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1. Introduction

Multisite construction projects, often characterized by their geographical dispersion and concurrent activities, introduce
significant complexity into project execution. Unlike single-site undertakings, multisite initiatives require the simultaneous
management of varying timelines, regulatory environments, site-specific logistics, and labor dynamics M. The fragmentation of
operations makes it difficult to maintain uniform standards and cohesive communication channels. Each site typically deals with
its own procurement schedules, local suppliers, and construction crews, making project-wide synchronization a formidable
challenge 1,

Furthermore, these projects often involve interdependent construction tasks where delays or disruptions at one site can cascade
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across the entire system. For instance, prefabricated
components from one location may need to be installed at
another, necessitating precise timing and material availability
21, Without proper oversight, mismatched schedules and
resource misallocation can lead to budget overruns and
extended project durations. These difficulties underscore the
importance of integrated planning and centralized oversight
mechanisms [,

The growing scale and complexity of infrastructure and
commercial development projects have amplified the
necessity for sophisticated project management models. In
particular, sectors such as transportation, energy, and housing
often demand coordinated delivery across dispersed sites 1.
In such settings, traditional methods of project management,
which may suffice in simpler builds, are inadequate.
Therefore, the need for scalable systems that can
accommodate multisite construction dynamics has become
more urgent than ever, laying the groundwork for
advancements in digital coordination frameworks [1,

In the context of multisite construction, synchronized
material tracking and fabrication sequencing are critical for
operational harmony. Material tracking ensures that the right
materials arrive at the right site, in the correct quantity and
condition, at the appropriate time [, Fabrication sequencing,
meanwhile, determines the order and timing of component
production based on project milestones and inter-site
dependencies. When both systems are aligned, the result is
improved resource utilization, minimized delays, and
enhanced overall efficiency 1.

Synchronized tracking and sequencing are especially
important when prefabrication or modular construction
techniques are employed. These approaches rely on off-site
manufacturing and on-time delivery to ensure seamless
integration with on-site assembly [l Discrepancies in
fabrication or transportation schedules can halt progress,
affecting not only individual sites but also the broader project
timeline. Consequently, any inefficiency in tracking or
sequencing can lead to compounding delays, contractual
penalties, and inflated operational costs ],

The integration of material tracking with fabrication
sequencing also facilitates proactive decision-making. With
real-time visibility into inventory levels, production progress,
and transit status, project managers can respond swiftly to
disruptions. For example, if a shipment is delayed due to
inclement weather, adjustments in the sequencing plan or
resource allocation can mitigate downstream impacts. In this
way, synchronization not only improves operational
efficiency but also builds resilience into the construction
process, particularly for large-scale, multi-location projects
[10]

Coordinating activities across multiple construction sites
introduces unique logistical and communicative challenges.
One of the primary issues is the lack of real-time information
sharing between locations. While each site may maintain its
own schedule and resource log, integrating these data streams
into a coherent project-wide dashboard is rarely
straightforward. The absence of centralized systems often
leads to inconsistencies in reporting, forecasting, and
progress tracking, which hampers decision-making and
timely interventions [,

Logistics management further complicates coordination
efforts. Different sites may have varying storage capacities,
access constraints, and local supply chain limitations.
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Transportation between fabrication centers and construction
sites must be meticulously planned to avoid bottlenecks. Any
misalignment in delivery timelines or routing inefficiencies
can disrupt construction sequences, particularly when
dependencies exist between sites 121, The dynamic nature of
construction activities also means that logistics plans must be
continually adjusted, requiring a level of responsiveness that
traditional systems may not support. Communication
inefficiencies are another major barrier. Multisite projects
typically involve numerous stakeholders—including
contractors, engineers, suppliers, and local authorities—each
with their own systems and protocols. The lack of
standardized communication workflows often leads to
duplication of efforts, misinterpretations, and delayed
responses. These issues not only reduce productivity but can
also affect safety and compliance %,

The purpose of this paper is to examine models that leverage
material tracking and fabrication sequencing to improve
coordination and efficiency in multisite construction projects.
Given the industry’s increasing reliance on prefabrication,
modularization, and rapid deployment strategies, effective
coordination mechanisms have become essential. This paper
explores how contemporary models—rooted in digital
innovation and systems thinking—can address the
operational fragmentation inherent in multisite projects. By
focusing on tracking and sequencing as core elements of
construction logistics, the paper positions these functions as
strategic levers rather than tactical afterthoughts. It argues
that a systematic approach to managing material flow and
fabrication timelines can reduce waste, optimize labor
utilization, and shorten project durations. Moreover, when
embedded within broader project management frameworks,
these models can serve as enablers of resilience and
scalability.

The paper also aims to contribute to the discourse on
construction digitalization by highlighting how integrated
tracking and sequencing systems can bridge the gap between
planning and execution. Through case examples and
theoretical insights, it evaluates the strengths and limitations
of existing models and suggests pathways for future
development. Ultimately, the goal is to inform both
practitioners and researchers on how these systems can be
adapted and scaled to meet the demands of increasingly
complex construction environments. This paper pursues
several key research objectives aimed at enhancing the body
of knowledge on construction logistics and coordination.
First, it seeks to define the conceptual underpinnings of
material tracking and fabrication sequencing in multisite
contexts. Second, it evaluates existing technological
solutions and analytical models that facilitate real-time
tracking and sequencing across dispersed locations. Third, it
identifies optimization strategies that can be applied to
streamline operations and reduce inefficiencies in large-scale
construction environments.

