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ABSTRACT

Global warming and climate change has drawn great concerns in recent years due to the
impact residential buildings have on the environment. Heating and cooling consumption make
up most of household energy in the desert southwest. This energy demand is a big contributor
of carbon emissions being release on to the environment. In an effort to minimize energy
consumption, this research study aims to identify an energy efficient wall assembly that can be
use in the U.S. desert southwest, that is suitable for the environment. With the use of research
and simulations, using BEopt version 2.4.0.1, this investigation compares and evaluates
different exterior wall assemblies to the standard code compliant construction. After ranking
each wall, an ideal assembly was selected based on best performance. The information and
results of this paper used in a case study project for the U.S. Department of Energy, Race to
Zero Student Design Competition to find out that the chosen wall assembly would in fact help
reduce energy consumption in the U.S. desert southwest.

The findings indicate that all of the seven wall assemblies studied show a significant
improvement in site energy, CO, emission reductions, and lowered energy annual costs
compared to the base case scenario. In contrast, all wall assemblies, except for the R-17.1 2x6,
24" o.c. advanced practice wall assembly, show an increase of initial construction costs of up to
21.1% or up to an additional $12,532. However, all initial extra investment on any of the wall
assemblies studied would be paid back within six months or less.

The least desirable wall assembly would be the R-17.1 2x6, 24" o.c. advanced practice
wall type, as this one had the least amount of energy savings, CO, emissions reductions, and
energy annual costs cutbacks out of all the types studied. It also had the longest amount of

simple payback and the smallest amount of additional initial construction cost of $276.



The R-28.8 ICF 2 in EPS, 12" Concrete, 2 in. EPS wall type is less favorable. Though it
provided moderate energy savings of 953 kWh annually, and CO, emission and energy cost
reductions, its initial cost of over $12,000 or 21% was more, compared to the base case wall.

The R-20.6 ICF 2 in. EPS, 4" Concrete, 2 in. EPS, the R-28.3 Double Wood Stud 2x4
Centered, 24 in. o.c., and the R-28.5 Double Wood Stud 2x4 Staggered, 24 in. o.c. show a
medium range of energy savings, as well as moderate initial construction cost.

Last, the two wall systems that this study found that provided the most benefits in terms
of annual energy savings, carbon emissions, energy cost reductions, initial costs, and shortest
amount of pay back were the R-29.2 SIP 7.4 in EPS Core, and the R-36 SIP 9.4 in EPS
Core wall assemblies. These two wall types would be the most desirable options for single

family residential wall construction for the desert southwest.



ACKNOWLEDGEMENTS

I would like to thank you Professor Fernandez-Gonzalez for the ¢ ontinuous support of
my G raduate studies and research, for your motivation and guidance. Specifically, for
encouraging us to participate in the U .S. Department of E nergy, Race to Zero Student Design
Competition. Moreover, my gr atitude ex tends to: P rof. V ermillion, P rof. Glen Novak and D r.
James for their support.

| thank my fellow team members at for all the great work done for the DOE Race to Zero
Student Design Competition, the long hours of energetic discussions and sharing of information

and knowledge; this has helped me grow my knowledge base.



DEDICATION

| dedicate this thesis to my parents, Vicente Corona and Cipriana Corona whose love,
unselfish support and ex ample o ver many years | aid the f oundations for the di scipline and
application necessary to complete this work. Thank you for fostering my talents and s trengths,
and for he Iping m e i mprove on m y w eaknesses. B oth of y ou hav e been an outs tanding
inspiration to me.

| also dedicate this research work to the love of my life, my wife, Viviana, because your
love, acceptance, patience and encouragement have seen us through our first year of marriage

and last year thesis. Without you | could never have accomplish so much.

vi



TABLE OF CONTENTS

= 2 1 2 O R ]|
ACKNOWLEDGEMENTS ... iiissssrr s sssssns s s mmn e s s s s mmnn e e e e s e e nnnnen Vv
[ 1 007N I L Vi
I L 0 L 17 = I SRR IX
LIST OF FIGURES .........ceiiiii i csssnnre s s s s s ssssmsss e s s s s s s smmn s e e s e e s s s s mmn s e e e e e s s nnn s nnnnnnnnns X
CHAPTER 1: INTRODUCTION ....... .ot ssssrrs s ssssss s s s smnn s s s s s s s smmmnnnn e s e s 1
I I = =Tl e (0T T PP P PP PUPPPPPRRRPR 1
{2 o o 1U ] =1 4o o TR 7
1.3 Nevada Energy EStimates. .......oooviiiiii e e 8
1.4 Climate CoNAitioNS .....cccoo i 13
1.5 EXIEIION WalS ... e 16
CHAPTER 2: RESEARCH LITERATURE REVIEW ........coo e essssesens e smnne e 19
2 B =TT (o PP PPPPPPPPRR 19
2.2 Simulation and MOGEIING........uuiiiiiiiiiii e e e e e e 23
2.3 COSEANAIYSIS ... 24
2.4 Standard Wall PraCtiCesS. ... .. .uu i ittt e e e e e e e st e e e e e e e e e aannnes 26
2.5 Best BUIlAING PractiCe ...........uuiiiiiiiiiii e 29
2.6 2X4 WOOd STUA WaIS.....ccceeeiee ettt e e e e e e e e e e e e e s e eeeeeaeeeeeannnnes 30
2.7 2X6 WOOA STUA WaIS......c ettt e e e e e e e e e e e e e e e e aannnes 31
2.8 Double StUA CeNLEIrEd ... 32
2.9 1ICF 87@Nd 16”7 Wall....coe ittt e e e e e e et e e e e e e e e e e nnnrneeeeeaeeeeaaannes 33
200 SIP WA ...ttt e e e e e e et e e e e e e e e e e taaaaeeeeaannrrareeeeeeeeaaanne 34
CHAPTER 3: RESEARCH QUESTION ......ccoiiiiiiieerirr s rssssssssre s sssssnss s s s s s ssssmmsns s 36

vii



G T U 00 1T TS 36

3.2 ReSearch QUESTION ... e e e e e e e 38
3.3 Wall Assembly EVAIUGLION........coooiiiii e 39
G 07T T= IR 11 o 40
CHAPTER 4: METHODS ...t nss s s s s s s s s sannn e 44
g 0001 = S 44
v S22 SN o] ] {0 - o o 44
G B N T=T 0 ] o] YA =T =T o 45
4.4 Capital RECOVEIY COSt ... .ttt e e e e e e e e e e e e e enees 46
CHAPTER 5: RESULTS ...t nss s s s s s s s e e 47
5.1 Simulation Outputs for Site€ ENErgy USE ..........ueiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieviiaea v 47
5.2 Wall Assembly CO2€ EMISSIONS.........uuiiiiiiiiiiiiiiiie e 49
5.3 Cost Of ASSEMDIY WAaIS ..o 51
5.4 ANNUAI ULIIITY COSt...uuiiiiiiiiiiiiiiiiiiii e e e e e anas 53
5.5 SiMple Payback COSES .........uuiiiiiiiiiiiiie e e 55
5.6 EMDOIEA ENEIQY ..ottt e e e e e e e e e e e e e 64
CHAPTER 6: CONCLUSION ......oooiiiiiiiiirrs s sisss s s s sss s s s s s s s s smn e s s 67
APPENDIX A: IRC 2012......ceeeiiiiiueeeiinissrssssssssssssssss s sssssss s ssssss s s s sss s s s ssss s sssssnss s sssssnnnsssssnns 71
(270 = I 0T e 5 o o I 118
CURRICULUM VITAE ...t sss s sss s s sss s s sams s s s s s s samn s s s s smnn s s nssnnns 123

viii



LIST OF TABLES

Table 3.1

Table 5.1

Table 6.1

Building Simulation Parameters used in BEOpPt...........ccoooiiiiiiiiiiii e, 42

Simple Payback Costs

Final Rankings..........



LIST OF FIGURES

Figure 1.1.

Figure 1.2.

Figure 1.3.

Figure 1.4.

Figure 1.5.

Figure 1.6.

Figure 1.7.

Figure 1.8.

Figure 1.9.

Figure 1.10.

Figure 1.11.

Figure 2.1

Figure 2.2
Figure 2.3.
Figure 2.4.
Figure 2.5.

Figure 2.6.

Energy Consumption by Sector, from Energy Information Administration

2013 Electricity Generation Breakdown Nevada Fact Sheet 2015.................... 9

2012 Primary Energy Consumption by Energy Source Nevada Fact Sheet

Temperature Range for Las Vegas from Climate Control Software................. 14
Dry Bulb Temperature Range for Las Vegas from Climate Control Software.....15
The Perfect Wall, from Lstiburek, J.W 2007 Building Science Corporation........ 18

Insulation and Fenestration Requirements by Component for Climate

0N B 27
Equivalent U-Factors for Climate Zone 3., 28
2x4 Standard Wood Construction Wall from Building Science Corporation....... 30
2x6 Wood Stud Centered from Building Science Corporation....... ................. 31
Double Wood Stud Centered from Building Science Corporation.................... 32
Insolated Concrete Form (ICF’s) from Building Science Corporation................. 33



Figure 2.7.
Figure 3.1
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13

Figure 6.1

Structural Insulated Panel (SIPS) Building Science Corporation .................... 34

3D simulation model from BEOPL.........cooiiiiii 43
Simulation Outputs for Site Energy Use..........cooooiiiiiii 47
Wall Assembly CO2€ EMISSIONS.......ccouiuiiiiiii i e, 49
Wall Assembly Construction Cost............coiiiiiiii e 51
Annual Utility Cost......coouiii 53
Capital Recovery Factor and Simple Payback for R-17.1 - 2x6 Wall.................57
Capital Recovery Factor and Simple Payback for R-20.6 ICF........................ 58
Capital Recovery Factor and Simple Payback for R-22.8 ICF........................ 59

Capital Recovery Factor and Simple Payback for R-28.3- 2x4 Double Wood.....60

Capital Recovery Factor and Simple Payback for R-28.5-2x4 Double Wood......61

Capital Recovery Factor and Simple Payback for R-29.2 SIP........................ 62
Capital Recovery Factor and Simple Payback for R-36 SIP............................ 63
NZEB Tool Matrix. Data Collected by Shady Attia...............cccooiiiiiiiiiiiiniee. 65
Energy Related Costs, Life Cycle COSt.........cooviiiiiii e, 66
Wall Types ReSUIS.....ovii e, 68

Xi



CHAPTER 1: INTRODUCTION

1.1 Background.

Fory ears, the | argest source of e nergy dem and i n the U nited S tates has been for
buildings. In 2014, r esidential and ¢ ommercial us ed appr oximately 41% of the total prime

energy use, outpacing demand for both transportation and industrial sectors (Fig. 1.1).

