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Executive Summary

Traditional acoustic design for worship spaces relies on post-construction interventions—sound
systems, acoustic panels, and retrofitted treatments that compromise architectural aesthetics
while adding significant cost. This white paper presents an alternative methodology:
building-integrated acoustic design, where the structure itself functions as an acoustic
instrument.

This approach uses computational modeling during the design phase to optimize acoustic
performance through architectural elements—wall configurations, coupled volumes, and
integrated systems—rather than add-on solutions. Early analysis indicates this method can
achieve superior acoustic performance while reducing both construction costs and visual
intrusion of traditional acoustic treatments.

Key Benefits:

e Reduced dependence on electronic amplification systems
e Elimination of visible acoustic panels that compromise sacred aesthetics
e |ower total project costs through integrated rather than additive solutions
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e Enhanced speech intelligibility and musical clarity through structural design

The Acoustic Challenge in Sacred Spaces

Current Industry Standards

Contemporary worship facility design typically follows a sequential process: architectural design
= structural engineering = acoustic consultation » remedial treatments. This approach often
results in:

Poor speech intelligibility due to excessive reverberation times (RT60 > 2.0 seconds)
Expensive retrofit solutions averaging $50,000-150,000 for 400-seat facilities
Aesthetic compromise through visible acoustic panels and equipment

Ongoing maintenance costs for electronic amplification systems

The Building-as-Instrument Paradigm

Building-integrated acoustic design treats the entire structure as a resonant system, optimizing
acoustic performance through:

Coupled volume acoustics - Strategic use of basement and plenum spaces

Variable wall geometries - Thickness transitions that shape sound distribution
Integrated ventilation systems - Acoustic coupling through functional building elements
Structural acoustic elements - Load-bearing components optimized for sound
performance

IS

Methodology: Computational Acoustic Modeling

Custom Software Development

Standard acoustic software (CATT-Acoustic, EASE, Odeon) focuses on conventional room
treatment analysis rather than building-scale acoustic integration. This project requires custom
computational tools that model how structural elements interact acoustically.

Current Development Status:

Database architecture: 100% complete

Bass frequency analysis module: 75% complete
Mid/high frequency analysis: 60% complete
Integration framework: 45% complete
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e Visualization components: 80% complete

Core Analytical Modules
1. Bass Management Module

e Models low-frequency interaction between sanctuary and basement volumes
e Calculates acoustic coupling through strategic vent placement
e Optimizes volume ratios for controlled bass response

2. Speech Intelligibility Module

e Analyzes voice projection patterns using Speech Transmission Index (STI)
e Maps clarity zones throughout seating areas
e Optimizes wall configurations for speech clarity

3. Geometry Optimization Module

e Tests acoustic effects of ceiling height variations
e Models sound distribution patterns for different architectural configurations
e Balances acoustic performance with structural requirements

4. Integration Analysis

e Combines results from all modules for comprehensive acoustic prediction
e |dentifies potential acoustic conflicts early in design process
e Generates recommendations for architectural modifications

Validation Methodology
Phase 1: Computational Modeling

e Custom Python-based analysis using established acoustic principles
e Modified Sabine equations for coupled-space reverberation calculations
e STl analysis for speech intelligibility prediction

Phase 2: Professional Review
e Licensed acoustician validation of computational results
e Third-party verification of methodology and conclusions
e Refinement of design based on professional recommendations

Phase 3: Performance Verification

e Post-construction acoustic measurements
e Comparison of predicted vs. actual performance metrics
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e Documentation of lessons learned for future projects

Technical Implementation

Architectural Acoustic Elements
Basement Plenum System

Large-volume space beneath sanctuary floor

Connected to main space through calculated vent openings
Functions as acoustic bass trap while serving mechanical systems
Reduces low-frequency buildup that causes muddiness

Variable Wall Configuration

e Thickness transition from 10" at altar to 6" at rear
e Creates subtle acoustic focusing toward speaking area
e Maintains traditional chapel proportions while optimizing sound

Integrated Ventilation Grilles

e Perforation patterns designed for acoustic as well as airflow function
e Strategic placement for sound coupling between spaces
e Aesthetic integration with interior design elements

Structural Acoustic Elements

e Glulam arch trusses positioned to enhance sound distribution
e Ceiling geometry optimized for acoustic reflection patterns
e Material selections based on acoustic as well as structural properties

Performance Targets
Primary Metrics:

