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ABSTRACT:

Successful scheduling is essential in contemporary construction, particularly for complicated mixed-use buildings. This paper examines the application of 4D
simulation in Navisworks to simplify the construction schedule of a 14-story building, consisting of 2 basement parking levels, 5 commercial levels, and 7
office levels, covering 5500 square meters over 668 days. By combining a 3D model with a time schedule, 4D simulation offers a visual means to plan
and track progress. Results prove that such a strategy improves time management, eliminates scheduling clashes, and optimizes project efficiency. 4D
simulation emerges as an effective tool in this study of large-scale construction projects.
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Introduction

Building projects are increasing in magnitude and complexity, with mixed-use buildings that feature residential, commercial, and utility spaces within a
single building. Such projects require accurate planning to coordinate disparate activities within tight timelines and budgets. This study focuses on a 14-
story mixed-use building featuring 2 parking levels underground, 5 commercial floors, and 7 office floors, spread over 5500 square meters and built in
668 days. To address this complexity, | used Navisworks, a Building Information Modeling (BIM) tool, to apply 4D simulation—a process that
combines a 3D model with a time schedule to display construction progress.

Conventional scheduling techniques, such as Gantt charts or spreadsheets, tend not to reflect the spatial dynamics of construction and, as a result,
produce errors such as task overlaps or shortages of resources. For instance, initiating commercial floor construction prior to finishing the foundation
may lead to delays. 4D simulation remedies these challenges by illustrating how the building progresses with time, enabling one to identify and correct
errors early. This is particularly important for mixed-use buildings, where every floor type (parking, commercial, office) possesses different structural
and logistical requirements. This paper seeks to illustrate the real-world advantages of 4D simulation in Navisworks, utilizing the example of the 5500
m?2 project. It supports wider use of BIM tools by indicating how 4D can simplify planning, minimize risks, and improve project results for construction
companies globally.

Methodology

This research used Autodesk Navisworks to create a 4D simulation of a 5500 m2, 14-story mixed-use development, with 2 underground parking levels,
5 commercial floors, and 7 office floors. The approach was aimed at creating a credible, time-integrated model that would manage the 668-day
construction process.

The process was initiated by building a comprehensive 3D model in Navisworks. The model had all 14 levels, with structural elements like concrete
walls, steel columns, floor slabs, and foundation elements. Care was taken to differentiate the underground carpark (heavy loads reinforced concrete),
commercial floors (open spaces for retail), and office floors (flexible partitions). This level of detail made the model reflect accurately the building's
design and construction requirement.

Then, a detailed construction timeline was created, extending over 668 days. The schedule was broken down into four main phases: underground
parking, base and foundation, commercial floors, and office floors. Industry-standard construction rates were used to estimate durations, with
adjustments for the size and complexity of the project, adding up to 668 days (see Table 1). For example, underground parking, which includes
excavation and concrete pouring, was assigned 100 days, whereas the seven office floors, with complex interior work, took 300 days.

The 3D model and schedule were then merged within Navisworks to produce a 4D simulation. Every building component was referenced to the related
task in the timeline, allowing the model to show construction progress dynamically. For instance, on Day 50, the simulation indicated partial
completion of the subterranean parking facility, with column and slabs installed. The simulation was validated through Navisworks' clash detection
function to detect conflicts, e.g., spatial overlaps (e.g., cranes blocking commercial floor activities) or scheduling conflicts (e.g., concurrent tasks in the
foundation stage). Iterative refinement was conducted to eliminate these conflicts, fine-tuning the timeline for efficiency and resource usage.
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This approach leveraged Navisworks' capacity to combine BIM data and temporal data to create a lucid, step-by-step representation of the sequence of
construction. The process was iterative, involving several rounds of simulation to arrive at a conflict-free plan, making it a solid tool for handling the
5500 m? project.

Results and Discussion

The 4D simulation delivered a detailed and actionable plan for the 668-day construction timeline, as outlined in Table 1:
Table 1 - Construction Phases and Durations

Phase D(lg:;:;n Start Day End Day
Underground Parking (2 floors) 100 1 100
Foundation and Base 68 101 168
Commercial Floors (5) 200 169 368
Office Floors (7) 300 369 668
Total 668

The simulation visually confirmed the sequence: underground parking was completed by Day 100, the foundation by Day 168, commercial floors by

Day 368, and office floors by Day 668. This clarity helped ensure each phase transitioned smoothly, avoiding bottlenecks.
Pie Chart 1: Time Allocation Across Phases
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The pie chart (to be embedded in Word) shows that the office floors utilized most of the timeline (45%), because of their quantity and complexity, and
the foundation phase was the shortest (10%), as it had a less complex scope. This division allowed for resource prioritization, making materials and
manpower accessible when needed.

The simulation's strongest aspect was that it was able to pin down and address conflicts. For example, one of the first simulation runs uncovered a
conflict where commercial floor installation might have conflicted with curing of the foundations and potential structural problems. By relocating the
start of the commercial phase to Day 169, the conflict was removed, possibly preventing weeks of rework. Another instance was crane positioning
originally, the simulation indicated cranes blocking parking level access, but relocating them in the model solved the problem.

In addition to conflict resolution, 4D simulation enhanced communication. The graphic model enabled stakeholders engineers, workers, and planners to
comprehend the 668-day plan at an intuitive level. For instance, visualizing the commercial floors increasing by Day 368 assisted contractors in
aligning their schedule. This was a drastic upgrade from the common 2D schedules that perplexed non-technical members of the team.

Image 1: 3D Rendering of the 5500 m2 Mixed-Use Building
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This is a 3D model of the 14-storey building, illustrating 2 basement parking levels, 5 retail floors, and 7 office floors, modeled in Navisworks. The
model demonstrates the design of the 5500 m2 building with clear differentiation between parking, retail, and office areas.
As opposed to traditional means, 4D simulation was quantifiably beneficial. Scheduling mistakes decreased as it granted a forward-thinking perspective
of the 5500 m? building site, preventing materials from showing up late and teams from not working effectively. For a multifaceted project with varied
specifications, this measure was essential for maintaining pace. The results complement industry reports by companies like McGraw Hill that indicate
BIM software like Navisworks is able to trim delays in a project by up to 20%.

Conclusion

This study makes 4D simulation in Navisworks a necessary tool for overseeing complicated building projects. Used to a 5500 m?, 14-story mixed-use
development across 668 days, it created an active, graphic plan that reduced mistakes, optimized resources, and improved coordination. By solving
discrepancies upfront and illuminating the build sequence, 4D simulation kept the project on track and within budget. These findings attest to its benefit
for builders with large, complex buildings.

The implications of the study go beyond this project. 4D simulation can be applied to any construction project where timing and coordination are
paramount, from skyscrapers to infrastructure. Future studies might investigate incorporating cost information (5D simulation) or environmental
conditions, such as weather or site conditions, to further improve planning accuracy. As BIM usage increases, software such as Navisworks will be a
key part of making construction smarter, faster, and more dependable.
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