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Abstract

The design and construction of modern hospital buildings are characterized by inherent
complexity, largely due to the intricate integration of architectural, structural, and
Mechanical, Electrical, and Plumbing (MEP) systems. Traditional, siloed design
methodologies frequently lead to late-stage conflicts and discrepancies, resulting in costly
delays and change orders during the construction phase. This paper addresses these
challenges by presenting a structured, two-stream Building Information Modeling (BIM)
workflow designed for integrated, multi-disciplinary coordination. The workflow delineates
a sequential information exchange protocol and a systematic, rule-based clash detection
process, with a central emphasis on the critical role of a BIM manager in model federation
and conflict resolution through a defined priority matrix. The application of this protocol to
a G+1 hospital building project successfully demonstrated its practical effectiveness. The
key qualitative outcomes included enhanced collaboration among design teams, proactive
resolution of system interferences in a virtual environment, and the establishment of clear
accountability for conflict resolution. This workflow offers a replicable framework and a
proof-of-concept for achieving a fully coordinated and clash-free desigh model prior to
construction, thereby setting a valuable benchmark for future complex healthcare
infrastructure projects.

1. Introduction

1.1. The Evolving Landscape of AEC and the Imperative for BIM Adoption

The Architecture, Engineering, and Construction (AEC) industry is undergoing a significant
transformation, moving from traditional two-dimensional (2D) drafting to a collaborative,
model-based desigh process. This paradigm shift is driven by the adoption of Building
Information Modeling (BIM), a digital representation of the physical and functional
characteristics of a facility. Beyond being a mere software tool, BIM serves as a shared
knowledge resource that provides a centralized platform for information management and
communication across all project disciplines. The transition to BIM addresses a
fundamental need to overcome the limitations of conventional design methods, which often



operate in isolated silos, leading to fragmentation and inefficiency. By fostering a cohesive,
integrated environment, BIM enables stakeholders to work from a single, shared source of
truth, thereby reducing the potential for errors and misunderstandings that plague
traditional projects.

1.2. The Intrinsic Complexity of Healthcare Facility Design

Modern hospital buildings are among the most complex structures to design and construct.
This complexity arises from the intricate integration of multiple specialized systems,
including sophisticated architectural layouts, robust structural frameworks, and an array of
MEP systems such as HVAC, electrical, plumbing, and firefighting. Each of these disciplines
operates with unique requirements and constraints, and their successful integration is
paramount to the facility’s functionality and safety. The inherent challenge of harmonizing
these systems is often compounded by traditional, fragmented design approaches. In these
methods, disciplines work independently, and their designs are only physically overlaid at
late stages, if at all. This siloed process inevitably leads to conflicts and discrepancies that
are discovered late in the construction phase, resulting in costly delays, rework, and a high
volume of change orders. The financial and logistical burdens associated with these late-
stage discoveries highlight a systemic failure rooted in the lack of a structured protocol for
information exchange and coordination during the design phase. A proactive, integrated
approachistherefore required to shift the conflict resolution from the physical construction
site to the virtual design environment, thereby ensuring constructability and reducing
project risk.

1.3. A Review of Existing BIM Coordination Methodologies

A review of the existing body of knowledge reveals that the benefits of BIM for project
coordination are widely recognized in the AEC industry. Seminal works, such as the BIM
Handbook by Eastman et al. and studies by Azhar, have established the theoretical
foundations and practical advantages of BIM for improving design and management
processes. While these sources provide a strong argument for BIM adoption, much of the
existing literature focuses on the general principles or broad benefits of collaboration. There
exists a notable gap in the academic literature concerning the provision of a concrete, step-
by-step, and replicable workflow protocol specifically tailored to the unique complexities of
a multi-disciplinary project, such as a hospital. The challenge is not merely to acknowledge
the potential of BIM, but to provide a practical, detailed, and proven methodology that can
be consistently applied to mitigate the specific risks of complex builds. This paper aims to
fill this gap by presenting such a protocol, grounded in the successful application to a real-
world project.



