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Design Goals 
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Design Constraints 
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Industry Connections 

Figure 2. Builder-provided schematic plans 

Figure 1. Builder-provided site plan 
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Site Inventory 

Climate Implications: 
• Need for Solar Shading 
• 6 Mild Months 
• Strong Temperature Swings 
• Solar is Viable 

 

 
 Figure 3. US Climate Zone Map 

Figure 4. Indiana Climate Zone Map 

Zone 5 

Zone 4 
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Site 
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Site 

Concept:  A Forest Refuge 
refuge - a place that provides shelter, protection (Merriam-Webster)  

a place to hide, have privacy (thesaurus.com) 
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Architectural Design 

Shelter from 
the Road 

Visual Connection 
to the Outdoors 

Physical Connection 
to the Outdoors 
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Architectural Design 

Reduce to 1600 SF Plan 

Reevaluate Glazing Situation 

Livable Space to South Side 

Functional Space 
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Architectural Design 

Street Privacy 

Sheltered Entry 

Screened Dogtrot 

Solar Shading 

Outdoor Living 

Solar Production 

 

 

Figure 5. Front of home axonometric 

Figure 6. Rear of home axonometric 
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Materials 
Reclaimed Exterior Materials 
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Team Woodridge Transformations Plan Presented by LWB 

Plan Transformation 

Figure 7. LWB Original Schematic First Floor Plan Figure 8. Team Woodridge New First Floor Plan 
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Interiors 
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Lighting 

Haiku light 

Luxmode pendant 

Surface-mount LED 

Haiku fan, 84” 

Haiku fan, 52” 

Figure 9. First Floor Reflected Ceiling Plan 
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Appliances 
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Figure 10. Double Stud Wall System 

Figure 11. OVE Value-Engineered Wall System 

Wall Selection 

Double Stud Wall 
2x8 Base / 2x4 Studs 
R-43.1 (30.5 Cavity + 12.6 Continuous) 
Mitigate thermal bridging 
 

Optimum Value-Engineered Wall 
2x6 Stud Wall 
R-35.7 (23.1 Cavity + 12.6 Continuous) 
HERS score increase of 1point 
Reduced Materials 
Less Labor Costs 
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Continuous Wall System 

ZIP System® R-Sheathing 
2” Insulation 
1/2” Sheathing 
Integrated + Parallel Control Layers 
 
• Water-Resistant Barrier, 
• Taped Joint Seams 
• Continuous Air Barrier 
• Continuous Insulation 
 

Builder-Approved 
LWB has experience with ZIP System® 
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Foundation + Roof 
Pre-engineered Clinch Plate Truss 
Installation Efficiency 
Reduced Material 

Insulated Concrete Form Foundation 
Thermal Performance 
Robust System  
Aligned Control Layers 

Figure 12. Clinch-plate roof truss 
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ICF – Wall Joint 

Version 1 Version 2 Version 3 

Figure 13. 1st Floor/Wall Connection Assembly Figure 14. 2nd Floor/Wall Connection Assembly 

Figure 15. 3rd Floor/Wall Connection Assembly 
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ICF - Wall Joint 

Figure 16. Wall – Foundation Control Layer Joint 

Caulk 
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Roof – Wall Joint 

Figure 17. Wall – Roof Control Layer Joint 
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Software 

Official HERS Index Value 

Corroborate HERS, Optimization 

Passive Envelope Performance 

Hygrothermal Modeling 
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HERS Analysis 

Original plan, modeled with 2015 IECC 
Original plan, modeled with 2009 IECC 

WFA from 33% to 15% 
Envelope specs to BSU targets 

EnergyStar appliances 
Supply only ventilation to 

Balanced with ERV 
Demand-initiated recirculating 

loop for DHW 

Induction range Final HVAC specs from designer/installer Tank hot water heater to tankless 

6 kW photovoltaic system 
-3 

41 41 45 47 49 
69 72 

88 
105 

121 

Figure 18. HERS Score Analysis and Transformation 
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dew point 

dew point 

Moisture and Dewpoint 
½” EPS 
½” OSB 

lines touch in cavity 

2” EPS 
½” OSB 

lines come close but don’t touch 

Double-stud wall 

2x6 OVE wall 
Figure 19. Double Stud Wall Thermal Gradient 

Figure 21. OVE Wall Thermal Gradient 

Figure 22. OVE WUFI Analysis 

Figure 20. Double Stud WUFI Analysis 
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Bulk Water Control 

Sloped roof with overhangs ZIP system insulated sheathing 

Image from Huber Wood Systems 

Figure 23. Rear Home Axonometric Roof 
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Air Control 

1ACH50 

Field Observation 
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Thermal Control 

R-4.2 per inch 

R-23.1 total for cavity 

“Spider” blown fiberglass ZIP system insulated sheathing 

R-12.6 total continuous  
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Vapor Control 
Building Science Corp. 

