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Introduction   

Overview 

Evoke Buildings Engineering Inc. (Evoke) was contracted by Northstar Technologies Group to 
evaluate the hygrothermal performance of the Northstar Exterior Wall Panel system with STRONGIRT 
cladding attachment and 2 inches of exterior insulation for the Seattle climate.  

The STRONGIRT cladding attachment (installed either vertically or horizontally) is a fiberglass girt for 
exterior insulation applications. The wall assembly is insulated with 2 inches of exterior mineral wool 
insulation (R-4.2/inch) installed outboard the sheathing and 6 inches installed in the stud cavity.  
The evaluated wall assembly includes repetitive fiberglass studs at 24” o.c. and perimeter panel 
joints for a 48”x96” panel size.   Figure 1 outlines the Northstar Exterior Wall Panel system with 
STRONGIRT cladding attachment. 

Components 

1. 6” x 1 5/8” fiberglass channel 
top and bottom track 

2. 6 inches of mineral wool 
insulation (R-4.2/inch) 

3. 6” x 1 5/8” fiberglass channel 
Stud at 24” o.c. 

4. Ballistic Armor Plate sheathing 

5. 2.9 inches STRONGIRT 

6. 2 inches of mineral wool 
insulation (R-4.2/inch)1 

7. 2” x 5 ½” fiberglass angle at 
stud to track connection 

 

Figure 1:  Northstar Exterior Wall Panel System with STRONGIRT cladding attachment and 
exterior insulation 

Methodology 

The hygrothermal evaluation of the Northstar Exterior Wall Panel System with STRONGIRT cladding 
attachment was evaluated using 1D hygrothermal analysis software called WUFI Pro V.6.5.  The wall 
assembly was evaluated under dynamic conditions using published material properties and 
information provided by Northstar. 

 

 

1 Exterior Insulation value is derated from R-8.4 to R-8.2 to account for colder sheathing temperatures due to thermal 
bridging at STRONGIRT locations. 
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Air exfiltration, indoor temperature and indoor humidity were determined for the exterior climate and 
utilized in source files in the simulations as described below. The reason for this approach is to have 
the air exfiltration calculated for a specific level of airtightness that corresponds directly to the 
interior and exterior conditions. WUFI default climatic data and assumptions were also run as a 
check to verify that the findings are generally aligned but are not reported as part of this evaluation. 

Climate 

The wall assembly was evaluated using Seattle exterior climatic data from MeteoBlue by first 
determining the coldest years based on heating degree days using historic weather data since 
1985.  The simulations used the coldest back-to-back years in the 30-year period as outlined in 
Table 1.   

Table 1.  Simulated Climatic Data  

Climate 
Climate 

Zone 

Simulated Climatic Data 
2017 ASHRAE Handbook 
– Fundamentals Heating 

Degree Days 

HDD 65 oF (HDD 18oC) 

Weather Year 

(cold years) 

Heating Degree 
Days 

HDD 65 oF  
(HDD 18oC) 

Seattle, Wa 4C 2001 & 2002  
5033 & 4988 
(2796 & 2771) 

4400  

(2444) 

The indoor humidity was simulated as uncontrolled humidity by applying a vapor pressure elevation 
(∆VP) to the outdoor air to account for moisture generation from indoor activities and ventilation 
with outdoor air.  The principal reason for applying this approach is the indoor climate model is 
reinforced by building physics and moisture balances, mirrors monitoring data, and does not have a 
significant bias for any climate (Roppel et al 2009).  This approach is one of the default options 
found in WUFI for modeling indoor humidity, for the WUFI default weather data.  A ∆VP of 540 Pa (11.3 
psf) was used for the baseline analysis to represent residential occupancy and a medium moisture 
load.    

The indoor temperature was simulated using ASHARE Standard 160-2016 Table 4.2 for Heating only. 

A summary of the simulated indoor conditions is presented in Table 3 and Appendix A has graphs 
showing the simulated hourly indoor and outdoor conditions. 

Table 2.  Simulated Indoor Conditions 

Climate 

Heating Season (November to April) Non-heating Season (April to November) 

Temperature 

 
oF (oC) 

∆VP 

PSF (Pa) 

Average 

Indoor RH  

Temperature 
oF (oC) 

∆VP 
Average 

Indoor RH 

Seattle, Wa 

70 (21) 11.3 (540) 45% 
70-80  

(21-27) 
11.3 (540) 48% 

70 (21) 15.7 (750) 49% 
70-80  

(21-27) 
15.7 (750) 52% 

Air Leakage 

A moisture source due to air leakage was simulated at the interior face of the sheathing based on 
hourly climatic conditions and using a baseline airtightness characteristic of 0.004 cfm/ft2 at 1.57 psf 
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(0.02 L/s m2 at 75 Pa), which is a moderate level of airtightness that is enough to control moisture in 
framed wall assemblies subject to air pressure due to stack effect, mechanical systems and wind.  
The moisture source rate from air exfiltration was determined by calculations and inputted into WUFI 
using a procedure summarized in Appendix A.  The hourly moisture source rate is dependent on the 
calculated air pressure difference that is determined for wind pressure, stack effect, and over 
pressurization of 0.21 psf (10 Pa) from mechanical equipment. 