Share of total U.S. energy consumed by major sectors
of the economy, 2014

.gf':'-
eia)
Mote: Sum of individual percentages may not equal 100 because of independent rounding.
Source: U.S. Energy Information Admindstration, Moathly Energy Rewvew, Table 2.1
(March 2015), preliminary data for 2014
Figure 1.1. U.S. Energy Consumption by Sector, from Energy Information Administration 2015.
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The largest consumer of electricity in the United States is the building sector. In 2014,
residential and commercial sectors used approximately 73% of the total electricity use while the

industrial and transportation sectors consumes 26% and less than 1% respectively (Fig. 1.2).

U.S Electricity Consumption by Sector for 2014

_

Residential

(1,407,208 k\Wh)
37% Transportation
(7,758 kWh)
<1%

Data Source: U.S. Energy Information Administration (2015)
Table 7.6 Electricity End Use (Million Kilowatthours)

Figure 1.2. U.S. Electricity Consumption by Sector, from Energy Information Administration

2015.



In 2014, residential and commercial structures in the United States were responsible for
emitting the highest amount of CO, emissions at 39% compared to transportation at 34% and

the industrial sector at 27% (Figure 1.3).

U.S. Co, Emissions by Sector for 2014

Residential
(1116 MMT CO,e)
21%

Data Source: U.S. Energy Information Administration (2015)
Table 12.2 and Table 12.3

Figure 1.3. CO. Emissions by Sector, from Energy Information Administration 2015.



In 2014, residential homes consumed 22% of energy while the commercial buildings
used an additional 19% totaling 41% of all the energy utilized in the U.S. (U.S Energy
Information Administration [USEIA], 2015). Moreover, the building sector emits the highest
amount of carbon emissions at 39% compared to transportation and industrial sectors. In the
desert southwest region, local electric utilities are facing challenges to keep up with electrical
demand and peak loads (Sadineni et al., 2011). Las Vegas’ metropolitan area will continue
facing electrical demand problems in the future as the square footage in homes keeps
increasing in size. As more energy will be consumed for heating and cooling, thus more fossil

fuels burned.



As shown in figure 1.4., residential homes built in the 1990’s are on average 27% larger
compared to homes built in the 1970’s and 1980’s in all four regions of the U.S. The number of
homes built in the 1970s and 1980s were less than 1,800 square feet. That number increased to
approximately 2,200 square feet for homes built in the 1990s and to 2,465 square feet for
homes built in the 2000s (U.S. Energy Information Administration, 2015) This same source also
points out: while the floor area continues to increase in newer homes, so will the ceiling heights.
Of the homes built in the 1970’s, 17% had higher than traditional eight-foot ceilings. This
number increased to 52% in homes built in the 2000s. As the average square footage in
residential homes keep increasing, the demand for heating and cooling these spaces will also

rise.



Newer homes trend larger in all regions of the country

average square footage

3,600

3,000

2400

1,800
1,200

600

O

Martheast Midwest South West
Year of Construction

B 1970 @ 1980 E 1900s 2000s

Eia' 2009 RECS: Housing Characterstics, Square Footage

Figure 1.4. Housing Characteristics Square Footage, from Energy Information Administration

2012.



1.2 Population.

The 2015 population for Nevada is estimated at 2,890,845, which is a 6% increase from
2,700,552 in 2010 (U.S. Census Bureau, Population Division). The Nevada Energy Fact Sheet
shows that Nevada has a population growth rate from 2005-2013 by about 1% per year.
Moreover, the total number of residential households in 2010 was 979,621, while in 2014 this
number grew to 1,005,958 million, a 2.6% increase in five years (U.S. Census Bureau, 2014).
As the population keeps growing in Nevada, demand for homes will also increase, resulting in
more electricity demand. Lowering the energy consumption would help consumers save money
and cut back on the demand for the fossil fuels: coal, oil, and natural gas. Less consumption of
fossil fuels also leads to fewer emissions of carbon dioxide -- the dominant provider to global
warming. In addition, the need for new power plants and expensive upgrades to existing power

infrastructure would be much less.



1.3 Nevada Energy Estimates.

According to the N evada Energy Fact Sheet, Nevada ranks 41 i n energy consumption
per c apita and 38 for total ener gy c onsumption. Natural gas is the pr imary fu el for pow er
generation at 73% , w hile 16% of t he total is coal, fol lowed by renewable resources at 11%
(Figure 1.5.). In 2012, n atural gas was the | eading source of ener gy consumed in Nevada at
45%. Only 11% of energy consumption in the state came from renewable energy, with
petroleum at 35%, and coal at 9% of the total as illustrated in Figure 1.6., (Nevada Fact Sheet,
2015).

As shown in Figure 1.7., el ectric utilities used 68% of the total am ount of natur al gas
while the residential sector accounted for 15%, followed by and the commercial sector at 12%
and the industrial sector at 5% (Nevada Fact Sheet, 2015). In 2012, the transportation sector
consumed 33% of the energy in state of Nevada; while the industrial sector used 25%, followed

by residential and commercial at 24% and 18% respectively (Figure 1.8).



2013 Electricity Generation Breakdown

Figure 1.5. 2013 Electricity Generation Breakdown, from Nevada Fact Sheet 2015.



2012 Primary Energy Consumption by Energy Source

Figure 1.6. 2012 Primary Energy Consumption by Energy Source, from Nevada Fact Sheet

2015.



2013 Natural Gas Use

Industrial
5%

Figure 1.7. 2013 Natural Gas Use, from Nevada Fact Sheet 2015.
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2012 Primary Energy Consumption By End Use

Residential
24%

Figure 1.8. 2012 Primary Energy Consumption By End Use, Nevada Fact Sheet 2015.
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1.4 Climate Conditions

The article Designing a Sustainable House in the Desert of Abu Dhabi, ( Al-Sallal et al.,
2012) suggests that architects and engineers need to consider the surrounding e nvironment
and climate at the early stage of the design to rely less on cooling and air conditioning of
buildings. P roper des ign of bui Iding for m, orientation and ener gy effi cient envelope has the
advantage to lower heats gains and energy consumption of a building. Taking the local climate
and site conditions and implement passive design strategies is another key design to maximize
the relaxation and health of the occupant -- while minimizing energy use (Taleb, 2014).

A previous article showed that semi-arid areas like Phoenix, AZ impact the heating and
cooling energy requirements of a building by a large amount (Hester et al., 2011). Sadineni and
Boehm (2011) studied the effects of the desert climate in the southwest region of the U.S., on
domestic energy use, and found that high temperatures result in increased energy consumption.

Boehm, lists southern Nevada as a hot, arid region (2008). Weather conditions in Las
Vegas ar e nor mally ho t thr oughout the y ear, during day time, w hile n ight tem peratures ar e
cooler. Summer days have commonly large temperature swings -- from day to night -- and can
last from May to September. Temperatures during this season range from 81°F to 106°, and can
even exceed to 115°F. With the abundant sunshine and clear sky at ni ght, buildings in Las
Vegas will warm considerably during the day time, demanding more energy for cooling. This is
why it is important to c onsider an energy efficient wall assembly to help decrease heat gai ns
and energy use in the des ert southwest region of the U .S. The winter season in Las Vegas is
short generally mild. Temperatures during the winter months of November to M arch average

between 58°F to 38°F, but can also drop to low freezing temperatures of 20°F.
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As shown in Figure 1.9., the annual temperature in Las Vegas is widely diffused; the
design high and design low temperature tend to fal | outside of the comfort zone. It also shows

the extended duration of heat that buildings are exposed to during the summer season.

TEMPERATURE RANGE LOCATION: Nellis Afb, NV, USA
Californéa Energy Code Latitude/Longiade: 36 25° Nofth, 115 03° \West Tame Zone from Gresnwich -
Data Jource; TMY3  TZ3Bash Elevation 1870 1
__LEGEND
FECORTEDHIGH .+
D SGH b =
KUTRAC HOGH iz
ARAGE LW
DEIN LOW
IHCORND LW
| commoi fom |

DR
- Pusfr e

Pt o
O %ot s b
eSO, E
© P ofroursien
© Al e
& Uotreunsboon
TEMPEATRE R
o Bminw

@ Fimne

Figure 1.9. Temperature Range for Las Vegas from Climate Control Software.
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Figure 1.10., shows the dry bulb temperature for Las Vegas is usually above the comfort
zone during a 24 hour period, which means that during the night time the temperature is above
78°F. There are only a few hours during the day when the comfortable temperature is reached
during the months of November and January. The temperature does not reach or go above

68°F, only the month of December.

