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Summary of Findings 
A modular brick veneer and insulated concrete masonry unit (CMU) wall assembly chosen for this study 

was found to have acceptable moisture performance, having no year-over-year accumulation of moisture 

within the assembly and not having any prolonged periods of elevated relative humidity based upon 

hygrothermal modeling using WUFI 2D. The use of the “EN15026 Medium Moisture Load” interior 

conditions was selected as recommended by the simplified method in ASHRAE 160. 

The use of lightweight instead of normal weight units was found to only have a small impact on the 

moisture performance, with higher relative humidity in the CMU cells during winter conditions.  The use 

of a vapor permeable water barrier instead of an integrated water repellent (IWR) in the CMU was found 

to result in a small reduction in water content in the CMU. The assembly with the lightweight units was 

found to reduce energy usage by approximately 44% in all climate zones due to the higher R-value of the 

insulated lightweight unit as compared to the normal weight unit. These wall assemblies passed the 

criteria in ASHRAE 160 for water accumulation and mold growth under the conditions modeled. 

These assemblies utilized CMUs having a face-shell and web thickness of 1 1/8-inches in order to provide 

a conservative estimate on the moisture and thermal performance. Units with thinner webs will have 

lower yearly energy usage due to higher assembly R-values. The moisture performance of assemblies 

utilizing units with thinner webs should have no significant impact as the IWR or water barrier prevents 

the CMU from absorbing significant amounts of water. The use of a 2-inch air cavity as used in this study 

would not have a significant impact as compared to a 1-inch air cavity. The thermal properties of both are 

almost identical, and the moisture performance of such a cavity is mainly influenced by the air exchange 

with the exterior climate, not the air space itself. 

 



 

 

Assembly Details 
 

The wall assembly for this project consisted of the following layers and is shown in Figure 1: 

1. Modular brick veneer (3 5/8-inch) 

2. Type N mortar (3/8-inch mortar joint and brick cells completely filled) 

3. Air space (2-inch) 

4. Water barrier (0.02-inch) – only for phase three 

5. CMU (1 1/8-inch web and shell) 

 

 

 

Figure 1 – WUFI2D Assembly 

 

Phases one and two of the project looked at the performance of a 135pcf and 95pcf concrete block 

respectively with integral water repellent in the concrete mix. Phase three of the project utilized a vapor-

permeable water barrier applied to the exterior face of the CMU instead of integral water repellent. 



 

 

Material Properties 
For this project, the material property data of the brick veneer, CMU, and aminoplast insulation are given 

in Table 1. The material property data for the air, type N mortar, and vapor permeable water barrier were 

taken from the WUFI database. The database entries for these materials are “Air Layer 50mm,” “Masonry 

Cement Mortar – Type N,” and “Weather Resistive Barrier (sd=0.1m)” respectively. 

Table 1 – Material Property Data 

Property Brick 95pcf CMU 
95pcf 

CMU with 
IWR 

135pcf 
CMU 

135pcf 
CMU with 

IWR 

Aminoplast 
Insulation 

Bulk Density 
[lb/ft3] 

138.6 95.0 95.0 134 134 0.80 

Porosity [%] 14.6 45.0 45.0 20.9 20.9 99.0 

Specific Heat 
Capacity 

[BTU/lb°F] 
0.19 0.23 0.23 0.20 0.20 0.35 

Thermal 
Conductivity 

[BTUin/ft2hr°F] 
6.75 3.33 3.33 10.6 10.6 0.218 

Thermal 
Conductivity 

Moisture 
Supplement 

[%/M%] 

8 8 8 8 8 - 

Thermal 
Conductivity 
Temperature 
Dependent 
Supplement 

[BTUin/ ft2hr°F] 

0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 

Water Vapor 
Diffusion 

Resistance Factor 
[-] 

30 5 5 11.1 11.1 1.17 

Reference Water 
Content [lbs/ft3] 

0.31 1.25 1.25 0.94 0.94 0.01 

Free Water 
Saturation 

[kg/m3] 
6.06 15.9 15.9 7.62 7.62 0.33 

Water 
Absorption 
Coefficient 
[lb/ft2√s] 

0.0036 0.205 0.0010 0.0160 0.0010 - 



 

 

Analysis Conditions 
WUFI 2D was used as the hygrothermal analysis software to carry out this study. The use of 2D simulations 

was deemed necessary due to the presence of the CMU which has significantly different thermal and 

moisture performance in the cells than the block webs.  

