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Acoustic Design Process for Chapel Project

Executive Summary

This chapel design treats the building structure itself as an acoustic system, minimizing the need
for extensive sound treatments or electronic systems. The design process uses computational
modeling to test how sound will behave in the space before finalizing structural details. While the
building-integrated approach should significantly reduce the need for additional acoustic
interventions, the final design may incorporate electronic assistance or targeted acoustic

treatments as determined by the analysis.

The Acoustic Challenge

Chapels often struggle with poor speech clarity and excessive reverberation. Traditional solutions
involve expensive sound systems or visible acoustic panels added after construction. This project
integrates acoustic function into the building elements themselves, which should dramatically
reduce the need for such additions, though the final design may include minimal electronic or

passive acoustic elements where beneficial.

Design Process

1. Computational Modeling
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The preliminary design uses software modeling to:

e Test how voices and music will sound throughout the space
e Compare different design options
e |dentify potential acoustic issues early

e Create a framework for professional acoustic validation

Development is already underway with approximately 50% of the software modules completed,

including:

e Database structure for tracking design iterations
e Bass frequency analysis module
e Interactive HTML visualization charts

e |Integration framework for combining results

Using Python and established acoustic principles, this custom-tailored approach is more efficient

than adapting commercial acoustic software to this specific building-as-instrument concept.

2. Analysis of Building Elements

Each major building component is analyzed for its acoustic contribution through specific software

modules:

e Bass Module: Models how low frequencies interact with the basement volume
e Mid/High Frequency Module: Analyzes voice projection and clarity
e Room Geometry Module: Tests how the chapel's shape affects sound distribution

e Integration Module: Combines results from all modules for overall predictions

Additional modules can be added as specific acoustic challenges are identified.

3. Architectural Elements with Acoustic Functions

Basement as Bass Management
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e Large volume below sanctuary floor
e Connected through strategic vent placement

e Reduces low-frequency buildup
Wall Configuration

e Thickness varies from altar (10") to rear (6")
e Creates subtle sound distribution effects

e Maintains traditional chapel appearance
Decorative Grilles

e Serve both ventilation and acoustic functions
e Perforation patterns can affect sound behavior

e Integrate naturally with interior design
Steeple Base Geometry

e Can contribute to sound distribution

e Maintains proportions appropriate for chapel architecture

Construction Sequencing

Acoustic Analysis Before Structure

The acoustic modeling should be completed before finalizing:

e Wall positions and thicknesses
e Floor vent locations and sizes
e |[nterior surface treatments

e Ceiling configuration
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Development Process

N

Initial Design: Based on program requirements and site
Preliminary Acoustic Analysis: Computer modeling of sound behavior
Design Refinement: Adjust geometry based on analysis

Professional Review: Licensed acoustician validates approach

aor W

Structural Design: Proceed with final structural engineering

Professional Validation

e Preliminary modeling provides design direction
e Acoustic consultant reviews and validates approach
e May be affiliated with professional organizations (ASA, NCAC, etc.)

e Selected based on experience and client confidence

Deliverables

From Preliminary Analysis:

1. Design Framework: Building geometry options for acoustic performance
2. lIssue Identification: Potential acoustic challenges and solutions
3. Integration Opportunities: Where building systems can serve multiple functions

4. Analysis Documentation: Package for acoustic professional review

From Professional Acoustician:

1. Validated Specifications: Professional review and recommendations
2. Performance Predictions: Expected acoustic measurements
3. Construction Details: Critical elements for builders

4. Third-Party Review: Independent validation of acoustic approach
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Design Approach

This process:

e Considers sound behavior from the start

e Uses building elements for primary acoustic control

e Minimizes the need for add-on acoustic solutions

e |eaves flexibility for electronic or passive acoustic elements where beneficial

e Aims for natural sound quality appropriate to worship

By integrating acoustic performance into the architecture itself, any additional systems - whether
electronic amplification, sound absorption panels, or other acoustic treatments - should be

minimal compared to typical chapel installations.

Risk Considerations

Starting construction without acoustic analysis risks:

e Poor speech intelligibility

e Need for extensive retrofit sound systems

e Conflicts between structural and acoustic needs
e Missed opportunities for integrated design

e Higher costs for post-construction acoustic solutions

Conclusion

The acoustic design process forms the foundation for a chapel that sounds as good as it looks.
By modeling sound behavior early and having it professionally validated, the building can achieve
excellent acoustics through its fundamental design rather than through add-on systems. The

structural design follows the acoustic analysis to ensure all systems work together effectively.
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Technical Appendix: Acoustic Modeling Methodology

For Technical Review:

The computational modeling system uses custom Python modules built on acoustic physics
principles, as existing open-source tools are not designed for building-integrated acoustic
systems. Standard acoustic software focuses on conventional room treatments rather than

structural acoustic integration.
Primary Calculations:

e RT60 (Reverberation Time): Time for sound to decay by 60 dB, using modified Sabine
equations adapted for coupled spaces

e STI (Speech Transmission Index): Speech intelligibility metric (0-1 scale, >0.6 = good
clarity)

e Absorption: Surface and volume absorption effects in frequency bands

e Coupled Volumes: Custom algorithms for basement-sanctuary acoustic coupling
Methodology: The modules implement established acoustic equations but extend them for:

e large coupled volumes (basement plenum to sanctuary)
e Distributed acoustic elements (wall cavities as conduits)

e Building-scale resonance effects
Limitations:

e Expect results validation by acoustic professionals
e The building-integrated approach requires custom modeling beyond standard tools

e Final accuracy depends on professional measurement and validation
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The custom approach is necessary because commercial and open-source acoustic software
typically models rooms with added treatments, not buildings designed as integrated acoustic
systems. Standard tools focus on analyzing spaces after construction or adding acoustic
elements to completed rooms. This project requires modeling how the building structure itself -
walls, floors, and volumes - work together acoustically from the design phase. The custom
modules address this gap by extending established acoustic principles to building-scale

integration.
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