LOCATION: Hellis Afbs, NV, USA
TIMETABLE PLOT LattudeLongiude: 35 25° borih, 115 03° West Teme Zone from Gresnwich -5
Data Source: TMYZ 723855 WMO Staton Number Elevation 1879 ft

Ao

CREBARTDE

Moty A Caly

Figure 1.10. Dry Bulb Temperature Range for Las Vegas from Climate Control Software.

15



1.5 Exterior walls

Shelter pr ovides pr otection and comfort for i ndividuals agai nst th e har sh ¢ limatic
elements of the env ironment. Residential housing has become that for m of s helter for people,
fulfilling the need safety well-being. This has led to various technological advances in residential
housing. One of the firstty pes of wall assembly was m ade out o f Wattle and D aub, w hich
consisted of branches or vertical stakes creating a lattice covered with plaster combined of dirt,
clay sand, animal hair and ani mal dug and s traw. Today this combination forms the basis of
modern s tucco appl ications onr esidential wall s urfaces ( Lustiburek, 2 014). The m ass
production of nails and dimensional lumber, in the 1850’s, led to the Balloon framing which
dominates residential construction to this day.

With the i ncrease in p opulation, today, more hom es are being built only to m eet the
minimum building code standards. Designers need to c arefully consider environmental friendly
design strategies from the beginning of the design process to help ease the negative impact of
new homes on the environment.

A variety of solutions have been investigated towards the efficiency and economic
reduction of energy consumption in heating and cooling, for homes located in hot arid climates.
Examples of design solutions include site orientation, building footprint and surface area, green
rooftops, implementation of trees and shrubs to provide shading, materials and human behavior,
fenestration and surface area, and thermal mass application (Al-Sallal et al., 2013). These same
methods can be advantageous in the U.S. Desert Southwest to lower the demand for cooling
and heating consumption.

An ener gy-efficient wall is another option to m inimize ther mal bridging by providing a
tight building envelope to function as the boundary between the weather outside the house and

the tem perature i nside the hom e. This will b enefit the ¢ onsumer w ith | owered ener gy bi lls,

16



therefore eliminating the regular urgency to turn on the ai r condition unit and as a result it will
provide the homebuyer with greater thermal comfort.

Today, with the negative impacts on the environment and hum an activities in buildings,
designers u nderstand the needs for control | ayers s uch as rain control, air c ontrol, ther mal
control and advance framing techniques to help ease this stress on the environment.

Lstiburek’s article The Perfect Wall as shown on Figure 1.11., writes about three ideal
wall types for different types of buildings: institutional, commercial, and residential. He lists four
layers for each of the wall types in the following critical order:

e Arain control layer

e An air control layer

¢ A thermal control layer

e A vapor control layer
The author explains that an ai r control layer is unnecessary if the r ain can get thr ough. The
vapor barrier is unnecessary if you can’t control the ai r, and don’t bo ther about t he c ontrol
thermal layer if the vapor is not controlled (Lstiburek, 2007). In other words, build it simple by

having the perfect wall become the environmental s eparator -- keep the outs ide out and the

inside in.

17



Brick veneer/stone veneer
Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

b

AT

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Mon paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud wall

Gypsum board :
Latex paint or vapor semi- - |
permeable textured wall fiinish 7

Vapor Profile

Figure 1.11. The Perfect Wall in concept, from Lstiburek, J.W. (2007). Building Science

Corporation.
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CHAPTER 2: RESEARCH LITERATURE REVIEW

2.1 Energy

The amount of ener gy c onsumed and gr eenhouse gas e missions by the r esidential
housing an d c ommercial s ectors are thel argesti nthe U .S. (Aldawietal ., 2013). The
consumption and greenhouse gas emission not only put additional pressure on fossil fuel
resources, it also causes global warming and climate change. The studies performed by Aldawi
included the simulation of three wall systems with optimal thermal masses and a conventional
wall. An important aspect of the study is to note is that thermal performance modeling was
carried out befor e the ac tual construction of ar esidential hous e w as built. Th e r esearch
estimated the total ong oing heating and c ooling ener gy requirements for a conventional w all
built out of timber with batt insulation and three high performance walls. One of the three walls
built with re-inforce concrete and polystyrene on the outside, resulted in possessing high energy
saving of 47% compared to the standard conventional wall. Although there is a high
construction cost for the high performance wall system the us er will recuperate its investment
within 6-14 years depending on the types of mechanical system is used. This means the
building envelope is an approach everyone in the w orld could benefit by improving its thermal
performance and minimize the ener gy us e in the residential and ¢ ommercial c ategory while
lowering greenhouse gas emissions.

Zhu et al. in their article Detailed Energy Saving Performance Analyses on Thermal
Mass Walls Demonstrated in Zero Energy House, presents findings from a side-by-side case
study of the construction of two homes: one conventional wood framing and one Insulated
Concrete Panel (ICP). Heat flux readings were evaluated and concluded that the baseline

house external wall temperature varies significantly compared to the ICP panel wall.

19



The results from Zhu et al. show that heat transferred through the massive walls into the
inside space while it transferred outside through the conventional walls. This is because the
mass wall construction has the ability to store and absorbed solar heat during the peak time and
shifts it back at night. With the desert climate of high ambient temperature and intense sunlight,
too much heat will be stored unable to be released back outside resulting in high energy for
cooling for the ICP thermal mass wall (Zhu).

Another example stated by Swan (2011), show that renewable construction materials
with low bodied energy, like adobe, earthen construction and straw bale wall assembly have the
opportunity to reduce energy from the start of the design process. However, these systems are
not generally taken into consideration, only a few selected local building codes accept these
types of alternate methods. Lstiburek states, “if we are going to address the energy problem the
perfect wall is needed now more than ever; we should be demanding the integration of these
wall systems and be perfect.” (2007).

Buildings are major consumers of energy throughout their life cycle; they have a serious
impact on energy usage and the environment. The design and construction industry have the
potential to improve energy efficiency during their life time (Jackson, 2010).

Energy rating systems are tools to help designers and builders reduce the negative
impacts buildings have on the environment. However, Jackson’s article Green Home-Rating
Systems: A preservation Perspective, examines the wide spread disparity for seven rating
software programs: The U.S. Green Building Council LEED for Homes, Green Building / Green
Points, Built it Green, Built Green, BREEAM Ecohomes, Vermont Builds Greener and Austin
Energy Green Building. He adds that these home-rating systems do not provide good
benchmarks for assessing whole building performance. The typical actions measured in green
rating systems are highly variable and ultimately reveal some assumption of environmental
benefit. (Jackson, 2010). In addition, three of the seven compared systems do not give any
points to building reuse. Two give only meaningless points on purchasing new materials. Only
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the BREEAM system provides reliable information for building reuse that is equivalent to those
of the new-materials ratings.

The author concludes that most of the rating systems have become measures of how
much humans consume, rather than asking the more important questions -- should we
consume? And if so, how much? Current green home-rating systems too often lead to the
conclusion that the green home “tear down” is preferable to the “green Home makeovers.”
(Jackson, 2010). The need to find the right combination of preservation practices and efficiency
measures needs to be improved for green conservation to help reduce the building’s negative
impact on the environment.

The Article by Crawford et al. A comprehensive Framework for Assessing the Life-Cycle
energy of a Construction Assemblies points-out that there is a limited amount of information
available when it comes to considering the embodied energy and life-cycle of a structures.
Without this information, the designers worldwide are unable to make informed decisions before
construction begins on a new building. This in return contributes to more pollution and more
energy use during the life cycle of the structure. Crawford et al. add that a dependable and
complete plan for evaluating and select superior building assemblies to defined environmental
outcomes currently do not exist (2010).

Crawford et al. present a method for ranking building assemblies based on their life-
cycle energy performance by integrating embodied energy assessment techniques with thermal
performance modeling. The initial findings were used to compile a database with information
associated with a large number of building construction assemblies that can be available for
designers and builders worldwide.

The embodied energy assessment was performed using an in-put and output-based
hybrid analysis from the Australia National Accounts (ABS) and combined with energy intensity
factors by fuel type (Crawford, 2010). Eight material assemblies were ranked from lowest to
highest life cycle energy requirement. While a superior wall assembly with higher energy
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performance may have a higher initial embodied energy requirement, compared to a less
favorable system, the need to replace that material may result in a lower net energy result over
the life of the building (Crawford et al., 2010).

Current studies of embodied energy are quite unclear and vary greatly globally due to
problems of variation and incomparability of information that exist in databases that the
International Standardization Organization (ISO) provides.

Most countries follow the LCA standards to keep track or build information of products
and then store into databases to make it available for governments to set their own standards.
However, the LCA standard falls short; it does not provide the information needed and does not
address some important issues, such as having a standard benchmark for all manufacturing
companies to measure the energy require for extracting materials.

Studies that involved the calculation of embodied energy in building and building
materials either did not mention using any standard or used standards provided by ISO and the
Society for Environmental Toxicology and Chemistry (SETAC). ISO and SETAC are the two key
organizations that are working towards standardization and scientific development (Manish et
al., 2012).

The author recommends developing a set of standards to streamline the embodied
energy data to resolve issues in current LCA standards. With the use of the guidelines a
database with information could be shared globally for countries to benefit from and make liable
choices. The embodied energy is a complex topic to assess. However, it is needed to ease the

embodied impact on the environment.
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2.2 Simulation and Modeling

Residential building energy simulation is playing an increasingly important role in
building design. There are a growing number of software tools being used for analyzing the
energy consumption in buildings to establish the basis of design and their energy efficiency
requirements. Being able to model a new structure at various design stages can help designers
achieve optimization and meet the energy requirements needed.

