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INTRODUCTION

The demand and cost of energy is increasing as the population and economy of the
United States continues to grow. For example, Kentucky’s energy use is expected to rise
more than 40 percent over current levels by the year 2025. Exacerbating this increase in
domestic energy demand is an even greater increase in the demand for energy by
developing nations such as China and India. These significant increases, and thus costs,
will negatively impact the US economy and global competitiveness unless measures are
taken to control and mitigate these effects.

In recognition of the fact that a significant amount of energy in the US is used to heat,
cool and light buildings, codes, standards and energy efficient guidelines for buildings
have been developed by a number of organizations, including The International Code
Committee (ICC) and ASHRAE. Furthermore, these documents are being continuously
updated so that minimum levels of energy efficiency permitted by each has been steadily
increasing. As a result of these improvements, more energy efficient buildings are now
being constructed, with higher performance building envelopes, larger use of day-lighting
and occupancy sensors, and more efficient lighting, heating and cooling systems.

The International Energy Conservation Code (IECC) [ICC, 2015] is referenced by the
International Building Code (IBC) [IBC, 2015] and is the basis by which energy related
systems in new construction are generally designed. The IECC also allows new designs
to meet the provisions of ASHRAE 90.1 ANSI/ASHRAE/IESNA Standard 90.1, Energy
Standard for Buildings Except Low-Rise Residential Buildings [ASHRAE, 2013]. The
IECC and ASHRAE 90.1 provisions both define two methods for meeting the energy
efficiency goals with each new design. The first method is prescriptive in nature where
minimum energy related characteristics of all significant elements within building are
defined for different system types, space uses and climates. The second code design
method requires a sophisticated whole building energy analysis to be conducted and
compared to the same building designed using the prescriptive provisions; comparable
economic energy performance is required. The IECC also provides for trade-off
(COMcheck) analysis options for energy code compliance. ASHRAE also allows an
envelope performance factor method to be used in addition. However, due to ease of
use, most buildings are designed using the prescriptive approach.

In most climates in the US, the code mandated prescriptive envelope requirements would
require that single wythe exterior masonry walls to be continuously insulated, with
insulation R values varying from 5.7 ft2e°Feh/Btu to over 15 ft2e°Feh/Btu. As an alternative
to the prescriptive insulation levels, thermal transmittance (u-factors) of the exterior
envelope assemblies are prescriptively restricted to maximum values for different
climates.

Furthermore, most of the design guides that have been developed for energy efficient
design start with the assumption that increases in building envelope thermal resistance



are needed to improve building energy efficiency. Thus, most designers assume that a
high R building envelope is needed for a building to be energy efficient. However, recent
studies by the author [McGinley et al, 2011, 2012, 2015] have shown that increasing
exterior envelope insulation may have only a minimal effect on the overall energy
performance of the building, especially for exterior walls with a high thermal mass.
Providing increases in the thermal resistance of the building envelope will not necessarily
result in a corresponding reduction in building energy use. It appears that after a certain
point “more is not necessarily better”. This type of building energy performance is quite
evident if a more sophisticated energy analysis is conducted. However, most designers
do not conduct these more time consuming analyses. They generally use the prescriptive
methods and thus are not achieving the most cost effective, nor most energy efficient
building designs.

Based on the information discussed previously, modern exterior uninsulated mass
masonry walls are expected to perform better with respect to energy use when the thermal
mass effects and reduced thermal conductivities are accounted for. However, as most
designers will use the prescriptive provisions of the IECC version adopted by the state
where they are designing, they will be likely underestimating the impact that high thermal
mass and lower conductivity walls will have on the performance of the buildings.

The following report describes an investigation designed to evaluate the impact light-
weight low thermal bridging concrete masonry wall systems will have on the energy use
of structures that are typically constructed with exterior mass masonry walls.

PROTOTYPE BUILDINGS IDENTIFICATION

As described in the proposal, in the first phase of the research three prototype
commercial/institutional facilities commonly designed with single wythe exterior masonry
walls were chosen with help from the sponsors. These prototypes were selected from
the sixteen prototype buildings developed by the DOE [Derue et al, 2011]. These
prototypes were designed to be representative of the majority of new construction for
each facility type. The sixteen prototype buildings were listed below in Table 1.