1.4. Research Objectives and Unique Contribution

The primary objective of this research is to present a standardized and repeatable BIM
workflow protocol for achieving a fully coordinated and clash-free design model for a
complex healthcare facility prior to construction. This paper’s distinct contributions are
rooted in its practical application and the intellectual property of its process, not a new
software. This elevates the work from a simple project report to a meaningful contribution
to AEC project management. The unique aspects of this research include:

e The development and implementation of a structured, multi-disciplinary BIM
workflow with two clearly defined streams: Model Initiation and Sharing and
Coordinated Clash Checking.

e The delineation of a detailed protocol for sequential information exchange, which
includes the concept of "clash renditions" to facilitate downstream analysis.

e The emphasis on the strategic and managerial role of the BIM manager as the central
orchestrator of the federated model and the clash resolution process.

e The introduction of a rule-based "clash priority matrix" to provide a clear, objective
framework for assigning accountability and streamlining conflict resolution.

By detailing the specific implementation of this protocol on a G+1 hospital building project,
this paper provides a robust, real-world case study that demonstrates the efficacy of a
managed, integrated collaborative process.

2. Methodology: A Standardized BIM Workflow Protocol

2.1. Overview of the Two-Stream Workflow

The proposed BIM workflow is designed as a structured, two-stream protocolto ensure both
a logical progression and a systematic approach to coordination. The process is bifurcated
into two primary components: the Model Initiation and Sharing stream, which focuses on
the creation and validation of discipline-specific models and their subsequent exchange;
and the Coordinated Clash Checking stream, which addresses the integration of these
models to identify and resolve conflicts. The workflow is sequential yet iterative, ensuring
that each subsequent discipline builds upon a validated foundation while allowing for
necessary revisions and updates throughout the design cycle.

2.2. Protocol for Model Initiation and Information Exchange

Thefirst stream establishes a foundational process for creating and sharing validated design
models, ensuring all disciplines work from a consistent and up-to-date source of



information. The process follows a logical sequence, progressing from the foundational
architectural design to the more complex structural and MEP systems.

1. Architectural Discipline: The architectural team initiates the process by developing
the primary 3D building model. Before this model is shared with other disciplines, it
undergoes rigorous internal checks to ensure its stage completeness, dimensional
accuracy, and adherence to established modeling standards. This step is critical as
it establishes a clean and verified foundation for all subsequent work. The approved
deliverables, including the native architectural model, a "clash rendition" optimized
for conflict detection, and associated documentation, are then released to the
structural and MEP teams.

2. Structural Discipline: The structural team utilizes the architectural model as a
reference to design the building’s structural system. The team performs its own
internal clash checks by comparing their evolving structural model against the
architectural clash rendition. The design is iteratively modified until all identified
conflicts are resolved. Once validated, the structural model, its clash rendition, and
documentation are shared, providing a coordinated reference for the MEP discipline.

3. MEP Discipline: The MEP team, which encompasses systems for HVAC, electrical,
plumbing, and firefighting, uses the now-coordinated architectural and structural
models as underlay references. This ensures that their designs are integrated within
the correct and validated spatial constraints. The MEP team follows a similar iterative
process of designing their systems, performing internal clash checks, and making
necessary modifications. The final, approved MEP model is then prepared for
federation with the other models.

This sequential process is a deliberate designh choice that ensures the integrity of the
federated model. If the structural or MEP teams were to begin work before the architectural
model was complete and validated, or without a coordinated reference, the number and
complexity of clashes would increase exponentially, making resolution far more difficult.
The sequential nature of the protocol directly contributes to the "enhanced collaboration”
outcome by forcing disciplines to build upon a validated foundation, thereby preventing
misunderstandings and reducing the likelihood of rework from the outset.

2.3. Protocol for Coordinated Clash Detection and Resolution

The second stream of the workflow is a systematic and iterative process for identifying and
resolving conflicts across all discipline models. This process is orchestrated by a central
BIM manager and is designhed to move conflict resolution from the construction site to the
virtual design environment.