2. Theoretical foundations of material tracking and
fabrication sequencing

2.1 Evolution of material tracking systems

Material tracking in construction has undergone a substantial
transformation, evolving from manual, paper-based logs and
spreadsheets to sophisticated, technology-driven platforms.
Traditionally, site managers relied on written records, phone
calls, and visual inspections to monitor material deliveries
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and usage. These methods were time-consuming, prone to
human error, and inadequate for the complexity of modern
multisite projects. As the scale of construction projects grew,
so too did the limitations of these outdated tracking methods,
particularly with regard to timeliness, accuracy, and
transparency 14,

The introduction of radio-frequency identification (RFID)
and sensor-based systems marked a major leap forward.
These technologies enabled automatic identification and
tracking of materials through embedded tags, allowing for
real-time visibility into inventory levels and movement
across sites I, RFID systems drastically reduced reliance on
manual inputs, minimized stock discrepancies, and facilitated
more responsive decision-making. Integration with
geographic positioning and logistics systems further
enhanced these capabilities, providing dynamic location data
and enabling route optimization for deliveries [*°],

In recent years, the integration of the Internet of Things (1oT)
and Building Information Modeling (BIM) has created a new
frontier in digital material tracking. 10T devices transmit live
data from construction materials and equipment, offering
insights into usage patterns, environmental conditions, and
site performance. BIM integration enables the visualization
of material flow in a 3D environment, linking tracking data
with project schedules and spatial layouts. Together, these
tools provide a holistic view of material logistics, improve
cross-site coordination, and support the implementation of
predictive and automated management systems 171,

2.2 Principles of fabrication sequencing and its impact on
construction workflows

Fabrication sequencing refers to the strategic planning of the
order in which components are produced and delivered to
align with construction schedules and site readiness. It plays
a crucial role in ensuring that materials are available when
needed, neither too early—resulting in storage and handling
challenges—nor too late—causing delays and idle labor.
Proper sequencing is particularly critical in multisite projects
where just-in-time delivery strategies are often used to
optimize space and reduce waste [28],

The core principle of effective fabrication sequencing is
alignment between production schedules and the construction
timeline. Sequencing must account for task dependencies,
lead times, transportation logistics, and potential disruptions.
For example, structural elements might need to be fabricated
before cladding systems, which in turn must precede interior
finishes. Misalignment can lead to rework, increased costs, or
even structural issues if components are installed out of
sequence. Therefore, sequencing must be tightly managed
and dynamically adjusted as projects evolve 19,

When applied correctly, fabrication sequencing enhances
workflow efficiency by reducing downtime, streamlining
labor allocation, and improving the synchronization between
fabrication facilities and construction sites. It also allows for
better quality control, as components can be prefabricated in
controlled environments and inspected before delivery. In the
context of multisite projects, fabrication sequencing must
additionally factor in inter-site dependencies, as delays at one
site can ripple through the entire project. Thus, effective
sequencing is not only a logistical tool but also a key enabler
of broader project coordination and control 29,
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2.3 Theories and models relevant to supply chain and lean
construction

The evolution of material tracking and fabrication sequencing
has been heavily influenced by foundational theories in
supply chain management and lean construction. One of the
central frameworks is the theory of supply chain integration,
which emphasizes the coordination of processes across
organizational and functional boundaries. This theory
supports the need for synchronized data sharing and planning
across fabrication plants, construction sites, and logistics
providers to minimize inefficiencies 24,

Lean construction principles, derived from lean
manufacturing, advocate for the elimination of waste,
continuous improvement, and value maximization for end-
users. These principles directly inform tracking and
sequencing practices by focusing on flow efficiency,
minimizing excess inventory, and reducing non-value-adding
activities ?, The Last Planner System, a lean project
management tool, further emphasizes collaborative planning
and commitment-based scheduling, aligning closely with
fabrication sequencing strategies that prioritize reliability and
adaptability 23],

Systems theory also plays a significant role in understanding
the dynamic and interconnected nature of multisite
construction environments. It views each construction site as
part of a larger system where changes or disruptions in one
node affect others. Applying systems thinking enables project
managers to design tracking and sequencing models that are
not only efficient in isolation but also resilient and adaptive
within the broader project ecosystem. These theoretical
models collectively inform the design of intelligent,
responsive logistics frameworks for complex construction
projects 24,

2.4 Interdependencies between material flow, production
planning, and onsite logistics

Material flow, production planning, and onsite logistics are
deeply interdependent processes that collectively determine
the efficiency of construction operations. In a multisite
context, material flow extends beyond the linear supply chain
to a more networked structure where materials may originate
from diverse locations and be used across multiple sites. Any
disruption in material availability can cascade through
production and site activities, making synchronization a
critical operational goal 251,