Table 1 DOE Prototype Buildings

Building Type Name Floor Area (ft?) |Number of Floors
Large Office 498,588 12

Medium Office 53,628 3

Small Office 5,500 1

Warehouse 52,045 1

Stand-alone Retalil 24,962 1




Strip Mall 22,500 1
Primary School 73,960 1
Secondary School 210,887 2
Supermarket 45,000 1
Quick Service Restaurant 2,500 1
Full Service Restaurant 5,500 1
Hospital 241,351 5
Outpatient Health Care 40,946 3
Small Hotel 43,200 4
Large Hotel 122,120 6
Midrise Apartment 33,740 4

The first prototype chosen was the DOE Secondary School Prototype and the second
was DOE Supermarket Prototype. The third prototype evaluated in this study was based
on the supermarket model but modified to remove the bakery, deli, produce section and
the cooler equipment, designated as Supermarket (Modified-big box). A previous study
by the authors showed that this building configuration was consistent with a number of
typical “box retail” facilities. Note that the prototype was updated from the previous
studies to reflect changes in code mandated minimum energy performance requirements.

ENERGY ANALYSIS

Yearly energy use of each prototype were determined using the EnergyPlus program.
These energy analyses were conducted using hourly weather data from seven cities that
are representative of seven of the climate zones in the US (see Table 2). The first set of
analyses was conducted on each prototype configured to code prescriptive requirements,
for each building type and climate. This was done to establish a base line energy use
estimate as required by the “Energy budget” compliance method and to provide a
reference point for the comparison studies. This energy data was also used to develop
energy yearly operating costs for each facility as required by “energy budget” method
(ASHRAE 90.1). Typical state energy costs were be used in these analyses.



Table 2. Cities for Climate Zones

City State Zone
Miami FL 1A
Houston X 2A
Las Vegas Nevada 3B
Seattle Washington 4C
Chicago lllinois 5A
Minneapolis Minnesota 6A
Duluth Minnesota 7

The baseline exterior masonry walls (with code prescribed minimum insulation) of each
of the prototype models were modified to address three different exterior wall
configurations, as directed by the research sponsors. The first wall assembly
configuration used single wythe 12 in. CMU heavy weight (assumed to be 135 pcf)
exterior masonry wall (12" HWT 3-Web, reinforced at 48" OC w/aminoplast foam
insulation — R=5.16 hft?’F/Btu, U=0.194 Btu/hft?’F). Prototype models with this wall
configuration were identified as 12” NW 3 Web. The second wall assembly used
lightweight (assumed 105 pcf) CMU units reinforced at 48" OC (foamed in empty cells,
including a 2" rigid insert in the grouted cell — R=9.61 hft?F/Btu, U=0.104 Btu/hft?F).
Prototype models with this wall configuration were identified as 12" LW 3 Web. The third
wall assembly used “Next Generation” 2-web lightweight (assumed 93 pcf) CMU units
reinforced at 48” OC (foamed in empty cells, including a 2” rigid insert in the grouted cell
— R=14.67 hft?F/Btu, U=0.068 Btu/hft’F). Prototype models with this wall configuration
were identified as 12" SW 2 Web.

The three prototype buildings were analyzed with each of the three alternative wall
configurations using weather data from the seven cities (climate zones). Except for the
exterior walls, prescriptive energy code configurations were used for all building systems.
The envelope U-factors for the three prototype buildings, for the four exterior wall
configurations and seven climate zones are listed in the following Table 3.

In summary, for each type of prototype building, a total of 28 models were analyzed for
yearly energy use. Note the green highlighted rows show where the wall configurations
would meet the prescriptive code U-factor maximums for each climate zone.



Table 3. Wall U-Factors for all Four Cases.

Units: W/m?K or (Btu/hft?F)

