Nineteenth Annual Building Science Symposium August 5, 2015

The Long and Winding Road
Remediation of ASHRAE 160

Samuel V. Glass, Christopher Schumacher, Kohta Ueno

Westford Symposium on Building Science XIX
August 5, 2015

1: Get Back

Glass, Schumacher and Ueno 1 of 51



Nineteenth Annual Building Science Symposium August 5, 2015

Standard 160 contents

. Purpose

. Scope

. Definitions, Abbreviations, and Symbols
. Criteria for Design Parameters

. Moisture Performance Evaluation Criteria

1
2
3
4
5. Criteria for Selecting Analytical Procedures
6
7. Reporting

8

. References

Glass, Schumacher and Ueno 2 of 51



Nineteenth Annual Building Science Symposium August 5, 2015

“6.1 Conditions Necessary to Minimize Mold Growth. In order
to minimize problems associated with mold growth on the
surfaces of components of building envelope assemblies, the
following condition shall be met: a 30-day running average
surface RH < 80% when the 30-day running average surface
temperature is between 5°C (41°F) and 40°C (104°F).B-22

“Materials that are naturally resistant to mold or have been
chemically treated to resist mold growth may be able to resist
higher surface relative humidities and/or to resist for longer
periods as specified by the manufacturer. The criteria used in the
evaluation shall be stated in the report.”

(Addendum a to Standard 160-2009)

“B-22The source for the
criteria for mold growth is
Annex 14, Condensation
and Energy, “Guidelines
and Practice” (IEA 1991) ...
with added temperature
criteria”

Conceptual incompatibility
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2: Help!

WUFI Hygrothermal Analysis:
“Traditional” Brick Veneer Wall
in Chicago, IL

Glass, Schumacher and Ueno 4 of 51



Nineteenth Annual Building Science Symposium

August 5, 2015

A “Traditional” Brick Veneer Wall

Remediation of ASHRAE 160

9
© buildingscience.com

A “Traditional” Brick Veneer Wall

Remediation of ASHRAE 160
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Chicago Outdoor Climate

1
Remediation of ASHRAE 160 © buildingscience.com

“Traditional” BV Wall assessment using
Previous ASHRAE Mold Criteria

Assume conditions for mold growth: 30 Day Running Avg RH > 80%
30 Day Running Avg 5°C > Temp > 40°C

12
Remediation of ASHRAE 160 © buildingscience.com
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“Traditional” BV Wall assessment using
Previous ASHRAE Mold Criteria

Assume conditions for mold growth: 30 Day Running Avg RH > 80%
30 Day Running Avg 5°C > Temp > 40°C

13
Remediation of ASHRAE 160 © buildingscience.com

“Traditional” Brir' or Wall
cles ?

work ir » ~acago.

2
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3: Hello Goodbye

For the Full Story...

= BA-1501: Monitoring
Double-Stud Wall Moisture
Conditions in the Northeast

» http://buildingscience.com/
documents/bareports/
ba-1501-monitor-double-
stud-moisture-conditions-
northeast/view

= A monitoring study with
disassembly at conclusion

16
Remediation of ASHRAE 160 © buildingscience.com
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Experimental Setup

Remediation of ASHRAE 160 "

© buildingscience.com

Wall Construction

= Vinyl siding

= ZIP wall sheathing (OSB)
» 12" ocSPF, double stud

= Considering cellulose

= Class Ill vapor control
(latex paint) on GWB
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Boundary Conditions Takeaways

» First Winter (Partial)
= Unoccupied conditions (no occupant moisture generation)
= Very low interior RH
= Wimpy winter (6220 HDD vs. 6220 HDD “normal”)
= Second Winter
= Occupied family of four (2 adults, 2 children)
= Ventilation system not running, ~1 ACH 50 — High RHs
» Third Winter
= Winter of the “polar vortex”
= Occupied conditions (same family)
= Ventilation system running — RHs ~15-30% (“normal”)

27
Remediation of ASHRAE 160 © buildingscience.com

Results: Wall
Monitoring

28
Remediation of ASHRAE 160 © buildingscience.com
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Sheathing Moisture Content (North)
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South Side Disassembly

S2 S1
(12” cellulose) (12 ocSPF)

s3
(5-%4” 0cSPF)

Remediation of ASHRAE 160 © buildingscience.cosni
South Side Disassembly
S2
S1 (12” cellulose)
(12” ocSPF)
Remediation of ASHRAE 160 © buildingscience.cosné
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North Side Disassembly

N2 N1
(12” cellulose)(12” ocSPF)
N3
(5-'2" ocSPF)

Remediation of ASHRAE 160 © buildingscience.cosn:
North Side Disassembly
N1
(12” ocSPF)
N2
(12” cellulose)
Remediation of ASHRAE 160 © buildingscience.c03n81
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North Side Disassembly

N2
(12” cellulose)

39

Remediation of ASHRAE 160 © buildingscience.com
Analysis

L 40

Remediation of ASHRAE 160 © buildingscience.com
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4: With A Little Help From My Friends

Ojanen, Viitanen, et al. (2010) Mold Growth Modeling of Building
Structures Using Sensitivity Classes of Materials. Buildings XI.