Although energy simulations are important at the beginning stages of design, they are
complicated process involving modeling and analytical skills. Designers often find it difficult to
carry out the building energy analysis and understand the simulation results. Valovcin et al.
state that the programs are not perfect as they make assumptions, this causes impartial results.
For example, actual versus assumed behavior of occupants can result in errors from formula
inputs that are built into the model. (Valovcin et al., 2014). With increasing concern in energy,
the demand of simulation and modeling to be done on buildings prior to construction is greater
than ever; allowing designers to understand the design and performance relationships.

Different studies have shown that building energy simulation can help designer predict
various potential energy savings on a residential buildings. The journal article by Suresh et al.
Economic Feasibility of Energy Efficiency Measures in Residential Buildings, show a building
energy simulation software being used to help identify several potential efficiency upgrades for
production of homes in Las Vegas (Suresh et al., 2011). Energy-10 simulations were used to
calculate the annual energy savings for each energy efficient upgrade. To verify the accuracy of
the Energy-10 building input parameters and mechanical equipment, the simulations were
compared against measured data (Suresh et al., 2011). The building model was instrumental, it
allowed the engineers to validated and predict the annual energy savings and payback periods
for numerous components. It concluded that the cost benefits of basic energy efficiency

upgrades, like the need for cellulose insulation in walls and roofs, would be most beneficial. In
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addition, the cost benefit of advance energy efficient components show energy efficient
windows and PV 3.192 kW to have a benefit cost, while the other upgrades show zero benefits

to cost.

2.3 Cost Analysis

Saha’s article Cost Effective Thermal Wall System for Residential Housing, states that
the Australian Bureau of Meteorology predicts that temperatures will rise between 0.4° and 2° C
by 2030 across Australia (Saha, 2011). Because of this growing awareness heating and cooling
in the residential sector will increase, thus resulting in more carbon emissions being release
onto the environment. There are approximately 28% of households without insulation in this hot
climate.

The author conducted a study to find the cost savings by comparing the thermal
efficiency of four of the most common external walls for residential construction in Sydney
Australia. These included clay masonry veneer, a cement sheet, and weatherboard and cavity
clay masonry wall assembilies.

The research consisted of finding the cost of the thermal wall insulation and the cost of
the four wall structures. Their total cost was calculated as “per m? and in order to make a fair
cost comparison, data was collected from “Reed Construction Data,” which deals with variations
in price of materials and labor between different suppliers and tradesman.

The results showed the cement wall was the most affordable at $130.17 the second was
the weatherboard at a cost of $201.38 followed by the cavity clay masonry at $232.6. As for the
insulation, fiberglass was the most affordable compared to rockwool and was used in the cost
equations. It is important to note different insulation thicknesses were used in each of the walls

to evaluate their thermal performance.
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The largest saving in annual heating a cooling is found in all wall types when the nominal
amount of insulation is added (Saha, 2011). Cement sheet is the most cost effective wall system
compared to the cavity clay masonry being the most expensive. The clay masonry veneer and
the weatherboard wall systems are similar in price.

The pay back of a wall system is dividing it cost by the amount savings achieved
compared to the benchmark air film wall. The payback is as follows: cement wall took 5.8 years;
masonry veneer and the weather boards take 8 years: followed by the clay masonry which took

9 years for paying back the cost of these wall systems (Saha, 2011).
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2.4 Standard Wall Practices

The standard exterior wall construction for new residential homes in Las Vegas is based
on the 2012 International Residential Code requirements (2012 IRC) and the 2009 International
Energy Conservation Code (2009 IECC). 2x4 16 in o.c. wood constructions is the most
commonly used exterior wall type in the Las Vegas Valley. Section R602.2 of the 2012 IRC
states that studs need to be a minimum No.3, standard or stud grade lumber and Section
R602.3 requires the exterior wall systems of wood-frame construction are in conformity with
AF&PA’s NDS fastener schedule. In addition, wall sheathing should be fastened directly to
framing structure to resist wind pressures. As seen on Figure 2.1 and 2.2 the 2009 IECC
requires that for Clark County (3B) climate zone, walls are to have an R-value of R-13 minimum

with an equivalent U-factor of 0.082 or less (2009 IECC, 27-28).
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TABLE 402.1.1
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT?*

CRAWL
GLAZED WOOD MASS BASEMENT®| sLAB® SPACE®
CLIMATE | FENESTRATION | SKYLIGHT? | FENESTRATION | CEILING | FRAME WALL | WALL | FLOOR WALL RVALUE | WALL
ZONE U-FACTOR! U-FACTOR SHGCb,e R-VALUE R-VALUE _ |R-VALUE'| R-VALUE | R-VALUE | & DEPTH | R-VALUE
1 1.2 0.75 0.30 30 13 3/4 13 0 0 0
2 0.65 0.75 0.30 30 13 /6 13 0 0 0
3 0.50/ 0.65 0.30 30 13 5/8 19 5/13% 0 5/13
Semeend 0.35 0.60 NR 38 13 5/10 19 10/13 10.2f | 1013
Marine
5 and h /- i Y J
; 0.35 0.60 NR 38 20 or 1345 13/17 30g 10/13 10, 2 ft 10/13
Marine 4
6 0.35 0.60 NR 49 20 or 1345 | 15/19 308 15119 10 4 ft 10/13
7 and § 0.35 0.60 NR 49 21 19/21 388 15/19 10. 4 ft 10/13

F

a.

b.
c

e oo

Y

or SI: 1 foot =304.8 mm

R-values are numimums. U-factors and SHGC are maximums. R-19 batts compressed into a nominal 2 x 6 framing cavity such that the R-value 1s reduced by R-1 or

more shall be marked with the comprepsed batt R-value in addition to the full thickness R-value.

The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration.

"15/19" means R-15 continuous insulated sheathing on the interior or exterior ofthe home or R-19 cavity insulation at the interior of the basement wall. "15/19"

shall be permitted to be met with R-13 cavity insulation on the interior ofthe basement wall plus R-5 continuous insulated sheathing on the interior or exterior ofthe

home. "10/13" means R-10 continuous insulated sheathing on the mterior or exterior ofthe home or R-13 cavity insulation at the interior ofthe basement wall.

. R-5 shall be added to the required slab edge R-values for heated slabs. Insulation depth shall be the depth ofthe footing or 2 feet. whichever 1s less in Zones 1

through 3 for heated slabs.

There are no SHGC requirements in the Marine Zone.

Basement wall insulation is not required in warm-humid locations as defined by Figure 301.1 and Table 301.1.

. Or insulation sufficient to fill the framing cavity, R-19 minimum.

. "13+5" means R-13 cavity msulation plus R-5 insulated sheathing. If structural sheathing covers 25 percent or less of the exterior, insulating sheathing is not
required where structural sheathing is used. If structural sheathing covers more than 25 percent of exterior, structural sheathing shall be supplemented with insu-
lated sheathing of at least R-2.

. The second R-value applies when more than half the insulation is on the interior of the mass wall.
. Forimpactrated fenestration complying with SectionR301.2.1.2 ofthe International Residential Codeor Section 1608.1.2 ofthe Jnternational Building Code, the

maximum U-factor shall be 0.75 1 Zone 2 and 0.65 in Zone 3.

2009 INTERNATIONAL ENERGY CONSERVATION CODE® 27

Figure 2.1 Insulation and Fenestration Requirements By Component for Climate Zone 3

(IECC, 2009)
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RESIDENTIAL ENERGY EFFICIENCY

TABLE 402.1.3
EQUIVALENT U-FACTORsa

CRAWL

FRAME BASEMENT SPACE

CLIMATE FENESTRATION SKYLIGHT CEILING WALL MASS WALL FLOOR WALL WALL

ZONE U-FACTOR U-FACTOR U-FACTOR U-FACTOR U-FACTOR® U-FACTOR U-FACTOR?® U-FACTOR®

1 1.20 075 0.035 0.082 0.197 0.064 0.360 0.477

2 0.65 0.75 0.035 0.082 0.165 0.064 0.360 0.477

3 0.50 0.65 0.035 0.082 0.141 0.047 0.091¢ 0.136

4 except Marine 0.35 0.60 0.030 0.082 0.141 0.047 0.059 0.065
5 and Marine 4 0:35 0.60 0.030 0.057 0.082 0.033 0.059 0.065
6 0.35 0.60 0.026 0.057 0.060 0.033 0.050 0.065

7and 8 0.35 0.60 0.026 0.057 0.057 0.028 0.050 0.065

a Nonfenestration Ufactors shall be obtained from measurement, calculation or an appraved source.

b. When more than halfthe insulation is on the interior, the mass wall Ufactors shall be a maximum of0.17 in Zone 1,0.14 in Zone 2,0.12 in Zone 3,0.10 in Zone 4
except Marine, and the same as the frame wall Ufactor in Marine Zone 4 and Zones 5 through 8.

. Basement wall Ufactor of 0.360 1 warm-hunud locations as defined by Figure 301.1 and Table 301.2.

Foundation Ufactor requirements shown in Table 402 13 include wall construction and interior air films but exclude soil conductivity and exterior air films.

Ufactors for determining code compliance in accordance with Section 402 1.4 (total VA alternative) ofSection 405 (Simulated Performance Alternative) shall be

modified to include soil conductivity and exterior air films.

an

Figure 2.2 Equivalent U-Factors for Climate Zone 3 (IECC, 2009)
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2.5 Best Building Practice

Through the contribution from the US Department of Energy (DOE) a team collaboration
between the engineering department at the University of Nevada Las Vegas, Pulte Homes
(home builder) and NV Energy (local utility) was formed with a mission to reduce peak electricity
need by 65% at a substation level (Sadineni et al., 2011).