No. Climate Zone City Roof Floor Wall Name
1 0.863 (0.152) | 1A-Prescriptive
2 1A Miami 0.273 1.828 | 1.102 (0.194) | 1A-12" NW 3 Web*
3 (0.048) | (0.322) | PI5OT(0/104) | TAYL2" LW 3 \Web**
4 0.386 (0.068) | 1A-12" SW 2 Web***
5 0.863 (0.152) | 2A-Prescriptive
6 oA Houston 0221 | 0.608 | 1.102(0.194) | 2A-12" NW 3 Web
7 (0.039) | (0.107) | 0I5OT(0:104) | PASI2" LW 3\Web
8 0.386 (0.068) | 2A-12" SW 2 Web
9 0.698 (0.123) | 3B-Prescriptive
10 3B Las Vegas 0.221 0.432 | 1.102 (0.194) | 3B-12" NW 3 Web
11 (0.039) | (0.076) | 0I501(0:104) | BB12" LW 3\Web
12 0.386 (0.068) | 3B-12" SW 2 Web
13 0.591 (0.104) | 4C-Prescriptive
14 1.102 (0.194) | 4C-12" NW 3 Web
i ac Seattle (giégg) (8;332) _( ) e U T
16 0.386 (0.068) | 4C-12" SW 2 Web
17 0.511 (0.090) | 5A-Prescriptive
18 . 0.182 0.42 1.102 (0.194) | 5A-12" NW 3 Web
19 oA Chicago (0.032) | (0.074) | 0.591 (0.104) | 3B-12" LW 3 Web
20 0.386 (0.068) | 3B-12" SW 2 Web
21 0.454 (0.080) | 6A-Prescriptive
22 oA Minneapolis 0182 | 0363 | 1.102(0.194) | 6A-12" NW 3 Web
23 (0.032) | (0.064) | 0.591 (0.104) | 6A-12" LW 3 Web
24 0.386 (0.068) | 6A-12" SW 2 Web
25 0.403 (0.071) | 7-Prescriptive
26 ; buluth 0.159 0.312 | 1.102(0.194) | 7-12" NW 3 Web
27 (0.028) | (0.055) | 0.591 (0.104) | 7-12" LW 3 Web
28 0.386 (0.068) | 7-12" SW 2 Web

*12” Units normal weight (135 pcf) units with 3 webs
** 12” Units lightweight (105 pcf) units with 3 webs

**% 12" Units SmartWall (93 pcf) units with 2 webs




YEARLY ENERGY USAGE OF THE PROTOTYPE MODELS

The following three tables (Tables 4 , 5 and 6) show total yearly energy use for each
prototype building. The tables are organized according to the wall assembly and climate
zone.

Secondary School

Figures 1 and 2 show the baseline energy use break down for Climate Zone 5 for the
secondary school prototype. It can be seen that the HVAC systems use the majority of
energy each year. The yearly energy use from the EnergyPlus simulations in the seven
climate zones were listed in Table 4 and plotted in Figure 3 below.

End Uses
Electricity [GJ] | Natural Gas [GJ] | Additional Fuel [GI] | District Cooling [GJ] | District Heating [GJ] | Water [m3]
Heating 0.00 1181.63 0.00 0.00 0.00 0.00
Cooling 1170.76 0.00 0.00 0.00 0.00 0.00
Interior Lighting 959.80 0.00 0.00 0.00 0.00 0.00
Exterior Lighting 68.48 0.00 0.00 0.00 0.00 0.00
Interior Equipment 2301.04 344 .46 0.00 0.00 0.00 0.00
Exterior Equipment 29.70 0.00 0.00 0.00 0.00 0.00
Fans 779.01 0.00 0.00 0.00 0.00 0.00
Pumps 18.30 0.00 0.00 0.00 0.00 0.00
Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 253.99 0.00 0.00 0.00 0.00 0.00
Water Systems 15443 336.84 0.00 0.00 0.00 843211
Refrigeration 13031 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 585632 2262.92 0.00 0.00 0.00 8432.11

Figure 1. Base line Energy Use of Prescriptive Secondary School Prototype in
Climate Zone 5A (Screenshot of Energyplus Analysis)



End Use of Secondary School (Model 5A-Prescriptive)
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Figure 2. Base line Energy Use of Prescriptive Supermarket Prototype in Climate
Zone (Pie chart)

In Table 4, the green highlighted areas identify the configurations that used equal or less
energy than the code prescriptive configurations. While the energy budget method
requires that energy costs must be equal to or less than code prescriptive configurations,
the energy use profiles (and thus costs) are similar enough to use total energy use to
estimate code compliance.

Figure 3 below shows the comparison of yearly energy usage of the Secondary School
prototype with different wall assemblies in the seven climate zones.



