Keywords in ScienceDirect; All Metadata with field
limits in IEEE Xplore). The time window spanned
January 2015 to August 2025 because meaningful
applications of blockchain to construction and
safety began to appear after 2015. Searches were first
run on 5 January 2025, updated on 13 April 2025,
and finalized on 15 August 2025. Inclusion criteria
were peer-reviewed studies directly addressing
blockchain applications in construction safety,
available in full text and in English. Exclusions
were non-peer-reviewed materials and studies
focused solely on BIM or logistics without a safety
component. Two reviewers independently screened
titles/abstracts and then full texts; disagreements
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were resolved by consensus. Of 352 initial records,
94 duplicates were removed; 68 full-text articles
were assessed; 18 studies met the inclusion criteria.
Data were extracted into standardized forms and
analyzed via narrative synthesis and thematic
analysis. Coding and memoing were performed
in MAXQDA 2020 using a hybrid codebook:
deductive parent codes aligned with the study
objectives (applications, benefits, challenges, future
directions) and inductive child codes refined
through iterative reading. Code System and Code
Matrix Browser views supported pattern review
and cross-study comparisons. Themes were defined
and named following Braun and Clarke’ six-phase
approach to thematic analysis.

3. RESULTS AND DISCUSSION

Four application domains emerged:

o Safety monitoring and inspection: Prototypes
and frameworks anchored inspection records and
sensor outputs (e.g., computer vision, RFID, and
other IoT streams) onto a ledger to secure integrity
and enable auditable traceability. Smart contracts
encoded acceptance criteria and triggered alerts or
holds when rule violations were detected. Hybrid
on/off-chain designs were common: heavy video
or image data were retained off-chain (e.g., in
content-addressable storage) while cryptographic
hashes and metadata were stored on-chain for
provenance. These solutions were most impactful
in time-critical, high-risk operations such as
scaffolding work, lifting, and confined-space entry,
where latency and trust in evidence are paramount.

« Safety reportingand information management:
Several studies proposed incident and near-miss
registries with immutable, time-stamped entries
and role-based access. Permissioned consortium
blockchains (e.g., Hyperledger Fabric) supported
low-latency collaboration among contractors,
clients, and regulators, while public or semi-public
chains (e.g., Ethereum) were used alongside
off-chain storage to improve transparency.
Privacy-preserving designs included anonymous
or pseudonymous reporting, selective disclosure
using cryptographic proofs, and reputation-based
access to limit unnecessary exposure of personal
data. Token-mediated incentives were explored
to counter chronic underreporting of near-misses
by rewarding timely, high-quality submissions
without compromising privacy.

o Worker-centered safety: Ledger-backed
credentials and training records reduced
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ambiguity around authorizations and expiry dates.
Integration with mobile apps and smart wearables
enabled personalized risk notifications and
proof-of-attendance for toolbox talks and safety
inductions. Some systems combined tokenized
incentives with immersive training (e.g., virtual
reality) to increase engagement and retention,
translating into higher adherence to PPE and
procedures. These approaches are particularly
relevant for dynamic worksites with frequent
workforce turnover and layered subcontracting.

o Specialized safety applications: Beyond generic
processes, blockchain supported domain-specific
needs such as scaffolding lifecycle control (erection,
inspection, handover), high-risk-task permitting,
and collaborative governance frameworks based on
federated learning. By coordinating model updates
while keeping raw data local, federated designs
aimed to balance analytics utility with privacy and
data-sovereignty requirements.

Benefits clustered around four consistent
outcomes. First, data integrity and security
improved through tamper-evident records and
verifiable provenance. Second, transparency and
accountability increased by establishing a shared
source of truth across stakeholders, which helped
to shorten the time-to-closure of corrective actions
and reduce rework associated with disputed
records. Third, operational efficiency improved via
automation of checks and notifications through
smart contracts. Fourth, several studies reported
cultural gains, with incentives and auditable
teedback channels encouraging proactive behaviors
and more complete reporting.

Barriers were also recurrent. Scalability and
storage constraints were prominent where rich
media are involved; practical designs therefore
favored off-chain storage and on-chain anchoring.
Oracle trust and integration with external systems
remained a risk, requiring signed sensors,
multi-source validation, and robust exception
handling.  Organizational adoption hurdles
included change management, skill gaps, and
uncertainty about costs and benefits; these were
mitigated by staged, low-risk pilots (e.g., near-miss
reporting or inspection logs) accompanied by
before/after metrics. Privacy and regulatory
concerns called for privacy-by-design patterns—
permissioned networks, minimal on-chain
personal data, and cryptographic proofs—to
comply with data-protection obligations while
retaining auditability.
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Context of effectiveness: Evidence suggests
stronger benefits in multi-party, high-risk
projects—such  as large commercial or
infrastructure works—where coordination costs
and accountability demands are high. Conversely,
in small projects with low digital maturity and
limited stakeholder diversity, benefits were modest
relative to setup and maintenance costs. Therefore,
organizations should prioritize use cases with
clear pain points (e.g., fragmented inspection
evidence, chronic underreporting, or slow closure
of non-conformities) and measurable outcomes.

Illustrative cases: (a) A consortium-chain
inspection log automatically triggered holds
when mandatory checks were missed, with
supervisors receiving ledger-verified alerts; (b) an
incident registry on a public chain used off-chain
storage and cryptographic anchors to ensure
integrity while enabling selective disclosure; (c) a
privacy-preserving near-miss channel combined
anonymous submissions with  token-based
recognition and zero-knowledge proofs of
eligibility; and (d) a federated-learning governance
framework coordinated safety analytics across
contractors without centralizing raw worker data.
Across these cases, success factors included clear
governance, minimal viable contracts, simple user
interfaces for field conditions, and integration with
existing workflows and BIM/CM tools.

Practical guidance: For early pilots, three entry
points are recommended: credential and training
records; non-conformance/corrective-action
logs; and privacy-aware near-miss reporting.
Architectures  should be hybrid (hashes
and metadata on-chain; content off-chain),
permissioned when latency and cost matter, and
instrumented with metrics such as time-to-closure
of corrective actions, near-miss reports per 100
worker-months, and completeness/accuracy of
logs. Security should incorporate formal review
of smart contracts, least-privilege access, and
emergency-stop mechanisms. Finally, a staged
roadmap—from prototype to controlled pilot to
multi-project deployment—supports learning and
risk control while building stakeholder trust.

4. CONCLUSIONS

Blockchain can materially improve how
construction-site safety information is captured,
verified, and acted upon. Its strongest value lies
in establishing a trustworthy, auditable backbone
that aligns people, processes, and technology. To
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progress from promise to practice, implementations
should focus on hybrid architectures, privacy
by design, dependable oracles, and phased
deployment with clear governance and success
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metrics.  Collaboration among researchers,
industry practitioners, and regulators is essential to
convert these capabilities into sustained reductions
in harm.
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