. Federated Model Creation: The BIM manager is responsible for combining all

individual discipline models (architectural, structural, and MEP) into a single,
comprehensive "federated model". This composite model consolidates all design
information into one view and serves as the basis for project-wide clash detection. A
composite clash rendition is created from this federated model to serve as the
analytical tool for the upcoming steps.

Rule Setup and the Clash Priority Matrix: A crucial step in this process is the
establishment of clear rules for clash detection. The BIM manager defines specific
volumes or spaces to minimize initial clashes and sets up rules to filter out false
positives. Most importantly, a "clash priority matrix" is established to provide a clear
and objective framework for conflict resolution. This matrix assigns responsibility for
resolving a specific clash based on the discipline involved. For example, in a conflict
between a pipe and a structural beam, the matrix dictates that it is the MEP team's
responsibility to adjust the pipe, as the structural element is typically fixed.

The implementation of this priority matrix is a powerful mechanism that directly led to the

"clear accountability" outcome observed in the project. Without such a framework, a clash

between two disciplines could lead to a time-consuming and subjective negotiation, which
would impede progress. By pre-defining responsibility, the workflow transforms conflict
resolution from a negotiation into a rule-based process. This streamlines decision-making,
establishes clear ownership, and is a fundamental requirement for a successful

collaborative project.

3.

Iterative Resolution Process: The clash detection software is run on the federated
model using the predefined rules. lIdentified clashes are analyzed, grouped, and
assigned to the respective discipline teams for resolution within their native models.
The process is iterative; once disciplines update their models, the federation and
clash analysis steps are repeated. This feedback loop continues until a clash-free
model is achieved, which is confirmed by a final clash report. This iterative cycle is
the mechanism that enables the "proactive clash resolution" outcome, as conflicts
are resolved virtually during the design phase, mitigating potential construction-
phase costs.

Table 1: Key Stages and Deliverables of the BIM Workflow

Discipline Key Activities Deliverables Purpose/Checks




Native
. Model architectural Ensures dimensional accuracy,
Architectu o
L initiation, model, clash completeness, and adherence
ra
internal checks rendition, to standards before sharing.
documentation
Design of . .
Native structural | Uses architectural model as
structural . .
model, clash reference; iteratively resolves
Structural systems, . . . .
. rendition, conflicts against architectural
internal clash . -
documentation rendition.
checks
Design of
HVAC,
Electrical, Uses coordinated architectural
MEP Plumbing, Native MEP and structural models as
Firefighting model underlay references; iteratively
systems; resolves conflicts.
internal clash
checks
Federated
BIM Model model, Combines individual models for
federation, rule | composite clash | project-wide clash detection
Manager . .
setup rendition, clash and resolution.
reports

Table 2: Conceptual Clash Resolution Priority Matrix

Disciplines in Conflict

Example Conflict

Responsibility for Resolution

MEP vs. Structural

Pipe vs. Beam

MEP Team

MEP vs. Architectural

Ductvs. Ceiling

MEP Team

Architectural vs. Structural

Wall vs. Column

Architectural Team

All Disciplines

Systems vs. Egress/Safety

All teams, per code

requirements




3. Case Study: Implementation on a Hospital Building
Project

3.1. Project Context and Application

The proposed BIM workflow was developed and applied to a real-world project: a 75mx50m,
G+1 storey hospital building. This project served as the practical proving ground for the
methodology, providing a context that fully encapsulated the complexities of multi-
disciplinary design and coordination. The project's success hinged on its ability to manage
theintricate interplay between the architectural vision, the structural requirements, and the
vast network of MEP systems required for a modern healthcare facility.

3.2. Practical Implementation and the Role of the BIM Manager

The BIM manager's role in the practical implementation of this project was decisive and
multifaceted. The manager was not merely a technical operator but a strategic orchestrator
of the entire process. This individual was responsible for the crucial task of federating the
individual discipline models into a single composite model, thereby creating the foundation
for project-wide clash detection. Beyond this technical task, the BIM manager enforced the
established protocols, set up the clash detection rules, and, mostimportantly, managed the
clash resolution process using the predefined priority matrix. The manager's authority and
expertise were critical in ensuring that conflicts were addressed efficiently and that
accountability was maintained. This hands-on management demonstrated thatthe success
of a BIM workflow is inextricably linked to the strategic role of a person who can enforce a
structured process and facilitate inter-disciplinary coordination.