Production planning involves forecasting demand,
scheduling fabrication, and managing capacity in fabrication
facilities. It must be informed by real-time data from material
tracking systems to ensure alignment with construction
schedules 28, For instance, if a particular site experiences
weather delays, production timelines can be adjusted to avoid
unnecessary fabrication and storage costs. Conversely, if
tracking data indicates accelerated progress at a site,
production can be ramped up accordingly. This bidirectional
communication ensures that production remains flexible and
responsive to on-ground realities (7],

Onsite logistics, encompassing delivery scheduling,
unloading, material storage, and internal distribution, relies
on both accurate material tracking and effective fabrication
sequencing. When these elements are not aligned, sites may
experience material congestion, safety hazards, or workflow
interruptions. In integrated systems, material flow data
supports proactive planning for site logistics, ensuring that
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materials are delivered in sequence, with the necessary
equipment and labor in place. The interdependency of these
functions underscores the necessity for cohesive models that
facilitate visibility, coordination, and adaptability across the
construction lifecycle 28291,

3. Technological models and tools for multisite
coordination

3.1 Comparative analysis of digital tracking technologies
Digital tracking technologies play a vital role in enhancing
coordination across multisite construction environments,
offering varying capabilities in terms of real-time monitoring,
precision, and integration. Radio-Frequency ldentification
(RFID) is widely adopted due to its cost-effectiveness and
ease of deployment. It enables automatic identification and
tracking of materials and equipment through embedded tags
and scanners, reducing manual data entry and increasing
inventory accuracy. While passive RFID tags are commonly
used for short-range identification, active tags can transmit
signals over longer distances, suitable for expansive
construction sites (30311,

Global Positioning System (GPS) technologies complement
RFID by enabling location tracking over wide geographic
areas, especially for transportation and mobile assets. GPS
provides macro-level visibility into the movement of
materials and machinery between sites, which is crucial in
multisite coordination. However, GPS alone lacks the object-
specific data granularity that RFID provides, making
combined use highly effective. GPS-enabled fleet
management tools also allow project managers to monitor
delivery progress and adjust schedules proactively 32 331,
Building Information Modeling (BIM)-based tracking tools
offer a more integrated and spatially intelligent approach.
BIM platforms embed tracking data into 3D models, allowing
teams to visualize material status in relation to the
construction schedule and site layout. This facilitates clash
detection, delivery planning, and just-in-time logistics.
Compared to RFID and GPS, BIM offers deeper process
integration and fosters collaboration between project
stakeholders. When paired with cloud-based platforms, BIM
tracking enhances transparency and coordination across
dispersed teams, laying the groundwork for advanced
automation and data analytics [34 331,

3.2 Use of digital twins, ai, and machine learning for
predictive material logistics

Digital twins, artificial intelligence (Al), and machine
learning (ML) are transforming material logistics from
reactive management to predictive optimization. A digital
twin is a virtual replica of a construction site or asset that
mirrors real-time physical conditions, enabled by continuous
data input from 0T sensors, tracking devices, and project
management software. In multisite projects, digital twins
provide a centralized platform for monitoring material flow,
site progress, and inter-site dependencies in real time. By
simulating various logistical scenarios, project managers can
identify bottlenecks and optimize sequencing strategies
before disruptions occur 61,

Al algorithms enhance decision-making by analyzing
historical and real-time data to predict material demands,
delivery delays, or resource shortages. These models learn
from patterns across multiple projects, improving over time
to recommend ideal ordering quantities, fabrication
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schedules, and delivery routes. In dynamic environments, Al
can support autonomous rescheduling in response to weather
events, traffic disruptions, or labor fluctuations, increasing
responsiveness and minimizing waste.

Machine learning models further refine logistics management
by continuously learning from construction site activities. For
example, ML can detect discrepancies between planned and
actual material usage, identify trends in material waste, and
suggest procurement adjustments. These insights support
lean construction objectives and reduce operational risk.
Together, digital twins, Al, and ML create a smart ecosystem
that supports proactive logistics, cross-site synchronization,
and high-level strategic planning. Their integration enhances
not only efficiency but also resilience in complex, multisite
operations [37: %81,

3.3 Role of Centralized vs. Decentralized Tracking
Systems in Multisite Operations

The debate between centralized and decentralized tracking
systems in multisite construction centers on trade-offs
between control, scalability, and responsiveness. Centralized
systems operate from a unified data hub, where all
information related to material tracking and fabrication
sequencing is aggregated and managed. These systems
provide consistency across sites, enabling enterprise-level
oversight, uniform reporting standards, and real-time
comparison of performance indicators. Centralized platforms
also simplify compliance tracking and make cross-project
benchmarking more efficient.