Rain Leaks 

The default approach to modeling water penetration per ASHARE 160-2016 is to apply 1% of the water 
reaching the cladding to the exterior surface of the water-resistive barrier.  The water-resistive 
barrier is outboard of the sheathing for this wall system.  

Orientation 

The wall assemblies were evaluated for a north orientation to evaluate the impact of the indoor 
humidity and air exfiltration.  North orientation has the least solar exposure and drying potential to 
the exterior. 

Findings 

The evaluated wall will be near condensing conditions, but below 100% RH, for the entire winter in 
Seattle.  The risk of moisture accumulation appears to be sufficiently managed with the 
combination of the insulated panel and vapor retarding paint.   We believe that the wall assembly 
with the two inches of exterior mineral wool insulation and STRONGIRT cladding attachment is 
appropriate for Seattle.  Nevertheless, as is the case with any wall assembly, there are limits to the 
performance of this assembly where the indoor humidity must be sufficiently controlled through 
effective ventilation of the indoor space and an effective air barrier system must be provided.  A 
mitigating factor for the Northstar Exterior Wall Panel System is that the components used in the wall 
system are less susceptible to deterioration and mold growth than commonly accepted materials 
used in framed wall assemblies. 

A discussion of the performance and assumptions for this analysis follows. 

Airtightness 

The Northstar Exterior wall assembly with 2 inches of exterior mineral wool insulation and STRONGIRT 
cladding attachment can tolerate some air leakage provided the air barrier system has an air 
leakage characteristic not greater than 0.004 cfm/ft2 at 1.57 psf (0.02 L/s m2 at 75 Pa). The wall can 
dry out incidental moisture from air leakage with a vapor barrier coating that is 0.68 perm (38 ng/Pa 
s m2) or greater.   

Figure 2 shows the impact of air leakage on the risk of condensation of the evaluated wall assembly 
in Seattle.  The interior surface of the Northstar wall assembly with STRONGIRT cladding attachment 
with leakage rates based on 0.004 cfm/ft2 at 1.57 psf (0.02 L/s m2 at 75 Pa) airtightness will have 
condensing periods as the relative humidity reaches near 100% at the interior surface of the 
sheathing panel.  Nevertheless, the moisture dries out annually during the warmer months. Bear in 
mind that the simulated years were selected as very cold years over a 30-year period using 
historical climatic data and were selected as a conservative assumption.   A comparison of the 
performance of the wall assembly without air leakage is provided to highlight the impact and 
importance of providing an effective air barrier for this wall system in Seattle. 
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Constant Parameters 

Indoor Humidity 
11.3 psf (540 Pa) ∆VP  
(ISO 13788 Class 2) 

Interior Vapour 
Control 

1.36 Btu/h ft2 F  
(38 ng/m2 Pa s) 

Orientation North 

Rain Leaks 1% per ASHRAE 160 

Air Leakage 

Black 
Air Leakage: 0.004 
cfm/ft2 at 1.57 psf 
(0.02 L/s m2 at 75 Pa) 

Blue 
Air Leakage: 0.020 
cfm/ft2 at 1.57 psf  
(0.1 L/s m2 at 75 Pa) 

Orange No air leakage 

  

Figure 2:  Impact of air leakage on the risk of condensation at the interior surface of the 
sheathing when using the STRONGIRT cladding attachment in Seattle 

Indoor Humidity 

A difference in vapor pressure (DVP) of 11.3 psf (540 Pa) was used for the baseline analysis.  This 
represents a medium moisture load that results in indoor humidity levels that are appropriate for 
residential occupancies.  Nevertheless, to evaluate the impact of higher indoor humidity a DVP of 
15.7 psf (750 Pa) was simulated for select cases. This assumption leads to an average indoor 
humidity of 49% in Seattle during the heating season (October to April).  Figure 3 shows how the 
higher indoor humidity raises the moisture levels in the wall cavity. 
 
 

Constant Parameters 

Air Leakage 
0.004 cfm/sqft at 1.57 psf  
(0.02 L/s m2 at 75 Pa) 

Interior Vapour 
Control 

1.36 Btu/h ft2 F  
(38 ng/m2 Pa s) 

Orientation North 

Rain Leaks 1% per ASHRAE 160 

Indoor Humidity 

Black 
11.3 psf (540 Pa) ∆VP  
(ISO 13788 Class 2) 

Orange 
15.7 psf (750 Pa) ∆VP 
(ISO 13788 Class 3) 

  

Figure 3:  Impact of interior humidity on the risk of condensation at the interior surface of 
the sheathing when using the STRONGIRT cladding attachment in Seattle 
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Closing 

This evaluation provided additional insight to the hygrothermal performance of the Northstar 
Exterior wall assembly with two inches of exterior mineral wool insulation and STRONGIRT cladding 
attachment for limits related to airtightness and indoor humidity. While a small amount of air 
leakage or construction moisture can be tolerated, air leakage must be sufficiently controlled. A 
mitigating factor for the Northstar Exterior Wall Panel system is that the fiberglass framing, 
sheathing, and connectors are all resilient to deterioration and mold growth. Accordingly, we believe 
that the evaluated wall system meets the minimum standard for minimizing the accumulation of 
condensation within the wall and durability of the wall system for Seattle’s climate.  