RT60: 1.2-1.6 seconds (optimal for combined speech and music)
STI: >0.65 throughout seating area (excellent speech intelligibility)
C80: >2 dB for speech clarity

Sound Level Uniformity: +3 dB variation across seating

Secondary Benefits:

e Reduced HVAC noise through acoustic design of mechanical systems
e Enhanced musical performance through optimized reverberation characteristics
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e Improved congregational singing through controlled room acoustics

Risk Assessment and Mitigation

Technical Risks
Computational Model Accuracy

e Risk: Custom software may not accurately predict real-world performance
e Mitigation: Professional acoustician validation and conservative design margins

Construction Precision Requirements

® Risk: Acoustic performance depends on precise execution of design details
e Mitigation: Detailed construction documentation and quality control protocols

Performance Verification

e Risk: Post-construction measurements may reveal unforeseen acoustic issues
e Mitigation: Flexible design approach allowing for minor adjustments

Financial Considerations
Development Investment

e Custom software development represents upfront cost
e Offset by elimination of traditional acoustic consultant fees for standard projects
e Scalable methodology applicable to multiple projects

Construction Cost Impact

e Minimal cost increase for optimized structural elements
e Potential savings through reduced electronic systems requirements
e Long-term maintenance cost reduction

Comparative Analysis

Traditional Acoustic Design Process

1. Complete architectural design
2. Structural engineering
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3. Acoustic consultation (often identifying problems requiring expensive solutions)
4. Retrofit acoustic treatments
5. Electronic system installation

Typical Costs: $75,000-200,000 for acoustic systems in 400-seat facility

Building-Integrated Approach

Preliminary architectural design

Computational acoustic modeling

Design optimization based on acoustic analysis
Professional validation

Integrated construction

aswN S

Estimated Costs: $25,000-50,000 for integrated acoustic optimization

Performance Comparison
Traditional Approach:
e RT60: Often 2.0+ seconds requiring electronic compensation
STI: 0.45-0.55 (fair to good with amplification)
e Visual impact: Significant due to added acoustic elements

Integrated Approach (Projected):

e RT60: 1.2-1.6 seconds through structural design
e STI: 0.65+ (excellent without ampilification)
e Visual impact: Minimal, maintaining architectural integrity

Implementation Timeline

Phase 1: Design Development (Weeks 1-8)

e Complete computational acoustic modeling
e Generate architectural recommendations
e Professional acoustician review and validation

Phase 2: Design Integration (Weeks 9-12)

e Incorporate acoustic requirements into structural design
e Finalize construction documentation
e Contractor briefing on critical acoustic elements
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Phase 3: Construction Phase (Months 4-12)

e Quality control monitoring of acoustic-critical elements
e Progress verification measurements
e Final commissioning and performance verification

Phase 4: Performance Documentation (Month 13)

e Comprehensive acoustic measurements
e Performance report comparing predicted vs. actual results
e Documentation of lessons learned for methodology refinement

Conclusions and Recommendations

Building-integrated acoustic design represents a paradigm shift from remedial to preventive
acoustic engineering. By modeling acoustic performance during architectural design rather than
after construction, this approach offers several advantages:

Technical Benefits:

e Superior acoustic performance through optimized structural design
e Reduced dependence on electronic systems and visible treatments
e Enhanced architectural integrity through integrated rather than additive solutions

Economic Benefits:

e Lower total project costs through elimination of extensive retrofit solutions
e Reduced long-term maintenance costs
e Scalable methodology applicable to multiple project types

Implementation Recommendations:

1. Immediate: Complete computational modeling development and validation
2. Short-term: Engage professional acoustician for methodology review

3. Maedium-term: Document first project implementation as case study

4. Long-term: Develop standardized protocols for broader industry adoption

This methodology offers significant potential for improving acoustic design in sacred spaces
while reducing costs and preserving architectural aesthetics. The approach merits further
development and validation through pilot project implementation.
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About North Star Group

North Star Group, Inc. specializes in integrated building design solutions that optimize multiple
building systems through unified design approaches. The firm's building-integrated acoustic
methodology represents ongoing research into cost-effective, high-performance design
strategies for specialized building types.

Contact Information:
North Star Group, Inc.
19901 Quail Circle
Fairhope, AL 36532
701-770-9118
michaelh@nsgia.com

This white paper presents preliminary research findings. All performance projections are based
on computational modeling and require validation through professional review and constructed
project verification.
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