Interior Conditions 
The interior conditions of the wall assembly were prescribed using the EN15026 option within WUFI as no 

details about the building or its operation were known. The “Medium Moisture Load” was selected for 

the interior humidity conditions. This option is similar to the Simplified Method in ASHRAE 160 for the 

interior conditions. These conditions take into account the climate being used for the exterior and allow 

for variances in both temperature and humidity to occur on the interior of the assembly. The interior 

temperature was kept between 20 and 25 °C, and the humidity between 30 and 60 %RH. 

Exterior Conditions 
For the exterior conditions, modeling was done for the seven climate zones within the continental United 

States. The cities chosen for each climate zone are given in Table 2. For each city, the moisture design 

reference year selected was “ASHRAE Year 2” in accordance with ASHRAE 160. This year represents the 

second worst year in terms of moisture severity. A single-year analysis was deemed sufficient since the 

water content in the assembly at the end of the first year was nearly identical to the starting water content 

of the assembly. For the exterior surface transfer coefficients, a wind-dependent heat transfer coefficient 

was selected. The short-wave absorptivity was set at 0.68 for red brick, the explicit radiation balance was 

enabled, and long-wave emissivity set at 0.9. All other parameters were left at default values. 

Table 2 – Cities Used for Each Climate Zone 

Climate Zone City 

1 Miami, FL 

2 Houston, TX 

3 Atlanta, GA 

4 New York City, NY 

5 Buffalo, NY 

6 Minneapolis, MN 

7 
International Falls, 

MN 

 

Moisture Source and Air Exchange 
In accordance with ASHRAE 160, a moisture source was included in these models to account for rainwater 

infiltration behind the exterior cladding. This moisture source was on the surface of the CMU for the walls 

utilizing a CMU with integral water repellent, and on the exterior surface of the water barrier for walls 

utilizing a CMU without an integral water repellent. The magnitude of the moisture source was “1% of the 

water reaching the exterior surface.” 



 

 

Since a brick veneer wall has open weeps at the bottom to allow for moisture exchange with the exterior 

climate, an air exchange was applied to the entire air space behind the brick veneer. An air exchange rate 

of 10 air changes per hour with the exterior was selected.1  

  

 
1  Modeling Enclosure Design in above-Grade Walls, United States. Department of Energy – Building Technologies 
Office, 2016. 



 

 

Assembly Performance 

Overview of Findings 
When evaluating the moisture performance of the assembly, there were two scenarios that could result 

in accumulation of water within the wall assembly: infiltration of exterior rainfall, and condensation of 

water due to temperature changes. The effect of water infiltration can be seen in Figure 2. This shows the 

average water content of the rear face-shell of the CMU. As this was the location that the moisture source 

was introduced to, there are sharp increases corresponding to exterior rainfall. 

 
Figure 2 – Average Rear Face-Shell Water Content– 135pcf CMU with IWR 

As can be seen in Figure 2, after each rain event, the average water content in the rear face-shell decreases 

rapidly and returns to lower water content conditions typically within just a few days with the exception 

of a few events in Climate Zone 4. This indicates that there is significant drying potential at this location 

within the assembly that is able to remove water quickly. The air exchange of the cavity with the exterior 

air helps to remove moisture from the air space behind the brick veneer and accelerate drying within the 

assembly.  

A cross-sectional view of the relative humidity within the assembly during a rain even is shown in Figure 

3. During a rain event, the relative humidity and water content within the exterior brick veneer increases 

significantly as it absorbs water. The rear face-shell of the CMU also increases in relative humidity and 

water content due to the moisture source placed there. The drying potential of the wall is illustrated by 

Figure 4, which shows the same cross-sectional relative humidity five days later.  