However, centralized systems may face challenges in
adapting to localized site conditions. If data processing and
decision-making are concentrated at a single point, response
times to site-specific issues may be delayed. This is where
decentralized systems offer advantages. They empower
individual sites with local control over tracking processes
while maintaining data synchronization with a central
platform. Decentralized approaches can improve agility, as
local teams can adjust tracking parameters or respond to
changes without waiting for centralized approval or
intervention [39 401,

Hybrid systems are increasingly adopted to balance the
strengths of both models. These systems combine centralized
data aggregation and analytics with decentralized operational
autonomy. In a hybrid model, material tracking can be
standardized across all sites, while site-specific decisions—
such as short-term sequencing changes—are made locally
using real-time data. This ensures both strategic alignment
and tactical flexibility. The choice of architecture ultimately
depends on the project scale, geographic dispersion,
technological infrastructure, and organizational culture.
Regardless of the model, system interoperability and data
transparency remain critical success factors.

Real-world implementations provide valuable insights into
the effectiveness of technological models in managing
multisite construction logistics. One notable example is the
Crossrail project in the United Kingdom, which integrated
RFID and GPS tracking with a central data hub to manage the
delivery of prefabricated components across multiple sites.
The project used RFID to track over 250,000 components,
ensuring timely delivery and installation while minimizing
on-site storage. Real-time dashboards provided by the system
enabled visibility across all supply chain tiers, reducing
delays and material mismatches.
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In the United States, a major healthcare construction project
involving multiple hospital campuses used BIM and digital
twin technologies to coordinate prefabrication and delivery
of mechanical systems. By embedding fabrication data into
BIM models and synchronizing it with scheduling software,
the project team managed to reduce rework, optimize labor
deployment, and maintain project timelines despite tight
delivery windows and limited site storage. The digital twin
helped simulate installation sequences and identify risks
early, increasing overall project efficiency 1“4,

Another successful integration occurred in the Middle East,
where an infrastructure development project deployed a
hybrid centralized-decentralized tracking system using 1oT-
enabled sensors and Al-driven analytics. Each site had
autonomy to manage material inflow and local conditions,
while a central operations center used aggregated data to
oversee performance and adjust procurement strategies. This
balance of autonomy and control led to a 20% improvement
in on-time deliveries and a measurable reduction in material
waste. These examples illustrate how tailored technological
integration—matched to the specific needs and scale of
multisite projects—can significantly enhance coordination,
productivity, and return on investment 42 431,

4. Optimization of fabrication sequencing across multiple
sites

4.1 Modeling approaches for just-in-time fabrication and
delivery

Just-in-time (JIT) fabrication models are increasingly
essential for coordinating multisite construction, aiming to
deliver prefabricated components only when they are needed,
thereby minimizing storage requirements and reducing on-
site congestion. These models rely heavily on predictive
algorithms and dynamic scheduling, often built upon data
from historical projects, real-time site updates, and supply
chain analytics. Simulation-based modeling techniques,
including discrete-event simulation and agent-based
modeling, allow planners to forecast material flow and
identify optimal fabrication timelines based on varying lead
times, production capacities, and transportation logistics 1+
45]

Digital twins further enhance JIT modeling by synchronizing
virtual fabrication environments with real-world site
conditions. This alignment enables predictive visibility into
when a site will be ready to receive specific components,
thereby triggering fabrication only when conditions are
suitable. Cloud-based coordination platforms allow these
models to function seamlessly across multiple sites,
integrating real-time progress reports, environmental data,
and workforce availability. Ultimately, the success of JIT
models depends on reliable data input, flexible scheduling
frameworks, and transparent communication between all
supply and production partners 461,

By minimizing buffer inventory and enabling faster
throughput of critical components, JIT fabrication models
significantly reduce waste, lower costs, and enhance
construction sequencing. Moreover, these approaches
provide resilience in the face of disruptions such as supply
delays or labor shortages, as adjustments can be made on-the-
fly based on updated data inputs. These dynamic modeling
strategies form the foundation for next-generation fabrication
sequencing in complex, multisite projects [*71,
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4.2 Strategies to reduce idle time, rework, and material
waste

Idle time, rework, and material waste are persistent
challenges in construction projects and are exacerbated in
multisite settings due to greater complexity in coordination
and logistics. Effective sequencing strategies must prioritize
synchronization between fabrication progress and on-site
readiness to avoid premature deliveries or delays in
installation. One proven method is the implementation of lean
construction principles, particularly pull-based scheduling
systems that initiate production only when downstream
processes are ready, thus reducing unnecessary buildup of
materials [48 491,

Modular construction and offsite prefabrication also help
reduce rework and waste by enabling precision
manufacturing in controlled environments. This approach
ensures higher consistency and fewer errors compared to
traditional onsite fabrication. However, without proper
sequencing, even prefabricated components can become
liabilities if delivered prematurely or out of order. Therefore,
robust coordination strategies are required to align transport
logistics with site conditions and workforce availability B
51]

Incorporating real-time feedback loops into the sequencing
process helps detect deviations early and allows for rapid
corrective actions. For instance, digital tracking systems can
alert project managers when components are at risk of being
damaged due to extended storage or misplacement.
Integrated dashboards that aggregate data from fabrication
facilities, logistics partners, and site teams facilitate proactive
planning and monitoring. These waste-reduction strategies
not only improve cost efficiency but also contribute to
sustainability goals by minimizing resource consumption and
environmental impact across the project lifecycle 52 53,