Mold index
| index |Descripton |

0 No growth

Small amounts of mold on surface (microscope);

initial stages of local growth

Several local mold growth colonies on surface (microscope)
|:> Visual findings of mold on surface; <10% coverage

Visual findings of mold on surface; 10% - 50% coverage

Plenty of growth on surface; > 50% coverage

o U B WN

Heavy and tight growth; coverage about 100%

Based on Ojanen, Viitanen, et al. (2010)

Glass, Schumacher and Ueno 22 of 51
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Threshold conditions

Current Std 160
criterion

Based on Viitanen and Ojanen (2007)

Mold index model — key variables

Surface T, RH

Material sensitivity
(nutrient levels, chemical
composition, pH)

Glass, Schumacher and Ueno 23 of 51
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Measurements

Ojanen, Viitanen, et al. (2010)

Measurements

Ojanen, Viitanen, et al. (2010)

Glass, Schumacher and Ueno
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Material sensitivity classes

Sensitivity Class | Materials |

Very Sensitive Pine sapwood

Sensitive Glued wooden boards, PUR with paper
surface, spruce

Medium Resistant Concrete, aerated and cellular concrete,
glass wool, polyester wool

Resistant PUR with polished surface

Based on Ojanen, Viitanen, et al. (2010)

Model logic

Glass, Schumacher and Ueno 25 of 51
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5: Don’t Let Me Down

* Mold index is calculated based on
measured surface temperature and relative

humidity in double-stud walls
* OSB is modeled as Sensitive Class
* Mold index decline coefficient = 0.3

12” ocSPF walls
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5.5” ocSPF walls
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6: Here Comes the Sun

Vancouver, BC
Unvented Cathedral Ceiling

Glass, Schumacher and Ueno 28 of 51
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Unvented Cathedral Ceilings (UCCs)

Conventional Ventilated Unvented
Cathedral Ceiling Cathedral Ceiling
. 57
Remediation of ASHRAE 160 © buildingscience.com

Vancouver, BC
Unvented Cathedral Ceiling Study

58
Remediation of ASHRAE 160 © buildingscience.com

Glass, Schumacher and Ueno 29 of 51



Nineteenth Annual Building Science Symposium August 5, 2015

Unvented Cathedral Ceiling Assembly

o
Remediation of ASHRAE 160 © buildingscience.cosnsi
Sensor Locations
O O
o o
Front (South) Elevation Rear (North) Elevation
Remediation of ASHRAE 160 © buildingscience.coen(:
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UCC Measured Moisture Contents

61
Remediation of ASHRAE 160 © buildingscience.com

UCC Measured Temperatures

62
Remediation of ASHRAE 160 © buildingscience.com
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Vancouver UCC assessment using Mold
“Rule of Thumb”

Assume conditions for mold growth: Moisture Content > 20%wt
& Temperature > 5°C

63
Remediation of ASHRAE 160 © buildingscience.com

Vancouver UCC assessment using Mold
“Rule of Thumb”

Assume conditions for mold growth: Moisture Content > 20%wt
& Temperature > 5°C

64
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...but no mold was visible...

Remediation of ASHRAE 160

65
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Vancouver UCC assessment using
Previous ASHRAE 160 Mold Criteria

Assume conditions for mold growth: 30 Day Running Avg RH > 80%
30 Day Running Avg 5°C > Temp > 40°C

67
Remediation of ASHRAE 160 © buildingscience.com

Vancouver UCC assessment using
Previous ASHRAE 160 Mold Criteria

No Mold Predicted

Assume conditions for mold growth: 30 Day Running Avg RH > 80%
30 Day Running Avg 5°C > Temp > 40°C

68
Remediation of ASHRAE 160 © buildingscience.com
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UCC Measured Relative Humidity

69
Remediation of ASHRAE 160 © buildingscience.com

Vancouver UCC assessment using
Proposed ASHRAE 160 Mold Index

No Visible Mold Predicted

Assume conditions for mold growth and decline based on Revised VTT model

70
Remediation of ASHRAE 160 © buildingscience.com
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Vancouver UCC Research Summary

Performance Model Agrees with
Observation

“Rule of Thumb”
(over 20% MC & 5°C) x

Previous ASHRAE 160 Mold Criteria J
(over 80% RH & between 5 and 40°C)

Proposed ASHRAE 160 Mold Index ,
(revised VTT Mold Index Model)

71
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Coquitlam, BC
Unvented Cathedralized Attics

Glass, Schumacher and Ueno 36 of 51
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Unvented Cathedralized Attics (UCAS)

Conventional Unvented
Ventilated Attic Cathedralized Attic
. 73
Remediation of ASHRAE 160 © buildingscience.com

Coquitlam, BC
Unvented Cathedralized Attic Study

74
Remediation of ASHRAE 160 © buildingscience.com
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Coquitlam Hut Measured Indoor
and Outdoor Temperatures