 

 

 

Figure 3 – Cross-Sectional Relative Humidity - 135pcf CMU with IWR – Climate Zone 4 – During Rain 

Event 

 
 

Figure 4 – Cross-Sectional Relative Humidity - 135pcf CMU with IWR – Climate Zone 4 – Five Days After 

Rain Event 



 

 

Although the water content of the rear face-shell has significant spikes due to rain events, the relative 

humidity within this layer has significantly less change. This is due to the non-linear relationship between 

relative humidity and water content in most materials. The average rear face-shell relative humidity for 

each climate zone is shown in Figure 5. The maximum relative humidity reaches just above 98% RH briefly, 

then quickly decreases after the rain event is finished. The average relative humidity is between 50 and 

80% RH depending on the climate zone. 

 
Figure 5 – Average Rear Face-Shell Relative Humidity – 135pcf CMU with IWR 

The other potential source for water in the assembly was due to water condensation at the cold side of 

the insulation. This corresponds to the inner face of the CMU cell closest to the exterior. This location is 

the cold side of the insulation where condensation could occur. There was not found to be any 

condensation present as the relative humidity in this location did not go over 100%. However, the 

potential for condensation could be seen in the cross-sectional relative humidity. Figure 6 shows the cross-

sectional relative humidity in Climate Zone 7 where the potential for condensation is greatest. 



 

 

 

Figure 6 – Cross-Sectional Relative Humidity – 135pcf CMU with IWR – Climate Zone 7 

 

 

Figure 7 – Left-Face Cell Relative Humidity – 135pcf CMU with IWR 

 

 



 

 

Comparison of 135 and 95pcf CMU Assemblies 
Both the 135 and 95pcf CMU wall assemblies were found to have relatively similar moisture 

performances. The 95pcf CMU wall had higher water contents in the rear face-shell due to the higher 

porosity in the 95pcf unit. The rear face-shell relative humidity was virtually identical. There were some 

differences in the cell relative humidity however due to the significantly higher R-value of the lightweight 

assembly. The higher R-value allowed the exterior face of the insulated cell to reach lower temperature 

and correspondingly saw slightly higher relative humidity indicating that the condensation potential was 

greater. However, in no model was condensation predicted to occur as the maximum relative humidity 

stayed lower than 100% RH. These results are shown in Figures 8 and 9. Tabular results reporting the 

average and maximum relative humidity are given in Table 2. These results are the relative humidity at 

the leftmost interior face of the cell where condensation would be most likely to occur as can be seen in 

Figure 6. 

   

 
 

 
 

Figure 8 – Cell Left Face Relative Humidity – 
135pcf CMU with IWR 

Figure 9 – Cell Left Face Relative Humidity – 95pcf 
CMU with IWR 

 

Table 2 – Cell Left Face Relative Humidity [%] 

Climate Zone 
135pcf CMU with IWR 95pcf CMU with IWR 

Maximum Average Maximum Average 

1 81.4 68.2 85.0 67.4 

2 84.0 71.1 87.6 72.8 

3 85.8 67.6 91.2 70.3 

4 85.8 72.3 93.0 77.6 

5 86.5 69.3 94.6 75.7 

6 86.2 67.5 96.1 74.0 

7 91.0 66.2 98.6 74.0 

 

 

 



 

 

Comparison of IWR and Water Barrier 
As part of this project, an assembly with a traditional vapor permeable water barrier was compared 

against an assembly utilizing a CMU with an IWR to see if, as a result, there was any difference in 

performance. For the 135pcf unit, the assembly with the water barrier had less water reach the rear face-

shell of the CMU than that of the block with an IWR. The reason for this is that the block with an IWR is 

not impermeable and is still capable of transporting water, just very slowly, whereas a water barrier is 

completely impermeable to liquid water. The effect of an IWR on concrete is to modify the liquid water 

absorption coefficient (which determines how rapidly a material absorbs water when immersed). With an 

IWR present this coefficient is on the order of 0.001 lb/ft2√s whereas without it, this value was 0.0160 and 

0.205 lb/ft2√s for the 135pcf and 95pcf block respectively. The lightweight block was assumed to have 

significantly faster water uptake than the normal weight block due to its higher porosity and aggregate. 