The result of this collaboration led to the first LEED (Leadership in Energy and
Environmental Design) Platinum certification standards with HERS (Home Energy Rating
System) that is greater than 50% more efficient than the similar sized homes built with standard
building practices ( Frances, 2009).

The new residential community named Villa Trieste features energy efficient building
envelope, efficient HVAC system and efficient lighting. Villa Trieste homeowners will enjoy
homes that are more energy efficient and have a lower impact on the environment as compared

to a code compliant built home (Sadineni et al.,2011).
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2.6 2x4 Wood Stud Walls
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Figure 2.3. 2x4 Standard Wood Construction Wall from Building Science Corporation, 2014.

Conventional framing, the industry standard for framing residential construction, typically
consists of: 2x4 wood framing spaced 16 inches on center, double top plates, three-stud
corners, multiple jack studs, and double or triple headers. In most cases, the framework is filled
with fiberglass or cellulose insulation, and then covered with a layer of 1/2” layer of oriented
strand board (OSB), that is made of wood chip pieces glued and compressed together. This is

followed by an air barrier layer and the exterior finish, which is typically stucco.
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2.7 2x6 Wood Stud Walls
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Figure 2.4. 2x6 Wood Stud Centered from Building Science Corporation, 2014

2x6 wood framing 24 inches on center is considered advance framing (Sadineni et al.,
2011). It consists of: double top plates, three-stud corners, multiple jack studs, and double or
triple headers. The framework is filled with fiber glass or cellulose insulation, when combined
with EPS insulation the R-value increases to 23 (Sadineni et al., 2011). Next is 1/2” layer of
oriented strand board (OSB) sheathing followed by an air barrier layer and the exterior finish --

which gains is typically stucco.
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2.8 Double Stud Centered
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Figure 2.5. Double Wood Stud Centered from Building Science Corporation, 2014.

Double 2x4 walls are built in the same way as conventional 2x4 walls. Instead of a single
exterior wall, the house has two parallel exterior walls. After the 2x4 exterior wall, which is 16
inches or 24 inches on center, is constructed — it is followed by a 2x3 or a 2x4 stud wall
staggered or centered and 5 inches apart from the exterior wall. The cavity can be filled in with

cellulose insulation.
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2.9 ICF 8” and 16” Wall
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Figure 2.6. Insulated Concrete Form (ICF’s) from Building Science Corporation, 2014.

Insulated Concrete Forms (IFCs) are considered an advance new wall technology, it
consisting of an EPS inner and outer face (sometimes cement wood fiber) and filled with a cast-
in-place concrete. The thickness of EPS and concrete panels varies with higher R-value options

(Zhu et al., 2008). It is used for residential and light commercial construction.
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2.10 SIP Wall
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Figure 2.7. Structural Insulated Panel (SIPs) Building Science Corporation, 2014.
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Structural Insulated Panels (SIPs) represent another option for designers and builders in
the construction industry and gradually is increasing interest as an alternative material for both
the residential and commercial buildings.

SIPS are a prefabricated unit made up of sections using two oriented-strand-boards
(OSB) on e ach s ide enc asing a ¢ ore of ex panded pol ystyrene foa m i nsulation (EPS). The
materials used for the ex terior facers and the foam insulation core can vary depending on the
manufacturer and the des ired pr operties of th e fi nal w all s ystem. A Iternate i nsulation c ores
include extruded polystyrene (XPS), polyisocyanurate and pol yurethane. The ov erall thickness
of the foam core varies but i s ty pically av ailable in dimensions closely resembling tr aditional
framed walls. In addi tion O SB facers can include some manufacturers s pecialize in plywood,
straw board and cement board.

SIPs are an inherently energy efficient system. Thermal bridging through framing
members is extremely reduced and can easily achieve a low infiltration system. In addition,
studies have shown SIPs posses considerable strength and stiffness necessary to sustain
required design goals. Relative to standard framing, SIPs produce much less construction waste
because they are built in factories where production processes can be fine-tuned.

Panel connections are a crucial part of the SIP system. Being that the structural joint is
critical to the integrity of the building, it is also the location where air leakage can happen.
Splines firmly connects each panel together at the joints, this prevents air infiltration into the
building. The most common are the insulated spline connection and the OSB surface spline

shown in the illustration above.
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CHAPTER 3: RESEARCH QUESTION

3.1 Purpose

Shelter provides protection and comfort for individuals against the harsh climatic
elements of the environment. Residential housing has become that form of shelter for people,
providing to the need for their well-being and safety. This has led to various technological
advances in residential housing. Without shelter, human survival in the harsh climates we
inhabit would be difficult, if not impossible. However, these structures have serious
consequences on energy consumption and on the environment.

The U.S residential buildings account for about 22% of the nation’s energy consumption,
which releases an estimated 1,116 million metric tons of carbon dioxide emissions into the
environment annually (U.S. Energy Information Administration [USEIA], 2015). In the desert
southwest region, local electric utilities are facing challenges to keep up with the electrical
demand and peak loads (Sadineni et al., 2011). Today, as global warming increases,
homebuyers are progressively demanding and purchasing energy-efficient homes that are
suitable towards the climate in their designated region. The residential housing sector is
beginning to supply consumer demands, through the means of designers and builders, by
implementing energy-efficient design methods. These methods include thorough selection of
building materials with low embodied energy that will benefit the homebuyer financially, as well
as ease the impact of the home on the environment.

A variety of solutions have been investigated towards the efficiency and economic
reduction of energy consumption in heating and for cooling homes located in hot arid climates.
Examples of design solutions include site orientation, building footprint and surface area, green
rooftops, implementation of trees and shrubs to provide shading, materials and human behavior,

fenestration and surface area, and thermal mass application (Al-Sallal et al., 2013). These same
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methods can be advantageous in the U.S. desert southwest to lower the demand for cooling
and heating consumption.

An energy-efficient wall can be another option to minimize thermal bridging by providing
a tight building envelope to function as the boundary between the weather outside the house
and the interior temperature. This will benefit the consumer with lowered energy bills,
eliminating the regular urgency to turn on the air condition unit and as a result this will provide
the homebuyer with greater thermal comfort. Identifying an ideal wall assembly for residential
buildings in the U.S. Desert Southwest is crucial for designers and builders who strive to
achieve exceptional energy efficiency in houses while reducing the embodied energy that has

an impact on the environment.
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3.2 Research Question

The objective of this study is to answer the main question of identifying an ideal
residential exterior wall assembly in the U.S. desert southwest. This will be achieved by using
research studies and computer simulations to examine three sub-problems. The sub-problems
that will be analyzed include the cost associated with different wall assemblies, energy
efficiency of each selected wall choice, and the environmental impact of embodied energy. The
article “A comprehensive Framework for Assessing the Life-Cycle Energy of Building
Construction Assemblies” (Crawford et al., 2011) evaluated eight residential construction
assemblies considering embodied energy and thermal performance and ranked them according
to their efficiency. Another article “Analysis of Residential System Strategies Targeting Least-
Cost Solutions Leading to Net Zero Energy Homes” (Anderson et al., 2006) explains what
factors are considered when evaluating the construction cost for wall assemblies. Similar to
these two articles, the proposed approach for this thesis study is energy efficiency, cost
comparisons and life-cycle assessments in the residential sector of the U.S. Desert Southwest

to be able to determine the best residential wall assembly.
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3.3 Wall Assembly Evaluation

While there are numerous high-performance wall systems to be assessed, the
assemblies below are the preferred approach for residential buildings for the U.S. desert
southwest climate. This research focused on comparing a typical code compliant traditional
framed house 2x4 wood stud 16 in o.c. that has R-13 batt insulation in the cavity wall. The wall
assemblies that were researched include:

1. A base case model 2x4 in 16 o.c. with R-13
2. 2x6in 24 in o.c. with R-17.1

3. Double wood stud 2x4 in centered, 24 in o.c.
4. Double wood stud 2x4 in staggered, 24 in 0.c
5. SIP Panel with R-29.2

6. SIP Panel with R-36

7. ICF Panel with R-20.6

8. ICF Panel with R-22.8
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3.4 Case Study

This study and thesis was done in conjunction with the Race to Zero Student Design
Competition sponsored by the U.S. Department of Energy. This event involves students and
teachers from universities in the United States and Canada. There are two goal options for the
competition:

1). A real-world scenario where a builder needs to update an existing structure (house

plan) to a high-performance house design.

2) Developing a new high performance home that is net zero energy ready but still

reasonably affordable.

Teams are challenge with a specific design problem and are responsible to either
redesign an existing floor plan or create a new house design that meet the project requirements.
The purpose of the competition study is to provide the next generation of architects, engineers,
construction managers, and entrepreneurs with knowledge and skills necessary to start careers
in clean energy and solve real-world problems related to energy (U.S. DEO, 2014).

The UNLV team decided to pursue the latter option, as the bases of their design for the
design competition. Each of the students from the UNLV team was assigned to research various
design components that could be advantageous for the new design of the house. The areas that
were studied include, site orientation, roof assemblies, wall assemblies, fenestration,
mechanical systems and Indoor Air Quality. This information was collectively used as the
benchmark simulation model.

Table 3.1 shows all the values that meet the 2009 IECC code standards that included
envelope materials for walls, roof, glass and HVAC sizing that are typically used in the
southwest climate for residential homes. Water heater, lighting, plug loads, and appliances were
set to zero for the simulation and only space conditioning energy data was extracted from the

simulation.
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The competition requirement was to assess the energy analysis of a base model. The
guidelines of the competition recommended and encourage student to use the BEopt software
developed by (NREL).