4.3 Integration of fabrication timelines with project
management software

To ensure smooth coordination across multiple construction
sites, it is critical to integrate fabrication timelines into
broader project management systems. When scheduling tools
are siloed from fabrication workflows, discrepancies often
arise between what is produced and what is needed on-site,
leading to inefficiencies and rework. Modern project
management software platforms now incorporate fabrication
modules or allow for seamless API integration with external
fabrication planning tools, creating a unified environment
where timelines are synchronized and continuously updated
[54, 55]

Such integration supports dynamic scheduling, enabling the
project team to adjust fabrication orders in response to real-
time changes in site conditions, workforce availability, or
weather disruptions. For instance, a delay in foundation work
at one site can trigger a recalibration of the component
production timeline to prevent premature delivery. Advanced
project management systems also provide visual interfaces
like Gantt charts and 4D simulations that include fabrication
phases, helping stakeholders visualize interdependencies and
identify critical paths more accurately.

Furthermore, integrated platforms enhance accountability by
tracking performance against baseline schedules and alerting
managers to potential delays. They enable detailed reporting
and analytics that inform future planning, including lead time
buffers and delivery risk assessments. By aligning fabrication
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schedules with overall project execution plans, teams can
improve coordination across trades, enhance transparency,
and avoid costly misalignments. This digital harmonization
is especially crucial in multisite projects, where geographical
dispersion and varied site dynamics demand precise and
adaptable sequencing control [56 571,

4.4 Collaborative frameworks for real-time fabrication
and site readiness alignment

Achieving optimal fabrication sequencing in multisite
construction  requires  strong  collaboration  between
fabrication facilities, logistics providers, and site teams.
Collaborative frameworks are designed to ensure that all
stakeholders are aligned on real-time readiness status,
delivery expectations, and production capabilities. These
frameworks are typically enabled through digital platforms
that centralize communication, data sharing, and decision-
making. They facilitate the use of shared dashboards,
automated alerts, and real-time updates on fabrication
progress and site readiness indicators 8 59,

One common framework is the use of Integrated Project
Delivery (IPD) contracts, which promote shared risk and
reward structures across all involved parties. Under such
contracts, fabrication teams are engaged early in the planning
process, allowing them to contribute to sequencing strategies
and align their production schedules with site milestones.
Real-time data exchange is a key component of this model.
Site readiness sensors, progress-tracking apps, and loT-
enabled logistics tools all feed data into a centralized
platform, allowing fabrication schedules to adapt
continuously to evolving conditions %,

These collaborative frameworks also rely on cultural
alignment, with all stakeholders committed to transparency,
trust, and responsiveness. Regular coordination meetings,
virtual progress reviews, and joint planning sessions help
maintain alignment across dispersed locations. Moreover,
conflict resolution mechanisms and decision-making
protocols are established upfront to minimize delays when
deviations occur. By creating a shared digital and
organizational space, these frameworks reduce the risk of
miscommunication, enhance flexibility, and drive efficiency
in the sequencing of materials and components across
multiple construction sites [6% 621,

5. Conclusion and Recommendations

5.1 Conclusion

This study examined the multifaceted challenges and
strategic opportunities in optimizing material tracking and
fabrication sequencing across multisite construction
environments. The research highlighted that conventional
coordination models often fall short in addressing the scale,
complexity, and dynamic nature of dispersed construction
projects. A consistent theme across the sections was the
growing reliance on digital tools such as RFID systems, GPS,
IoT devices, and Building Information Modeling to
streamline material logistics. It also became evident that
sequencing fabrication in alignment with real-time project
needs substantially reduces idle time, storage issues, and
operational bottlenecks.

Another critical insight lies in the interdependencies among
supply chain management, production planning, and on-site
logistics. The paper established that delays in one domain
often cascade across others, underscoring the need for
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integrated  frameworks.  Technological  innovations,
particularly the rise of predictive analytics, simulation
modeling, and centralized project management software,
offer practical and scalable solutions. Overall, the findings
suggest that combining real-time data sharing with
collaborative  scheduling can significantly enhance
construction efficiency, particularly in projects with
geographically distributed sites.

The integration of material tracking systems with fabrication
sequencing offers substantial advantages in terms of cost
efficiency, productivity, and project reliability. By
centralizing data and automating material flows, these
models reduce the likelihood of miscommunication and
supply chain disruptions. For instance, just-in-time delivery,
made possible through synchronized tracking and
sequencing, reduces the need for on-site material storage,
minimizes handling risks, and allows for better utilization of
labor and equipment. These efficiencies translate directly into
cost savings and shorter project timelines.

Moreover, integrated models provide enhanced visibility into
project progress, allowing managers to make informed
decisions quickly. With real-time dashboards, fabrication
status and material availability can be continuously
monitored across all sites, enabling proactive adjustments in
scheduling or resource deployment. This level of operational
transparency supports better stakeholder collaboration, which
is especially important in multisite settings involving
multiple contractors, suppliers, and regulatory jurisdictions.
These models also facilitate compliance with safety and
environmental standards by preventing material congestion
and waste accumulation. In sum, integrated systems are not
merely operational enhancements—they are strategic
enablers of smarter, more agile construction practices.