The rear face-shell water content for the wall assembly with IWR and water barrier made from 135pcf 

and 95pcf units are given in Figures 10 and 11 respectively. 

 
 

 
 

Figure 10 – Rear Face-Shell Water Content – 
135pcf 

Figure 11 – Rear Face-Shell Water Content – 
95pcf 

 

Although there were some significant differences in the 95pcf block case, they arise from the block being 

able to redistribute water internally much more rapidly without an IWR present, and not from directly 

absorbing more water. This can be seen in the relative humidity in the cell of the unit which was almost 

identical between the IWR and water barrier assemblies for the 135pcf block (shown in Figure 12). For the 

95pcf block assembly, the cell relative humidity was considerably lower during the periods where 

condensation potential was higher (shown in Figure 13). This can be attributed to the block being able to 

redistribute this water away from this location and not allowing localized regions of higher humidity to 

develop within the assembly. This does have a potential drawback if water is able to get into the CMU due 

to a breach of the water barrier. In this event the water would be transported throughout the entire block. 

In the assembly with the intact water barrier exterior to the CMU, this does not result in moisture issues 

for the assembly based on these simulations. 



 

 

 
 

 
 

Figure 12 – Cell Left Face Relative Humidity – 
135pcf 

Figure 13 – Cell Left Face Relative Humidity – 
95pcf 

 

Assembly Energy Usage 
In addition to moisture performance, WUFI also allows for determination of the energy usage of wall 

assemblies. The average heat flux on the interior face of the wall assembly represents the instantaneous 

thermal load on an HVAC system from the wall. By summing the total heat flux over time, the energy 

usage of the wall assembly was obtained. The surface heat flux for the 135pcf and 95pcf assemblies are 

given in Figures 14 and 15 respectively. The more severe winters in the higher climate zones result in a 

larger negative heat flux on the interior during the winter, requiring more heating to maintain indoor 

conditions. The heating load, cooling load, and total energy for each assembly is given in Table 3. The 

energy usage is given per unit surface area of wall area, not per unit area of building space. 

 

 
 

 
 

Figure 14 – Interior Surface Heat Flux – 135pcf Figure 15 – Interior Surface Heat Flux – 95pcf 
 

 



 

 

Table 3 – Thermal Energy Usage [BTU/ft2] 

Climate 
Zone 

135pcf with IWR 95pcf with IWR 

Heating Cooling Total Heating Cooling Total 

1 4501 7133 11666 2536 3931 6467 

2 14582 4438 19020 8179 2473 10683 

3 18354 3233 21588 10271 1775 12046 

4 28403 1839 30242 15850 1014 16864 

5 33919 983 34870 18830 539 19369 

6 34236 1680 36138 19147 951 20098 

7 40259 1141 41527 22602 634 23236 

 

Although the moisture performance of the two assemblies with different density concrete units with IWR 

were very similar, their greatest difference was in the energy usage of the systems based on these 

simulations. The use of 95pcf concrete vs. 135pcf concrete block resulted in an energy savings of 44.2% in 

all seven climate zones. The decreased energy usage resulted directly from the increased R-value of the 

insulated lightweight unit as compared to the insulated normal weight unit. The water barrier was found 

to have no significant impact on the energy usage of the wall systems. 

Potential for Mold 
As per ASHRAE 160, the mold index was calculated to determine the potential for mold growth within 

the assembly. The location chosen for the calculation was the inner surface of the CMU cell which 

exhibited the highest relative humidity in the model. The mold index was found to have a maximum 

value less than 0.01 for the entire year for every model tested. This is well below the recommended 

value of 3.0 indicating these assemblies pass this criterion. 

 