BEopt evaluates residential building designs and identifies cost-optimal efficiency
packages at various levels of a whole house energy savings along the path to zero net energy,
which is when a home consumes as much energy as it produces annually. Both new
construction and existing home retrofits can be analyzed through evaluation of single building
designs, parametric sweeps, and cost-based optimizations. In addition, BEopt can simulate
based on analysis on different types of characteristic, like size, building construction materials,
location, equipment, and utility costs (Valovcin et al., 2014).

Each team member obtained the data from the BEopt simulations to establish which
systems or construction assemblies were good candidates to be incorporated in the design
competition house. Once the optimal parameters were selected, a simulation model with these
systems was generated and evaluated based on performance. It is also important to note that
BEopt allowed the students to make quick changes to their systems in the model even after all
the parameters were already included in the simulation, this granted student the ability to make
last minute changes to enhance optimization performance of the house. The information
gathered from the simulations was site energy used, cost of each system, efficiency

measurements and CO2 emissions.
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Simulation Parameters Base Case Model

Categories

System Description

Building EPW Location

Las Vegas, McCarran International Airport

Orientation South
Neighbors None
Walls R-13 Fiberglass batt insulation with 2x4 studs

16 inches on
center with1/2" gypsum board.

Exterior Finish

Stucco with a medium dark paint.

Roof R-30 Fiberglass batt insulation vented roof
with terra cotta tiles.

Ceiling 5/8" gypsum board.

Foundation Whole slab R-10 with R-5 XPS insulation.

Window Areas

Achieve daylight factor of 4% per ASHRAE
189.1-2014. Glazing area equal to 20% of the
total floor area.

Windows

Double-pane, high-gain low-E, non-mental
frame, argon filled (U-value) 0.37, solar heat
gain coefficient 0.53), with no overhangs on
windows.

Space Conditioning

Central air conditioning SEER 13.
Gas furnace 78% AFUE

Ducts: 8 CFM25 per 100 sf, R-8 in
unconditioned space.

Space Conditioning

Cooling set point 78F.

Schedules Heating set point: 68F.
Humidity set point: 60% relative humidity.
Utility Rates Electricity: Fixed: $8/month. $0.1189 $/kWh

Natural Gas: Fixed: $8/month. $0.9155
$/therm

Table 3.1 Building simulation parameters used in BEopt. Data collected by John Carroll,

Ludwing Vaca, Nick Inouye, David McCredo and Johny Corona.
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Figure 3.1. 3D simulation model from BEopt.
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CHAPTER 4: METHODS

4.1 Context

The purpose of this research project is to test several residential wall assemblies
through building simulation modeling and to determine which wall construction is superior in
terms of energy effectiveness and cost. Exploring these factors to discover the ideal wall
assembly was critical to optimize building construction performance. The data from the
simulation model concluded which wall structure proved to be the best option for the U.S. desert
southwest and was chosen to answer the research question. In addition, it contributed data to
suggest which methods should not be used.

Through the series of parametric analyses carried out using BEopt, the team of students
selected the ideal configuration, assemblies, and systems that allowed the design of a net-zero

energy home.

4.2. Approach

In order to evaluate different residential wall assemblies different computer software
programs were researched. Having worked with other energy modeling programs like RESNET,
Equest, Revit, and Green Building Studio -- BEopt was the most instrumental for this research
study. Its user-friendly, component properties are selected from predefined list, and options are
easy to optimize. The output information clearly supports benchmarking and alternative
comparisons. The building performance is compared with a code compliant energy efficient
design. BEopt allows full control of all the systems of the building. Equest on the other hand,
generates data simulation that is complicated to understand therefore it is unable to use

properly in the later stages of the design. The screen interface is manly text; which has limited
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geometrical display that is not architectural oriented. Revit and Green Building Studio only give
you limited control of the building model, not allowing you to make customization to the other
properties of the simulation and make quick changes like Beopt does.

Properties were modified in BEopt to generate a virtual model using Energy Plus
simulations. This model provided thermal temperature with simulated environmental conditions
that a residential home in Las Vegas could be exposed to in real life. The computer model
allowed different building wall assemblies to be proposed and adjust changes to their physical
and thermal properties to simulate and evaluate the performance of each. These simulations
were a vital component in determining performance outcomes. The physical and thermal
properties of each wall assembly were carefully revised until adequate performance levels were
reached. After the data was collected, bar graphs were generated to provide and show each
wall’s performance by ranking from most favorable to least, in terms of thermal efficiency and
cost effectiveness. This improved the interpretability of the results by the students in the

decision making process.

4.3 Assembly Tested

The baseline assembly that was tested was a standard code compliant 2x4 in stud wall
16 in o.c. with fiberglass insulation, sheathing on the outside and drywall on the inside. Refer to

Figure 2.1 for the construction assembly of each component.

45



4.4 Capital Recovery Cost

Calculating the Cost of Saved/ Avoided Energy, Resources, and /or Pollution.
Typically, the cost of an energy and /or resource efficiency measure (or the cost of avoiding
some form of pollution) is mostly an initial Capital Cost or investment for the technology and /or
measure implemented and its associated design, program, or administrative costs. In this case,

CSE is the cost of the saved energy/resources and is calculated as follows:

CSE= Capital Cost * CRF/ Annual Energy or Resource Savings (or Annual Avoided Pollution)

CRF = Capital Recovery Factor, which is the ratio of a uniform annual value (Annuity) and the
worth value of the annual stream. The CRF depends on the dividend rate and the time horizon
or period considered. In cases where annual operating costs increase or decrease significantly,
this value would be added to, or subtracted from, the numerator (Kutcher et al., 2007).

Tables 5.2. through 5.8. show the capital recovery factor, the cost of saved energy
(CSE) per square foot and simple payback per square foot in years for each wall construction.
The base case of the standard home is used as a comparison to the other assemblies that were
tested to see how long before the initial investment is paid back.

Moreover, while the initial investment cost for each wall assembly is higher, compared to
the base model, there is capital recovery factor since day one and a cost of energy savings for

all the assembly walls.
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CHAPTER 5: RESULTS

5.1 Simulation Outputs for Site Energy Use

Site Energy Use
4500
4000
3500
3000
g 2500
2000
1500
1000
500
. R-28.3 R-28.5
R-17.1 R-20.6 R-22.8 ity i
sl aB2uinoc. |1CF2iners,4* | KF2ineps, | DOUBIeWood | Double Woed | 8-292 gtong
Base Case povsesall bednaeb sl Bevtuseng IS -1 Stud2x4 | SIP7.4inEPS | SIP9.4inEPS
2x4 16 in o.c. Peuiiion EpS in EPS Centered, 24 | Staggered, 24 Core Core
ino.c. ino.c.
= Vent Fan (E) 41.03 41.03 41.03 41.03 41.03 41.03 41.03 41.03
W HVAC Fan/Pump (E) 542.03 442.43 442,56 42131 413.56 413.56 442,56 402.25
w Cooling (E) 820,29 656.51 61841 650.75 586.17 586.17 592.03 551.51
= Heating (G) 2642.88 2206.31 2048.09 1980.07 1877.07 1872.29 1884.01 1784.39
= Total 4046.23 3346.28 3150.09 3093.16 2917.83 2917.83 2959.63 2779.18

Figure 5.1 Site Energy Use
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Figure 5.1, show the site electricity consumption in kWh/yr. All seven wall assemblies
studied show a significant improvement from the base case scenario. Even the R-17.1 2x6, 24"
o.c. advanced practice wall shows a 700 kWh/yr energy savings or an 17.3% reduction in
energy consumption. However, the wall assembly that performs the best is the R-36 SIP 9.4 in
EPS Core wall assembly with a reduction of 1,267 kWh/yr or 31.3% less energy use than the
base case model. Not too far from these figures are the R28.3 Double Wood Stud 2x4
Centered, 24 in. o.c., R-28.5 Double Wood Stud 2x4 Staggered, 24 in. o.c., and the R-29.2 SIP
7.4 in EPS Core. These three wall assemblies show an energy reduction of 1,128 kWh/yr,
1,133 kWh/yr, and 1,087 kWh/yr or 27.9%, 28.0% and 26.9% respectively, compared to the 2x4

16 in. o.c. standard wall construction for new residential homes in the U.S. Desert Southwest.