Yearly Energy Usage (GJ)

Table 4. Total Yearly Energy Use of Secondary School Prototype(GJ)

Total Energy Usage (GJ)
Climate City Prescriptive 12"NW 3 | 12" LW 3 | 12"SW 2
Zone Web* Web** Web***
1A Miami 8892.42 8914.95 8869 8850.94
2A Houston 8750.73 8778.81 | 8704.64 8691.53
3B Las Vegas 8110.82 8191.91 8085.25 8048.42
4C Seattle 7605.07 7759.79 | 7614.86 7555.75
5A Chicago 8219.25 8559.5 8280.2 8173.67
6A Minneapolis 8718.53 9278.6 8864.32 8702.03
7 Duluth 8943.97 9733.48 | 9176.03 8965.27

*12” Units normal weight (135 pcf) units with 3 webs
** 12” Units lightweight (105 pcf) units with 3 webs
**% 12” Units SmartWall (93 pcf) units with 2 webs

Yearly Energy Usage of Secondary School
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Figure 3. Total Yearly Energy Use of Secondary School Prototype
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Examination of Table 4 and Figure 3 suggests that the prototype Secondary School
building produced yearly energy use values that would not be considered code compliant
when the exterior baseline wall assembly was replaced with the 12" NW 3 Web walls, in
all seven climate zones. When the exterior walls were replaced with 12” LW 3 Web walls,
the Secondary school prototype produced code compliant energy use in Climate Zones
1A, 2A and 3B. Note for Climate Zone 4C the results were within 0.4% of code
compliance. When exterior walls were replaced with 12” SW 2 Web walls, the Secondary
school prototype produced code compliant energy use in six of the climate zones.
Although whole building analysis would suggest that the 12" Smart-Wall 2 web units
would not be energy compliant in Climate Zone 7, the yearly energy used for this
configuration is within 0.2% of the baseline. It should also be noted that a relatively small
increase in wall mass (such as use of denser grout) would reduce the yearly energy used
sufficiently to show energy code compliance.

The result of these analyses also show that a 200 to 300% increase in wall thermal
resistance produced less than an 8% reduction in yearly energy use.

It should be noted that these results are consistent with prescriptive path code compliance
method. Examination of Table 3 shows that 12” SW 2 Web walls would be code compliant
for all climate zones based on U-factors. It also shows that 12" LW 3 Web walls would
be code compliant in Climate Zone 1, 2, 3 and 4, based on U-factors. Thus, the
prescriptive method would allow the 12" LW 3 Web walls to be considered code compliant
in one additional climate zone than the energy budget method. However, the model
analysis showed yearly energy usage of this only 0.2% higher than the code compliant
baseline base line. This is very close and it could be argued that this shows energy code
compliance as well as it is within the accepted accuracy of the energy simulations.

Supermarket

Figures 4 and 5 show the baseline energy use break down for Climate Zone 5 for the
Supermarket prototype. It can be seen that the HVAC systems use the majority of the
energy. The yearly energy use from the EnergyPlus simulations in the seven climate
zones were listed in the Table 5 and plotted in Figure 6 below.
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End Uses

Electricity [GJ]| Natural Gas [GJ] | Additional Fuel [GT] | District Cooling [GJ] | District Heating [GJ] | Water [m3]

Heating 0.00 2608.07 0.00 0.00 0.00 0.00

Cooling 129.22 0.00 0.00 0.00 0.00 0.00

Interior Lighting 033.76 0.00 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 0.00 0.00 0.00 0.00 0.00
Interior Equipment 785.69 199.13 0.00 0.00 0.00 0.00
Exterior Equipment 0.00 0.00 0.00 0.00 0.00 0.00
Fans 672.19 0.00 0.00 0.00 0.00 0.00

Pumps 0.00 0.00 0.00 0.00 0.00 0.00

Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 25.15 0.00 0.00 0.00 87.12
Refrigeration 330421 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00

Total End Uses 301507 283235 0.00 0.00 0.00 87.12

Figure 4. Energy Use of Prescriptive Supermarket Prototype in Climate Zone 5
(Screenshot of Energyplus Analysis)
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Figure 5. Energy Use of Prescriptive Supermarket Prototype in Climate Zone 5A
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Table 5 below shows total yearly energy use for the Supermarket School Prototype. The
green highlighted areas identify the configurations that used equal or less energy than
the code prescriptive configurations. While the energy budget method requires that
energy costs must be equal to or less than code prescriptive configurations, the energy
use profiles (and thus costs) are similar enough to use total energy use to estimate code
compliance.