Please do not hesitate to contact us with any questions regarding this evaluation. 

Evoke Buildings Engineering Inc. 

 

 

Nicolas Proulx-Jones, EIT, M.Eng.    Patrick Roppel, P.Eng. 
Building Science Engineer     Building Science Specialist
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Appendix A: Model Assumptions and 
Material Properties
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Northstar Exterior Wall Panel System with Insulating Sheathing Panels 

 

Boundary Conditions 

Boundary 

Heat Transfer 
Coefficient 

 

Vapour Exchange 
Coefficient 

 

Exterior Surface 
7.75 W/(m2 K) 

1.36 Btu/(h ft2 F) 

Generated by WUFI 
based on heat transfer 

coefficient 

Interior Surface 
7.75 W/(m2 K) 

1.36 Btu/(h ft2 F) 

38 ng/(Pa m2 s) 

0.68 perm 
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Material Properties  
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Exterior Conditions - MeteoBlue Climatic Data 

Temperature 

 

Seattle 2000-2002  

Relative Humidity 

Seattle 2000-2002 

 

 

 

 

 

 

Rain 

Seattle 2000-2002 
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Solar Radiation 

 

Seattle  

Interior conditions - WUFI File  

Temperature 

 

Seattle  

Relative Humidity 

 

Seattle  
 

Air Leakage Rates 

In the model, the air leakage is simulated by adding a moisture source to the interior face of the 
sheathing based on the following equation: 

� � � ∙ ����	

� ��
������� 
Where  

m = moisture source rate (kg/s m2) 

Q = the air leakage rate (m3/s) 

Windoor = the moisture content of the indoor air (kg/m3) 

 Wsurface = the moisture content of the air at the insulation interface (kg/m3) 

The air leakage rate is calculated using a sharp-edge orifice equation as follows: 
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� � �	 ∙ � ∙ �2∆�� �
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Where 

Q = the air leakage rate (m3/s) 

Cd = the discharge coefficient ( �
� !) 

Α = the area of the orifice (m2) 

∆P = the pressure difference (Pa) 

ρ = the density of air (kg/m3) 

Using this formula, the equivalent orifice area was calculated for the characteristic leakage rate (for 
example 0.02 L/s m2 at 75 Pa).  Then the same equation is used to calculate the airflow for a 
pressure difference produced by hourly wind pressure, stack effect and mechanical ventilation.   

The wind pressure difference is calculated using the stagnation pressure equation (from Bernoulli’s 
equation) as follows: 

∆� � 12 ∙ �# ∙ � ∙ $
! 

where 

∆P = the pressure difference (Pa) 

Cd = the wind surface pressure coefficient (-) 

ρ = the density of air (kg/m3) 

V = the wind speed (m/s) 

The average wind pressure coefficient was utilized as VTT reported (19942) by the following equation: 

�� �%��&�
'

�
 

where 

Co = 0.587888 

C1 = 6.47584x10-3 

C2 = -4.48640x10-4 

C3 = 3.68668x10-6 

C4 = -8.65351x10-9 

θ = the angle between window direction and normal to the wall surface (degrees) 

 

 

2 VTT. 1994. TCC2D – Simulations on the Performance of Air Barriers in Ottawa, An Interim Report. 
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The stack effect pressure difference is calculated using the following formulae (ASHRAE Handbook of 
Fundamentals (2017): 

.∆� � �
 ∙ ()*+),), - ∙ . ∙ �/012 � /� 
where 

∆P = the pressure difference (Pa) 

ρ = the density of air (kg/m3) 

To = the outdoor temperature (oC) 

Ti = the indoor temperature (oC) 

g = the gravitational acceleration (9.81 m/s2) 

H = the height above the reference plane (m) 

HNPL = the height of the neutral pressure level above the reference plane (m) 

The mechanical ventilation pressure difference is set to the depressurization value of 10 Pa as per 
previous work done by Brown et al 20073, NRC and VTT to support the provisions in 9.25.5. 

 

 

3 Brown, W., P. Roppel, M. Lawton. 2007. Developing a Design Protocol for Low Air and Vapour Permeance Insulating Sheathing in Cold 

Climates.  Proceedings of the Thermal Performance of the Exterior Envelopes of Whole Buildings X International Conference.  
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