Additionally, except for a minimal difference in the R-29.2 SIP 7.4 in EPS Core, the R-
value increase in the different wall constructions caused a reduction in energy use. It is also
important to note that in all cases, including the base model, between 63% to 65% of the total
energy use in space conditioning goes into heating during the winter season. Cooling is less
than the heating requirement, which points out that the issue is not the heat coming in but the

flow of heat going out that is much problematic.
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5.2 Wall Assembly CO2e Emissions

Wall Assembly CO2e Emissions

16

14

12

0.8

(Metric tons/yr)

0.6

0.4

MTEIELELE L 11l
9 R-28.3 R-28.5
Wzl e " oty Double Wood | Double Wood R-29.2 R-36
R-13 st ll eatureg n'aczn:z: ,|  Sdaa Stud2xé | SIP7.4inEPS | SIP9.4inEPS
Base Case Practice EPS’ in EPS . Centered, 24 | Staggered, 24 Core Core
2%4 16 in o.c. ino.c. ino.c.
= Vent Fan (E) 031 031 031 031 031 031 031 0.29
# HVAC Fan/Pump (E) 0.05 0.04 0.03 0.03 0.03 0.03 0.02 0.02
# Cooling (E) 0.55 0.49 0.46 0.45 0.44 0.44 0.44 0.41
 Heating (G) 0.52 0.47 0.44 0.42 0.4 04 0.4 038
u Total 1.43 1.31 124 121 118 118 117 11

Figure 5.2 Wall Assembly CO2e Emissions
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The results in Figure 5.2, show the annual equivalent carbon emissions in Metric
tons/yr. The R-36 SIP 9.4 in EPS Core wall assembly produced more than one quarter less
CO; into the atmosphere or 0.33 Metric tons/yr. than the base case model. Similar to the
energy analysis simulation, the R28.3 Double Wood Stud 2x4 Centered, 24 in. o.c., R-28.5
Double Wood Stud 2x4 Staggered, 24 in. o.c., and the R-29.2 SIP 7.4 in EPS Core wall
assemblies performed almost evenly in reducing carbon emissions to the atmosphere. A
reduction of between 17.5% to 18.2% of CO, emissions was found among the latter wall
construction types compared to the typical wall assembly. It is also important to note that higher
reductions were encountered in the use of heating for the winter season as compared to the use
of the cooling system almost evenly across all wall types except for the R-17.1 2x6, 24" o.c.
advanced practice and R-22.8 ICF 2 in. EPS, 12" Concrete, 2"in. EPS wall types. Last, only an
8.4% reduction in carbon emissions was found using the R-17.1 2x6, 24" o.c. advanced practice

wall assembly, making it this wall assembly the least beneficial in improving the atmosphere.
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5.3 Cost of Assembly Walls

Wall Assembly Construction Costs

$80,000
$70,000
$60,000
$50,000
540,000
$30,000
$20,000
$10,000
30 R-28.3 R-28.5
R-13 ” GRZ'ﬂ:O o e ZR;:OE-ES ol CFR;:'SPS Double Wood | Double Waod R-29.2 R-36
Base Case 2x4 . - N ' Stud 2x4 Stud 2x4 SIP7.4inEPS | SIP9.4in EPS
16ino.c Advanced Concrete, 2in 12" Concrete, 2 Centered, 24 | Staggered, 24 Core Core
< Practice EPS in EPS Hered, ggered,
ino.c. ino.c.
 Construction Cost $59,318 $59,594 $65,288 $71,849 $67,209 $67,209 $62,826 $64,592

Figure 5.3 Wall Assembly Construction Cost
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The results in Figure 5.3 show the upfront material and labor cost of the wall assemblies,
regardless of whether the technology is actually being paid for immediately or with cash. This
cost is not directly used in cash flow calculations for the various y-axis metric; the value here is
only for informational display purposes. No financing, rebates, or incentives are applied to these

values.

The analysis of first costs for the different wall assemblies show that there is an increase
of between 0.5% to 21.1% compared that to the base model. The R-17.1 2x6, 24" o.c.
advanced practice wall assembly shows almost a negligible increase in price of $276 from the
$59,318 total cost, or a 0.5% increase. In the other side of the analysis we find that the R-22.8
ICF 2 in. EPS, 12" Concrete, 2"in. EPS wall type shows the highest price difference with an
additional $12,531 to the total construction cost. The R-36 SIP 9.4 in EPS Core wall assembly,
which had performed well in energy and carbon emission reductions, showed an increase of
8.9% or an addition of $5,274 to that of the typical wall construction in the U.S. Desert
Southwest, making it the third most economical wall type option. The other SIP wall, the R-29.2
SIP 7.4 in EPS Core, is the second lowest alternative with an additional $3,508 or an increase
of 5.9% to that of the base simulation model. At an increase of $5,970 or just over 10%, is the
R-20.6 ICF 2 in. EOS, 4" Concrete, 2 in. EPS wall assembly. Finally, at the same price increase

of $7,891 or 13.3% are the Double Wood Stud wall assemblies.
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5.4 Annual Utility Cost

Annualized Utility Bills for Wall Assembly

$450.00
3400.00 \
$350.00
$300.00
$250.00
B
2>
P
$200.00
$150.00
--_-._'-—-_
$100.00
—————
$50.00
»0.00 R-28.3 R-28.5
R-13 R17.1 R206 R228 Double Wood | Double Wood R-29.2 R-36
2x6 24 ino.c. | ICF2inEPS, 4 ICF 2 in EPS, i R
Base Case . " Stud 2x4 Stud 2x4 SIP7.4in EPS | SIP9.4in EPS
2x4 16in o.c Advanced Concrete, 2in | 12" Concrete, Centered, 24 | Staggered, 24 Core Core
“ | Practice EPS 2in EPS ered, ggered,
ino.c. ino.c.
Fixed Charge (E) $95.99 $95.99 $95.99 $95.99 $95.99 $95.99 $95.99 $95.99
=== Fixed Charge (G) $95.99 $95.99 $95.99 $95.99 $95.99 $95.99 $95.99 $95.99
Energy Charge (E) $142.77 $131.48 $126.85 $125.01 $123.13 $123.08 $123.57 $121.28
=== Energy Charge (G) $64.91 $54.05 $50.07 $48.39 $45.77 $45.68 $46.02 $43.60
Total $399.70 $377.50 $368.90 $365.40 $360.90 $360.70 $361.60 $356.90

Figure 5.4 Annual Utility Bills
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The results in Figure 5.4, show the energy consumption of the different wall assemblies
types studied as an annual energy cost. The base case model, the 2x4 16 in. o.c., showed the
highest annual energy cost at just under $400 a year. The R-36 SIP 9.4 in EPS Core wall
assembly showed the most savings compared to this figure with a saving of $42.80 annually or
a 10.7% reduction. The R-17.1 2x6, 24" o.c. advanced practice wall assembly showed the least
amount of savings at $22.20 or 5.6% less per year. Once again the three wall types, the R28.3
Double Wood Stud 2x4 Centered, 24 in. o.c., R-28.5 Double Wood Stud 2x4 Staggered, 24
in.o.c., and the R-29.2 SIP 7.4 in EPS Core wall assemblies performed almost similarly with
savings of just under 10% or between $38 and $39 annually. It is also important to note that as
an average between all simulations, the total heating annual charges were about 39.5% of the

total energy use in space conditioning, while the cooling costs were 60.5%.
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5.5 Simple Payback Costs

Wall
Assembly

Energy Use
(kBTU/sflyr)

sq.ft.)

System Cost (per

Utility Cost ($/sflyr)

Heating

Cooling

Absolute

Over
Base

Heating

Cooling

CSE
($/sflyr)

Simple
Payback
(yrs)

Base base
2x4 16 in
o.C.

4.94

2.44

$33.00

$0.00

$0.03606

$0.07931

$0.00

0.5

R-17.1
2X6 24 in
0O.C.

4.1

2.27

$33.10

$2.71

$0.03002

$0.07304

$0.00

0.4

R-20.6 ICF
2 in EPS,
4"
Concrete, 2
in EPS

3.77

2.16

$36.27

$7.53

$0.02781

$0.07047

$0.00

0.4

R-22.8 ICF
2 in EPS,
12"
Concrete, 2
in EPS

3.66

2.16

$40.00

$11.58

$0.02688

$0.06945

$0.00

0.3

R-28.3
Double
Wood
Stud 2x4
Centered,
24 in o.c.

3.5

2.11

$37.33

$7.43

$0.02542

$0.06840

$0.00

0.3

R-28.5
Double
Wood
Stud 2x4
Staggered,
24 in o.c.

3.44

2.11

$37.33

$7.43

$0.02537

$0.06837

$0.00

0.3

R-29.2 SIP
7.4 in EPS
Core

3.5

2.11

$34.90

$6.01

$0.02556

$0.06865

$0.00

0.3

R-36 SIP
9.4 in EPS
Core

3.33

2.05

$35.90

$7.10

$0.02422

$0.06737

$0.00

0.3

Table 5.1 Simple Payback Costs
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Table 5.1 shows the simple payback results for all wall assemblies studied, including the
base case model. These are divided in the energy use in kBTU/sf/yr, system cost per square
feet, utility cost in dollars per square feet yearly, the CSE (cost of saved energy) in dollar per
kWh, and finally the simple payback in total amount of years. The simulations performed in
BEopt helped us gather the data for energy use and system cost for heating and cooling, while
the utility cost, again for both cooling and heating, was obtained by adding the total annualized
utility bills and divided by the square footage of the house to get the cost. The CSE and simple
payback were calculated using the capital recovery cost formula explained in section 4.4. The
base case model with the typical U.S. Desert Southwest wall assembly is used to compare the
amount of years it would require to pay back the initial investment.

The results show a minimal simple payback on all wall systems ranging from 0.3 to 0.5
years, making all these walls become a feasible option for any homebuyer. After a six month
period the extra investment for the R-17.1 2x6, 24" o.c. advanced practice wall assembly would
be returned to the buyer. While for the R-20.6 ICF 2 in. EPS, 4" Concrete, 2 in. EPS and the R-
22.8 ICF 2in. EPS, 12" Concrete, 2 in. EPS wall types that period is only 0.4 years. Finally, the
R-28.3 Double Wood Stud 2x4 Centered, 24 in. o.c., R-28.5 Double Wood Stud 2x4 Staggered,
24 in. o.c., and the R-29.2 SIP 7.4 in EPS Core, and the R-36 SIP 9.4 in EPS Core wall
assemblies would take only 0.3 years to pay back the initial investment.