Table 5. Total Yearly Energy Use of Supermarket Prototype (GJ)

Total Energy Usage (GJ)
Climate City Prescriptive 12" NW 3 12" LW 3 12" SW 2
Zone Web* Web** Web***
1A Miami 7509.95 7533.4 7492.3 7473.72
2A Houston 7625.58 | 7657.39 7608.71 7589.79
3B Las Vegas 7417 | 7490.24 7409.01 7376.3
4C Seattle 8075.42 | 8195.96 8081.52 8034.83
5A Chicago 8747.42 | 8965.17 8788.11 8715.82
6A Minneapolis 9383.1 | 9700.74 9461.41 9364.27
7 Duluth 9951.72 | 10403.29 | 10084.85 9955.46

*12” Units normal weight (135 pcf) units with 3 webs
** 12" Units lightweight (105 pcf) units with 3 webs
**% 12” Units SmartWall (93 pcf) units with 2 webs

Figure 6 below shows the comparison of yearly energy use of the Supermarket
prototype with different wall assemblies, for the seven climate zones.

Examination of Table 5 and Figure 6 suggests that the prototype Supermarket building
produced yearly energy use values that would not be considered code compliant when
the exterior baseline wall assembly was replaced with 12" NW 3 Web walls, in all seven
climate zones. When the exterior walls were replaced with 12" LW 3 Web walls, the
Supermarket prototype produced code compliant energy usage in Climate Zones 1A, 2A
and 3B. Note, for Climate Zone 4C, the results were within 0.1% of code compliance.
This configuration could be argued to be code compliant. When exterior walls were
replaced with 12" SW 2 Web walls, the Supermarket prototype produced code compliant
energy use in six of the climate zones. Although whole building analysis would suggest
that the 12” Smart-Wall 2 web units would not be energy compliant in Climate Zone 7, the
yearly energy used for this configuration is within 0.04% of the baseline value and well
within the accepted accuracy of EnergyPlus simulations. It should also be noted that a
relatively small increase in wall mass (such as use of denser grout) would reduce the

13



yearly energy used sufficiently to show energy code compliance and the 12" SW 2 Web
wall configuration has a U factor below the prescriptive maximums for Climate Zone 7.

Yearly Energy Usage of Supermarket
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Figure 6. Total Yearly Energy Use of Supermarket Prototype (GJ)

The result of these analyses also show that a 200 to 300% increase in wall thermal
resistance produced less than a 5% reduction in yearly energy use.

It should be noted that these results are consistent with prescriptive path code compliance
method as described for the School prototype.

Supermarket (Modified-Box Retail)

Figures 7 and 8 show the baseline energy use break down for Climate Zone 5 for the
Supermarket (Modified — Box retail) prototype. It can be seen that the majority of energy
is used by the HVAC systems. The yearly energy use from the EnergyPlus simulations in
the seven climate zones were listed in the Table 6 and plotted in Figure 9 below.

Cells with highlighted green means less yearly energy used than models with prescriptive
wall assembly. Figure 5 shows the energy use for the Supermarket (Modified — Box retail)
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prototype under Climate Zone 5A conditions as an example all the models for this
prototype building.

End Uses
Electricity [GJ] | Natural Gas [GJ] [ Additional Fuel [GJ] [ District Cooling [GJ] | District Heating [GJ] | Water [m3]
Heating 0.00 119731 0.00 0.00 0.00 0.00
Cooling 263.88 0.00 0.00 0.00 0.00 0.00
Interior Lighting 933.76 0.00 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 0.00 0.00 0.00 0.00 0.00
Interior Equipment 785.69 199.13 0.00 0.00 0.00 0.00
Exterior Equipment 0.00 0.00 0.00 0.00 0.00 0.00
Fans 819.90 0.00 0.00 0.00 0.00 0.00
Pumps 0.00 0.00 0.00 0.00 0.00 0.00
Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 2515 0.00 0.00 0.00 87.12
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 2803.23 1421.58 0.00 0.00 0.00 87.12

Figure 7. Energy Use of Prescriptive Supermarket (Modified-Box Retail) Prototype
in Climate Zone 5A- (Screenshot of Energyplus Analysis)
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Table 6 below shows total yearly energy use for the Supermarket Prototype (Modified—
Box Retail). The green highlighted areas identify the configurations that used equal or
less energy than the code prescriptive configurations. While the energy budget method
requires that energy costs must be equal to or less than code prescriptive configurations,
the energy use profiles (and thus costs) are similar enough to use total energy use to
estimate code compliance.