Recommendation 
Forest Refuge Home 

Adaptation 

Figure 24. BSC Recommended Vapor Profile Figure 25. Forest Refuge Vapor Profile 



Team Woodridge 
Ball State University 

Architecture Interiors Constructability Energy Envelope LEED Innovation MEP  IAQ Finances 

Resilience 

Passive Survivability 

90˚ 

Forest Refuge Home Code-Compliant “Twin” Home 

50˚ 

Figure 26. Indoor Temperature Analysis 
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MEP Design  
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Heating Cooling

REM Rate Calculations 

Contractor Design 
Conversations 

Optimal System 
Selection 

Design Process Design Loads 

Figure 27. Heating and Cooling Design Loads 
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Mechanical Equipment 

Heat Pump Outdoor Unit 

Variable Capacity 
 

22 kBTUs Heating (5° F) 
20 kBTUs Cooling 
(SEER 15.0 / EER 11.0) 
 

Heating COP: 
3.70 @ 47° F 
2.53 @ 17° F 
 

Cooling COP: 
3.22  
 
 
 
 

Dual-Zone Control 
9k BTU + 12k BTU 
 
MERV 8 Filtration 
 

Ducted Mini-Split Indoor Unit (2) 

Whole-Home ERV 
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Duct Layout 

Return Air 

Air Plenum 

Supply Air 

Figure 28. Ventilation Strategy Figure 29. Forest Refuge Home Duct layout 

Figure 30. Return Duct Layout 
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Hot Water System 

Speculative Design 

Builder Design 
Conversations 

Ideal System Selection 

Design Process Selection 

50 GAL 
Electric / 3.5 EF 

∞ GAL 
Gas / .96 EF 

Rinnai Ultra 
Tankless Unit 
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Layout Design 

Figure 31. Plumbing Layout 
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Recirculation 

Built-In Recirculation 
Integrated Pump 
No Water Wasted 
Layout Already Optimized for Recirculation 

On-Demand Operation 
Keep Benefits of Recirculation 
Minimizes Excess Wasted Energy 
Control-R System Integrated w/ System 

Figure 32. Plumbing Layout 
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Interior Air Quality 

Sealed 
Envelope 

Contaminant 
Mitigation 

Ventilation + 
Filtration 
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Sealed Envelope 
Sealed 

Envelope 
Contaminant 

Mitigation 
Ventilation + 

Filtration 

Figure 33. Envelope Sealing Plan 

• Minimize Ceiling 
Penetrations 

• Seal  Wall + Ceiling 
Penetrations 
 

• Bathroom Ventilation 
• Rangehood Ventilation 
• Home Ventilation 
• Plumbing Vents 
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Contamination Mitigation 

• No Open Combustion 

• Walk-off Entrance Mats 

• Garage Separation 

• Range Hood Ventilation 

• No Carpet 

 

 

Sealed 
Envelope 

Contaminant 
Mitigation 

Ventilation + 
Filtration 

Figure 34. IAQ Plan showing garage separation 
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Ventilation 
Sealed 

Envelope 
Contaminant 

Mitigation 
Ventilation + 

Filtration 

“Build Tight,  Ventilate Right”  
• Pressure Balanced Ventilation 
• Recover Humidity and Heat when Possible 
 

Whole Home Ventilation 
• ERV in Conditioned Crawlspace 

 

Localized Ventilation 
• Humidistat-controlled Ventilation (ERV)  

in Bathrooms 
• Rangehood w/ Makeup Air 
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Bloomington, IN 

https://res5.cloudinary.com/simpleview/image/fetch/c_limit,f_auto,h_1200,q_75,w_1200/https://res.cloudinary.com/simpleview/image/upload/c
rm/bloomington/Canopy-of-Lights_4505bacb-5056-a36a-06eebab1a93e254e.jpg 

Industry Partner 



Team Woodridge 
Ball State University 

Architecture Interiors Constructability Energy Envelope LEED Innovation MEP  IAQ Finances 

Bloomington Market 

Figure 35. Bloomington Real Estate Market Trends, 2014-2017 
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Bloomington Market 

Figure 36. Bloomington Real Estate Market Trends, 2014-2017 
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Cost Estimate 

$483,749 
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Construction Cost 

 $16,825  

 $23,401  

 $47,036  

 $35,473   $32,959  

 $72,241  

 $16,254  
 $2,265  

 $10,761  

 $27,453  

 $47,589  

 $79,419  

 $37,301  

 $79,756  

 $24,705  

 $16,359  

Site Work

Foundations

Framing

Exterior Finishes

Major Systems

Interior Finishes

Final Steps

Other/Renewable Energy

$246,454 

NAHB 2013 

Average 

$323,343 
Forest Refuge 

Home 

Figure 37. NAHB Average and Forest Refuge Construction Cost Breakdowns 
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Affordability 

28% households 

14.8% 

5.7% 7.5% 

Debt-to-Income 

$100,000 37% 

$125,000 31% 

$175,000 23% 

$200,000 21% 

$150,000 27% 

Figure 38.  Affordability and Family Income Projections 



Team Woodridge 
Ball State University 

Architecture Interiors Constructability Energy Envelope LEED Innovation MEP  IAQ Finances 

LEED for Homes 

Design Team ARCH 632 Team 

Forest Refuge 
Home 
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Projected LEED Points 

15 7 12 38 10 16 6 4 

2 5 5 36 7 13.5 2 4 

PROJECTED TOTAL:  74.5 / 110 PROJECTED RATING:  GOLD 
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LEED 

• Location constrains Platinum 

• Impressive EA Score 

• Good MR, IEQ Scores 

Figure 39. Projected LEED Points 
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Innovation 

Figure 40.  ICF Wall Foundation Detail 
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Innovation 

ARCH 632 ARCH 633 

TEAM 
WOODRIDGE 

CONSTRUCTION MGMT. 
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Next Steps 
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Chris Reinhart Luke Kamp 
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