5.2 Strategic recommendations for industry adoption

To fully realize the benefits of integrated material tracking
and fabrication sequencing, industry stakeholders must adopt
a proactive and structured implementation approach. First,
construction  firms should prioritize investment in
interoperable digital platforms that unify fabrication data,
logistics tracking, and on-site activity monitoring. Systems
should support cloud connectivity, mobile interfaces, and
real-time analytics to ensure agile decision-making across all
project levels. Second, organizations must train teams to
interpret and act upon data insights, which requires upskilling
in digital literacy and collaborative planning.

Contracting models should also evolve to facilitate early
involvement of supply chain partners and fabricators in the
project lifecycle. Integrated Project Delivery frameworks or
similar  collaborative arrangements can incentivize
transparent communication and joint responsibility for
sequencing success. Additionally, firms should establish
standardized protocols for data sharing, status reporting, and
contingency planning to ensure smooth interactions across
sites. Piloting these models in medium-scale projects before
scaling enterprise-wide can help organizations manage
transition risks and tailor solutions to their specific
operational contexts. In essence, adoption must be both
technological and organizational in nature.

While current models provide substantial gains, future
advancements in automation, artificial intelligence, and
distributed ledgers promise even more transformative
potential. One avenue for research is the development of
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autonomous coordination systems where Al algorithms not
only predict but also act upon fabrication and delivery
decisions in real time. These systems could optimize resource
allocation across multiple sites simultaneously, learning from
historical patterns to preempt delays and inefficiencies. Deep
learning models, when integrated with digital twins, could
create adaptive sequencing strategies based on evolving site-
specific variables.

Another promising research direction is the use of blockchain
for secure and transparent tracking of materials and
fabrication milestones. Blockchain can provide immutable
records of origin, custody, and compliance, particularly
beneficial in regulated industries or international supply
chains. Cross-site ledger synchronization could further
enhance collaboration among stakeholders by providing a
single source of verified truth. Finally, robotics and
automated guided vehicles may soon play a larger role in
material handling and on-site component assembly, requiring
new sequencing logic that accounts for machine behavior.
Advancing these technologies will require multidisciplinary
collaboration, but their integration could redefine the
efficiency and reliability of future multisite construction
operations.

6. References

1. Harris MS. Project performance as a function of
subsystem interdependence for multi-site projects.
Massachusetts Institute of Technology; 1987.

2. Petri I, Beach T, Rana OF, Rezgui Y. Coordinating
multi-site construction projects using federated clouds.
Automation in Construction. 2017;83:273-84.

3. Chan KC, Chung LM. Integrating process and project
management for multi-site software development.
Annals of Software Engineering. 2002;14(1):115-43.

4. PMP KBH. Managing complex projects: A new model.
Berrett-Koehler Publishers; 2008.

5. Eriksson PE, Larsson J, Pesdmaa O. Managing complex
projects in the infrastructure sector—A structural
equation model for flexibility-focused project
management.  International Journal of Project
Management. 2017;35(8):1512-23.

6. Scholten B. MES guide for executives: Why and how to
select, implement, and maintain a manufacturing
execution system. ISA; 2009.

7. Nasir H. A model for automated construction materials
tracking. University of Waterloo; 2009.

8. Mossman A, Sarhan S. Synchronising off-site
fabrication with on-site production in construction.
Construction Economics and Building. 2021;21(3):122-
41.

9. Zhou JX, Shen GQ, Yoon SH, Jin X. Customization of
on-site assembly services by integrating the internet of
things and BIM technologies in modular integrated
construction. Automation in Construction.
2021;126:103663.

10. Helo P, Shamsuzzoha A. Real-time supply chain—A
blockchain architecture for project deliveries. Robotics
and Computer-Integrated Manufacturing.
2020;63:1019009.

11. Stankovic JA, Abdelzaher T, Lu C, Sha L, Hou JC. Real-
time communication and coordination in embedded
sensor  networks. Proceedings of the IEEE.
2003;91(7):1002-22.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

www.allsocialsciencejournal.com

Retelny D, Bernstein MS, Valentine MA. No workflow
can ever be enough: How crowdsourcing workflows
constrain complex work. Proceedings of the ACM on
Human-Computer Interaction. 2017;1(CSCW):1-23.
von Strauss und Torney M, et al. High-resolution
standardization reduces delay due to workflow
disruptions in laparoscopic cholecystectomy. Surgical
Endoscopy. 2018;32:4763-71.

Ozumba AO, Ojiako U, Shakantu W, Marshall A,
Chipulu M. Process need areas and technology adoption
in construction site  management. Journal of
Construction in Developing Countries. 2019;24(2):123-
55.

Zhang M, Liu Z, Shen C, Wu J, Zhao A. A review of
radio frequency identification sensing systems for
structural health monitoring. Materials.
2022;15(21):7851.

Cui L, Zhang Z, Gao N, Meng Z, Li Z. Radio frequency
identification and sensing techniques and their
applications—A review of the state-of-the-art. Sensors.
2019;19(18):4012.