75
Remediation of ASHRAE 160 © buildingscience.com

Coquitlam Hut Measured Indoor
and Outdoor Dewpoints

76
Remediation of ASHRAE 160 © buildingscience.com
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Vented Attic Assembly

\Y
@"«‘x
B\

Roof Panel 1

Vented Attic (fiberglass batt)

Frame: 2 x4 truss

Interior Surface/Finish: 1/2" drywall + paint
Vapour/Air Barrier 6 mil poly at ceiling
Thermal Insulation R-32 friction fit batt
Exterior Sheathing 1/2" OSB
Air/Weather Barriers nla

Exterior Cladding asphalt shingles

Remediation of ASHRAE 160

7
© buildingscience.com

Vented Attic Assembly

Remediation of ASHRAE 160

78
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Vented Attic Assembly

Remediation of ASHRAE 160 ©bui|dingscience_co7n91
Vented Attic Measured Dewpoint
Remediation of ASHRAE 160 ©bui|dingscience_c08rg
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Vented Attic Measured RH

81
Remediation of ASHRAE 160 © buildingscience.com

Vented Attic Measured Temperature

82
Remediation of ASHRAE 160 © buildingscience.com
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Previous ASHRAE 160 Mold Criteria

30 Day Running Avg RH > 80%

Assume conditions for mold growth:
30 Day Running Avg 5°C > Temp > 40°C

83
© buildingscience.com

Remediation of ASHRAE 160

~oquitlam Vented At .

Previous ASHRAE 160 Mold Criteria

30 Day Running Avg RH > 80%

Assume conditions for mold growth:
30 Day Running Avg 5°C > Temp > 40°C

84
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No Visible Mold @ 2 yrs

Remediation of ASHRAE 160 © buildingscience.cosni
No Visible Mold @ 9 yrs
Remediation of ASHRAE 160 © buildingscience.cosné
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Coquitlam Vented Attic assessment using
Proposed ASHRAE 160 Mold Index

No Visible Mold Predicted

Assume conditions for mold growth and decline based on Revised VTT model

87
Remediation of ASHRAE 160 © buildingscience.com

Coquitlam Hut Vented Attic Summary

Performance Model Agrees with
Observation

Previous ASHRAE 160 Mold Criteria x
(over 80% RH & between 5 and 40°C)

Proposed ASHRAE 160 Mold Index J
(revised VTT Mold Index Model)

88
Remediation of ASHRAE 160 © buildingscience.com
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Unvented Cathedralized Attic Assembly

Roof Panel 3

Frame:
Interior Surface/Finish:
N Vapour/Air Barrier
Gl Thermal Insulation

Exterior Sheathing
Air/Weather Barriers
Exterior Cladding

Unvented Attic (sprayed foam)

2 x 4 truss

1/2" drywall + paint

latex paint on ceilings

sprayed poly ISO
(top chord truss)

1/2" 0SB

n/a
asphalt shingles

Remediation of ASHRAE 160 © buildingscience.cosnsi
Unvented Cathedralized Attic Assembly
Remediation of ASHRAE 160 © buildingscience.cogn(:
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UCA Measured Dewpoint

91
Remediation of ASHRAE 160 © buildingscience.com

UCA Measured RH

92
Remediation of ASHRAE 160 © buildingscience.com
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UCA Measured Temperature

93
Remediation of ASHRAE 160 © buildingscience.com

Coquitlam UCA assessment using
Previous ASHRAE Mold Criteria

Assume conditions for mold growth: 30 Day Running Avg RH > 80%
30 Day Running Avg 5°C > Temp > 40°C

94
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Coquitlam UCA assessment using
Previous ASHRAE Mold Criteria

Assume conditions for mold growth: 30 Day Running Avg RH > 80%
30 Day Running Avg 5°C > Temp > 40°C

95
Remediation of ASHRAE 160 © buildingscience.com

No Visible Mold @ 9 yrs

96
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Glass, Schumacher and Ueno 48 of 51



Nineteenth Annual Building Science Symposium August 5, 2015

No Visible Mold @ 9 yrs

97
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Coquitlam UCA assessment using
Proposed ASHRAE Mold Index

98
Remediation of ASHRAE 160 © buildingscience.com
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Coquitlam Hut Unvented

Cathedralized Attic Summary

Performance Model Agrees with
Observation

Previous ASHRAE 160 Mold Criteria x
(over 80% RH & between 5 and 40°C)

Proposed ASHRAE 160 Mold Index ,
(revised VTT Mold Index Model)

99
Remediation of ASHRAE 160 © buildingscience.com

7: Come Together

* Mold index model is a big improvement over
the previous Std 160 mold criterion

* Test cases using measurements show that
model agrees with observations

* Need to run more test cases with visible
mold growth

* Addendum to Std 160 coming soon for public
review

Glass, Schumacher and Ueno 50 of 51
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Questions?

Remediation of ASHRAE 160
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