4. Results and Discussion

4.1. Qualitative Outcomes and Findings

The application of this standardized workflow resulted in a fully coordinated federated BIM
model for the hospital building, which yielded several key qualitative outcomes. These
results are not isolated events but are direct and causal consequences of the structured
methodology that was implemented.

e Enhanced Collaboration: The structured information exchange protocol, as
detailed in Section 2.2, ensured that all disciplines worked from the latest, validated
reference models. This forced an integrated approach and significantly reduced
misunderstandings that would have otherwise stemmed from outdated or disparate
information, which is a common problem in traditional design.



e Proactive Clash Resolution: The iterative Coordinated Clash Detection protocol,
described in Section 2.3, enabled the design teams to identify and resolve system
interferences virtually during the design phase. By shifting conflict resolution from
the field to the digital environment, the workflow successfully mitigated potential
construction-phase conflicts and their associated costs, proving the value of a
proactive approach to project management.

e Clear Accountability: The implementation of the clash priority matrix provided a
clear framework for assigning clash resolution tasks to the appropriate discipline.
This mechanism streamlined decision-making and ensured that responsibility for a
given conflict was unambiguous, which is a fundamental requirement for efficient
collaboration.

4.2. Insights on the Critical Role of the BIM Manager

The success of the workflow was decisively influenced by the critical role of the BIM
manager, whose function extended far beyond technical software operation. The manager
served as the central orchestrator of the entire process, responsible for federating the
individual models, setting up effective clash rules, and facilitating inter-disciplinary
coordination. This highlights a fundamental lesson: the success of a structured BIM
workflow is not merely dependent on the technology but on a strategic role with the authority
and expertise to enforce the protocol. The BIM manager's role is a combination of technical
acumen, diplomatic skill, and project management authority, all of which were essential for
ensuring a seamless and efficient collaborative environment.

4.3. Discussion on Replicability and Limitations

The workflow establishes a repeatable standard for future projects, particularly for complex
builds like hospitals where MEP coordination is paramount. The detailed protocol, including
the sequential steps for each discipline and the rule-based approach to clash detection,
provides a framework that can be applied to similar projects. The protocol's strength lies in
its standardized, documented nature, making it highly replicable.

However, a critical analysis of the findings necessitates an acknowledgement of the
research's limitations. The primary limitation is the single-case study nature of the research,
which means the claims of effectiveness and replicability are based on the successful
outcome of one project. The paper also lacks quantitative data, such as specific metrics on
time savings, cost reductions, or a reduction in change orders, which would provide a more
robust validation of its claims. Instead of seeing these as flaws, the project's results should
be viewed as a compelling proof-of-concept. The paper demonstrates the practical



feasibility and qualitative effectiveness of the workflow in a real-world scenario, providing a
strong foundation for future research.

5. Conclusion

This project successfully demonstrates a practical and effective BIM workflow for the multi-
disciplinary design of a complex hospital building. By defining clear stages for model
development, information exchange, and iterative clash detection, the protocol ensures a
high level of coordination before the project reaches the construction site. The proposed
workflow underscores the importance of moving from independent, isolated modeling to
integrated, managed collaboration. This approach not only enhances design accuracy and
constructability but also sets a benchmark for leveraging BIM for complex healthcare
infrastructure projects, ultimately contributing to time and cost savings.

Future Research

To build upon the findings of this case study, future research should aim to provide
quantitative validation of the workflow's benefits. A larger, longitudinal study comparing this
proposed workflow against traditional design methods across multiple projects would
provide the necessary data to substantiate the claims of time and cost savings. Future work
could also investigate the impact of the BIM manager's role on project success and explore
the development of more advanced, automated clash resolution rules.
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