Chen Y, Wang X, Liu Z, Cui J, Osmani M, Demian P.
Exploring building information modeling (BIM) and
internet of things (loT) integration for sustainable
building. Buildings. 2023;13(2):288.

Zaalouk A, Moon S, Han S. Operations planning and
scheduling in off-site construction supply chain
management: Scope definition and future directions.
Automation in Construction. 2023;153:104952.
Zozaya-Gorostiza C.  Knowledge-based  process
planning for construction and manufacturing. Elsevier;
2012.

Adepoju AH, Austin-Gabriel B, Eweje A, Collins A.
Framework for automating multi-team workflows to
maximize operational efficiency and minimize
redundant data handling. IRE Journals. 2022;5(9):663-4.
Meng X. Lean management in the context of
construction supply chains. International Journal of
Production Research. 2019;57(11):3784-98.

Ogunbiyi OE. Implementation of the lean approach in
sustainable construction: a conceptual framework.
Association for Computing Machinery (ACM); 2014.
Gao S, Low SP. Lean construction management.
Springer, Singapore; 2014.

Schneider A, Wickert C, Marti E. Reducing complexity
by creating complexity: A systems theory perspective on
how organizations respond to their environments.
Journal of Management Studies. 2017;54(2):182-208.
Heaton R, Martin H, Chadee A, Milling A, Dunne S,
Borthwick F. The construction materials conundrum:
practical solutions to address integrated supply chain
complexities. Journal of Construction Engineering and
Management. 2022;148(8):04022071.

Guo Z, Ngai E, Yang C, Liang X. An RFID-based
intelligent decision support system architecture for
production monitoring and scheduling in a distributed
manufacturing environment. International Journal of
Production Economics. 2015;159:16-28.

Rapp RR, Benhart BL. Construction site planning and
logistical operations: Site-focused management for
builders. Purdue University Press; 2015.

Adelodun MO, Anyanwu EC. Integrating radiological
technology in environmental health surveillance to

228|Page



International Journal of Social Science Exceptional Research

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

enhance public safety.

Adelodun MO,  Anyanwu EC.  Telehealth
implementation: A review of project management
practices and outcomes.

Abisoye A, Akerele JI, Odio PE, Collins A, Babatunde
GO, Mustapha SD. A data-driven approach to
strengthening cybersecurity policies in government
agencies: Best practices and case studies.

Adelodun MO, Anyanwu EC. Evaluating the
environmental impact of innovative radiation therapy
techniques in cancer treatment. International Journal of
Radiation Oncology, Biology, Physics.
[Year];Volume:[Pages].

Afolabi Al, Chukwurah N, Abieba OA. Implementing
cutting-edge software engineering practices for cross-
functional team success. Journal of Software
Engineering and Applications. [Year];Volume:[Pages].
Ahmadu J, Afolabi Al, Okonkwo C, Adeoye R, Bello S.
The impact of technology policies on education and
workforce development in Nigeria. Journal of Policy
Analysis and Management. [Year];Volume:[Pages].
Abisoye A, Akerele JI. A high-impact data-driven
decision-making model for integrating cutting-edge
cybersecurity strategies into public policy, governance,
and organizational frameworks. Journal of Cyber Policy
and Governance. [Year];Volume:[Pages].

Abisoye A, Akerele JI, Odio PE, Collins A, Babatunde
GO, Mustapha SD. Using Al and machine learning to
predict and mitigate cybersecurity risks in critical
infrastructure. International Journal of Machine
Learning and Cybersecurity. [Year];VVolume:[Pages].
Alozie CE, Ajayi OO, Akerele JI, Kamau E, Myllynen
T. Standardization in cloud services: Ensuring
compliance and supportability through site reliability
engineering practices. Journal of Cloud Computing and
Service Science. [Year];Volume:[Pages].

Kelvin-Agwu MC, Adelodun MO, Igwama GT,
Anyanwu EC. Enhancing biomedical engineering
education: Incorporating practical training in equipment
installation and maintenance. Biomedical Engineering
Education. [Year];Volume:[Pages].

Majebi NL, Adelodun MO, Chinyere E. Community-
based interventions to prevent child abuse and neglect:
A policy perspective. Journal of Social Policy and
Practice. [Year];Volume:[Pages].

Olowe KJ, Edoh NL, Christophe SJ, Zouo JO.
Conceptual review on the importance of data
visualization tools for effective research communication.
Journal of Data Science and Visualization.
[Year];Volume:[Pages].

Olowe KJ, Edoh NL, Zouo SJC, Olamijuwon J. Review
of predictive modeling and machine learning
applications in financial service analysis. Journal of
Financial ~ Analytics and Machine  Learning.
[Year];Volume:[Pages].

Sam-Bulya NJ, Omokhoa HE, Ewim CP-M, Achumie
GO. Developing a framework for artificial intelligence-
driven financial inclusion in emerging markets. Journal
of Financial Technology; 2023.