Table 6. Total Yearly Energy Use of Supermarket Prototype (Modified) (GJ)

Total Energy Usage (GJ)
Climate City Prescriptive 12" NW 3 12" LW 3 12" SW 2
Zone Web* Web** Web***
1A Miami 3269.72 3285.92 3253.52 3243.69
2A Houston 3463.26 3488.52 3456.4 3443.54
3B Las Vegas 3777.75 3837.37 3772.81 3748.87
4C Seattle 3474.98 3583.47 3482.9 3444.18
5A Chicago 4224.81 4428.61 4265.13 4201.53
6A Minneapolis 4812.38 5118.27 4889.25 4797.57
7 Duluth 5222.13 5657.18 5351.33 5228.81

*12” Units normal weight (135 pcf) units with 3 webs
** 12" Units lightweight (105 pcf) units with 3 webs
**% 12” Units SmartWall (93 pcf) units with 2 webs

Figure 9 below shows the comparison of yearly energy usage of Supermarket
(Modified— Box Retail) with different wall assemblies in each of the seven climate zones.
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Yearly Energy Usage of Supermarket (Modified)
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Figure 9. Total Yearly Energy Use of Supermarket (Modified- Box Retail) Prototype

Examination of Table 6 and Figure 9 suggests that the Supermarket (Modified — Box
Retail) prototype building produced yearly energy use values that would not be
considered code compliant when the exterior baseline wall assembly was replaced with
the 12" NW 3 Web walls, in all seven climate zones. When the exterior walls were
replaced with 12" LW 3 Web walls, the Supermarket (Modified — Box Retail) prototype
produced code compliant energy usage in Climate Zones 1A, 2A and 3B. Note for
Climate Zone 4C the results were within 0.25% of code compliance. This configuration
could be argued to be code compliant. When exterior walls were replaced with 12" SW
2 Web walls, the Supermarket prototype (Modified — Box retail) produced code compliant
energy use in six of the climate zones. Although whole building analysis would suggest
that the 12” Smart-Wall 2 web units would not be energy compliant in Climate Zone 7, the
yearly energy used for this configuration is within 0.13% of the baseline value and well
within the accepted accuracy of EnergyPlus simulations. It should also be noted that a
relatively small increase in wall mass (such as use of denser grout) would reduce the
yearly energy used sufficiently to show energy code compliance and the 12" SW 2 Web
wall configuration has a U factor below the prescriptive maximums for Climate Zone 7.

The result of these analyses also show that a 200 to 300% increase in wall thermal
resistance produced less than a 8% reduction in yearly energy use.
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It should be noted that these results are consistent with prescriptive path code compliance
method as described for the School prototype.

CONCLUSION

For all three prototype buildings, in all seven climate zones, models were not code
compliant when the code compliant wall assembly was replaced by the single wythe 12
in. CMU heavy weight exterior masonry walls (12" HWT 3-Web reinforced at 48" OC
w/aminoplast foam insulation — R=5.16 hft?F/Btu, U=0.194 Btu/hft?F), labeled 12" NW 3
Web.

When the exterior wall assembly was replaced by lightweight CMU units reinforced at 48”
OC (Foamed in empty cells with a 2" rigid insert in the grouted cell — R=9.61 hft’F/Btu,
U=0.104 Btu/hft?F), labeled 12" LW 3 Web, the prototype buildings were generally code
compliant in Climate Zones 1A, 2A and 3B. For those building models in Climate Zone
4C, the models were either code compliant (less yearly energy usage) or have similar
yearly energy use, generally within 0.4% of the baseline and well within the accepted
accuracy of the energy simulation software. These small differences are likely due to the
differences in wall assembly density, and these configurations could likely be shown
compliant with small adjustments in density. These results are also consistent with that
predicted by the prescriptive U-factor compliance method.

For all three prototype buildings, in six of the 7 climate zones investigated the building
configurations were code compliant when the exterior wall assembly was replaced with
“Next Generation” 2-web lightweight (assumed 120 pcf) CMU units reinforced at 48" OC
(Foamed and include a 2” rigid insert in the grouted cell - R=14.67 hft2F/Btu, U=0.068
Btu/hft?F), labeled 12" SW 2 Web. Furthermore, In climate Zone 7 it could be argued
that the 12” SW 2 Web wall systems are code compliant as the yearly energy use is very
close the baseline values. The predicted yearly energy use was well equal to the
baseline values within the accepted accuracy of the energy simulation software. In
addition, these wall systems would meet the code prescriptive limits on wall assembly U
factors and thus show code compliance through this route.

In general, for all the evaluated building configurations and climates, a 200 to 300 %
change in wall thermal resistance resulted in less than an 8% change in yearly energy
use.
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