Oteri OJ, Onukwulu EC, Igwe AN, Ewim CP-M, lbeh
Al, Sobowale A. Artificial intelligence in product
pricing and revenue optimization: Leveraging data-
driven decision-making. Journal of Business Analytics;

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

www.allsocialsciencejournal.com

2023.

Oteri OJ, Onukwulu EC, Igwe AN, Ewim CP-M, lbeh
Al, Sobowale A. Dynamic pricing models for logistics
product management: Balancing cost efficiency and
market demands. International Journal of Logistics
Management; 2023.

Onukwulu EC, Fiemotongha JE, Igwe AN, Paul-Mikki
C. The role of blockchain and Al in the future of energy
trading: A technological perspective on transforming the
oil & gas industry by 2025. Energy Futures Journal;
2023;173.

Oteri OJ, Onukwulu EC, Igwe AN, Ewim CP-M, Ibeh
Al, Sobowale A. Cost optimization in logistics product
management: Strategies for operational efficiency and
profitability. International Journal of Supply Chain
Management; 2023.

Ojadi JO, Onukwulu E, Odionu C, Owulade O. Al-
driven predictive analytics for carbon emission reduction
in industrial manufacturing: A machine learning
approach to sustainable production. International Journal
of Multidisciplinary Research and Growth Evaluation.
2023;4(1):948-960.
doi:10.54660/IIMRGE.2023.4.1.948-960.

Ojadi JO, Onukwulu E, Odionu C, Owulade O.
Leveraging 10T and deep learning for real-time carbon
footprint monitoring and optimization in smart cities and
industrial zones. IRE Journals. 2023;6(11):946-964.
Kolawole TO, Mustapha AY, Mbata AO, Tomoh BO,
Forkuo AY, Kelvin-Agwu MC. Innovative strategies for
reducing antimicrobial resistance: A review of global
policy and practice. Global Health Journal; 2023.
Ogbuagu OO, Mbata AO, Balogun OD, Oladapo O, Ojo
00O, Muonde M. Artificial intelligence in clinical
pharmacy: Enhancing drug safety, adherence, and
patient-centered care. Journal of Clinical Pharmacy;
2023.

Kamau E, Myllynen T, Collins A, Babatunde GO, Alabi
AA. Advances in full-stack development frameworks: A
comprehensive review of security an

Kelvin-Agwu MC, Mustapha AY, Mbata AO, Tomoh
BO, Yeboah A, Forkuo TOK. A policy framework for
strengthening public health surveillance systems in
emerging economies. Public Health Policy Review;
2023.

Hassan YG, Collins A, Babatunde GO, Alabi AA,
Mustapha SD. Blockchain and zero-trust identity
management system for smart cities and 10T networks.
International Journal of Multidisciplinary R

Hassan YG, Collins A, Babatunde GO, Alabi AA,
Mustapha SD. Al-powered cyber-physical security
framework for critical industrial 10T systems. Machine
Learning Journal. 2023;27.

Fiemotongha JE, Igwe AN, Ewim CP-M, Onukwulu EC.
International Journal of Management and Organizational
Research. 2023.

Fiemotongha JE, Igwe AN, Ewim CP-M, Onukwulu EC.
Innovative trading strategies for optimizing profitability
and reducing risk in global oil and gas markets. Journal
of Advance Multidisciplinary Research. 2023;2(1):48-
65.

Isibor NJ, Ibeh Al, Ewim CP-M, Sam-Bulya NJ, Martha
E. A financial control and performance management
framework for SMEs: Strengthening budgeting, risk

229|Page



International Journal of Social Science Exceptional Research

57.

58.

59.

60.

61.

62.

mitigation, and profitability. International Journal of
SME Development; 2022.

Ewim CP-M, Azubuike C, Ajani OB, Oyeniyi LD,
Adewale TT. Incorporating climate risk into financial
strategies: Sustainable solutions for resilient banking
systems. Climate Finance Review; 2023.

Ogunsola KO, Balogun ED, Ogunmokun AS. Enhancing
financial integrity through an advanced internal audit
risk assessment and governance model. Journal of
Financial Integrity; 2021.

Abisoye A, Akerele JI. A practical framework for
advancing cybersecurity, artificial intelligence, and
technological ecosystems to support regional economic
development and innovation. International Journal of
Multidisciplinary Research and Growth Evaluation.
2022;3(1):700-713.

Achumie GO, Oyegbade IK, Igwe AN, Ofodile OC,
Azubuike C. A conceptual model for reducing
occupational exposure risks in high-risk manufacturing
and petrochemical industries through industrial hygiene
practices. International Journal of Occupational Safety
and Health; 2022.

Egbuhuzor NS, Ajayi AJ, Akhigbe EE, Agbede O, Ewim
C, Ajiga D. Cloud-based CRM systems: Revolutionizing
customer engagement in the financial sector with
artificial intelligence. International Journal of Science
and Research Archive. 2021;3(1):215-234.

Ewim CP-M, Omokhoa HE, Ogundeji 1A, Ibeh Al
Future of work in banking: Adapting workforce skills to
digital transformation challenges. Future of Work
Journal. 2021;2(1).

www.allsocialsciencejournal.com

230|Page