Therefore, besides the other benefits found in this study, like energy and CO2 emissions
reductions, the simple payback of using any of these wall assemblies being less than a year is
an important reason why home builders, designers, and buyers should consider the use of

different wall types in residential construction for the U.S. Desert Southwest.
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Capital Recovery Factor (CRF):

where: units:
Capital Cost (investment) = $33.10| dollars
i (dividend rate as fraction) = 0.03%| %
n (period) = 30 years
CRF = 0.033
Present Worth = $33.10 dollars
Compound Factor = 1.009
Future Worth = $33.40 dollars
Interest Paid = $0.30 dollars
Simple Payback
units:
System Savings 0| W
System weekly operation 0| h / week
System annual operation 0| h /year
Annual Energy Savings 699| kWh

Cost of Saved Energy $0.00( S / kWh

Energy Saved Over Period 20970| kWh
Cost of Saved Unit $0.10|5 / unit
Simple Payback years

Figure 5.5. Capital Recovery Factor and Simple Payback for R-17.1 - 2x6 Wall

57



Capital Recovery Factor (CRF):

where: units:
Capital Cost (investment) = $36.27| dollars
i (dividend rate as fraction) = 0.03%| %
n (period) = 30 years
CRF = 0.033
Present Worth = $36.27 dollars
Compound Factor = 1.009
Future Worth = $36.60 dollars
Interest Paid = $0.33 dollars
Simple Payback
units:
System Savings 0| W
System weekly operation 0| h / week
System annual operation 0| h /year
Annual Energy Savings 896| kWh

Cost of Saved Energy $0.00( S / kWh

Energy Saved Over Period 26880| kWh
Cost of Saved Unit $0.10|5 / unit
Simple Payback years

Figure 5.6. Capital Recovery Factor and Simple Payback for R-20.6 ICF

58



Capital Recovery Factor (CRF):

where: units:
Capital Cost (investment) = $40.00| dollars
i (dividend rate as fraction) = 0.03%| %
n (period) = 30 years
CRF = 0.033
Present Worth = $40.00 dollars
Compound Factor = 1.009
Future Worth = $40.36 dollars
Interest Paid = $0.36 dollars
Simple Payback
units:
System Savings 0| W
System weekly operation 0| h / week
System annual operation 0| h /year
Annual Energy Savings 953| kWh

Cost of Saved Energy $0.00( S / kWh

Energy Saved Over Period 28590| kWh
Cost of Saved Unit $0.10|5 / unit
Simple Payback years

Figure 5.7. Capital Recovery Factor and Simple Payback for R-22.8 ICF
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Capital Recovery Factor (CRF):

where: units:
Capital Cost (investment) = $37.33| dollars
i (dividend rate as fraction) = 0.03%| %
n (period) = 30 years
CRF = 0.033
Present Worth = $37.33 dollars
Compound Factor = 1.009
Future Worth = $37.67 dollars
Interest Paid = $0.34 dollars
Simple Payback
units:
System Savings 0| W
System weekly operation 0| h / week
System annual operation 0| h /year
Annual Energy Savings 1128| kWh

Cost of Saved Energy $0.00( S / kWh

Energy Saved Over Period 33840| kWh
Cost of Saved Unit $0.10|5 / unit
Simple Payback years

Figure 5.8. Capital Recovery Factor and Simple Payback for R-28.3 2x4 Double Wood Centered

60



Capital Recovery Factor (CRF):

where:
Capital Cost (investment) = $37.10
i (dividend rate as fraction) = 0.03%
n (period) = 30
CRF = 0.033
Present Worth = $37.10
Compound Factor = 1.009
Future Worth = $37.44
Interest Paid = $0.34

Simple Payback

System Savings 0
System weekly operation 0
System annual operation 0
Annual Energy Savings 1128

units:
dollars
%
years

dollars

dollars
dollars

units:

W

h / week
h / year
kWh

Cost of Saved Energy S /kWh
Energy Saved Over Period kWh
Cost of Saved UnitS / unit
Simple Payback years

Figure 5.9. Capital Recovery Factor and Simple Payback for R-28.5 2x4 Double Wood-

staggered
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Capital Recovery Factor (CRF):

where:
Capital Cost (investment) = $34.90
i (dividend rate as fraction) = 0.03%
n (period) = 30
CRF = 0.033
Present Worth = $34.90
Compound Factor = 1.009
Future Worth = $35.22
Interest Paid = $0.32

Simple Payback

System Savings 0
System weekly operation 0
System annual operation 0
Annual Energy Savings 1086

units:
dollars
%
years

dollars

dollars
dollars

units:

W

h / week
h / year
kWh

Cost of Saved Energy S /kWh
Energy Saved Over Period kWh
Cost of Saved UnitS / unit
Simple Payback years

Figure 5.10. Capital Recovery Factor and Simple Payback for R-29.2 SIP
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Capital Recovery Factor (CRF):

where: units:
Capital Cost (investment) = $35.90| dollars
i (dividend rate as fraction) = 0.03%| %
n (period) = 30 years
CRF = 0.033
Present Worth = $35.90 dollars
Compound Factor = 1.009
Future Worth = $36.22 dollars
Interest Paid = $0.32 dollars
Simple Payback
units:
System Savings 0| W
System weekly operation 0| h / week
System annual operation 0| h /year
Annual Energy Savings 1267| kWh

Cost of Saved Energy S /kWh
Energy Saved Over Period kWh
Cost of Saved UnitS / unit
Simple Payback years

Figure 5.11. Capital Recovery Factor and Simple Payback for R-36 SIP
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5.6 Embodied Energy

Embodied energy is an approach to measure the energy that is required to develop,
process, manufacture, and transport a product (Randolph, 2008).

Attia’s article State of the Art of Existing Early Design Simulation Tools for Net Zero
Energy Buildings: A Comparison of Ten Tools seen on Figure 5.12. analyses various energy
simulation software programs based performance for each category given, the Embodied
energy criteria was not evaluated. This may be due to the complexity to quantify the embodied
energy process that may not be available in the software programs.

The life cycle assessment evaluates all of the impacts over the whole life of a material or
element, while embodied energy only considers the front-end- aspect of the impact of the
building material, it also does not include the operation or disposal of materials (Crawford et al.,
2010).

The BEopt software does not have the options to measure the embodied energy of
building materials; it could be because of the same problem that a reliable database is not
currently available to gather accurate information for parameters to be implemented in the
software. Nonetheless, Beopt has the option to simulate the Life Cycle Cost (LCC), which refers
to the full cost of ownership over the life of a technology. The life cycle energy related to costs is
calculated identically to annualized energy related costs, except that:

1. Cash flows are converted to the present value, rather than annualized and,

2. All cash flows are absolute (not relative to the reference)

When comparing the life cycle costs of two technologies, the lower LCC indicates a more
favorable investment. However, there may be capital costs constraints that limit the selection of
technologies. Being that the tool options to measure the embodied energy of buildings are not

available in BEopt, the embodied energy was not factored in this search.
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Results of the NZEB Tools Matrix

NZEB Criteria

HEED
eQUEST
Energy 10

Vasari

Solar Shoebox
Openstudio
IES VE-Ware
ECOTECT
DesignBuilder
BeOpt

Metrics

Energy
Environmental (CO,)
Economic

Embodied Energy
Urban Scale NZEBs
Comfort & Climate o| s @ . | oo e
Climate Analysis slefo|e L EIK
Static o e 0| o]l o| 0| e
Adaptive

Comfort Visualisation
Passive Solar ol s @
Geometry, Massing
Daylighting s e
Natural Ventilation
WWR .
Thermal Mass

Shading Devices
Energy Efficiency
Envelope Insulation
Glazing Performance
Envelope Air Tightness
Artificial lighting

Plug Loads

Infiltration rate
Mechanical Ventilation
Coaling System
Heating system
Renewable ES
Photovoltaic (PV)
Building Integrated PV
Solar Therm. Collectors . . .
Innovative Solution &
Technologies

Mixed Mode Ventilation .
Advanced Fenestration . .
Green Roofs
Cool Roofs .
Double Skin Facade .
Solar Tubes

Phase change materials

Figure 5.12. NZEB Tool Matrix. Data Collected by Shady Attia
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Energy Related Costs, Life Cycle Cost

$50,000
$40,000
$30,000 —— S—
$20,000
$10,000
» ' R-283 R-285
Aas 2:&??61:: ¢ | IcF ZRi_nz [:a:s e ICFRZ-%:.ESPS DoubleWaad | Deuble Wood g i
Base Case 2x4 el | SRS RPN Stud 2x4 Stud2x4 | SIP7.4inEPS | SIP9.4inEPS
16in o.c. Al Renceie, 28 | 30 Conereta, 2 Centered, 24 | Staggered, 24 Core Core
Practice EPS in EPS Ao ol
Ino.c. no.c.
B Life Cycle Cost (S)| 545,050 $44,702 546,323 $48,333 $46,775 $46,772 $45,399 545,866

Figure 5.13. Energy Related Costs, Life Cycle Cost

The results from figure 5.13 showed that the R-22.8 ICF 2 in EPS, 12" Concrete, 2 in.

compared to the life cycle cost of the R-13 Base Case 2x4 16 in o.c. wall.

EPS wall assembly had the highest life cycle costs, with an additional $3,283 being spent on the
lifetime of the assembly, compared to that of the base case model. Moreover, the R-17.1 2x6
24 in o.c. advanced practice wall assembly showed the lowest life cycle costs out of all the wall

assemblies. This wall type was even less than the typical wall type with a reduction of $348

Both SIP wall panels, the R-29.2 SIP 7.4 in EPS Core and the R-36 SIP 9.4 in EPS

66

Core, showed the second lowest life cycle costs, with an additional $349 and $817 respectively




compared that to the base simulation wall type. The rest of the wall assemblies, the R-20.6 ICF
2 in EPS, 4" Concrete, 2 in EPS, the R-28.3 Double Wood Stud 2x4 Centered, 24 in o.c., and
the R-28.5 Double Wood Stud 2x4 Staggered, 24 in o.c. showed an increase of LCC of between

$1,274 to $1,725 compared to the typical wall assembly used in the region.
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CHAPTER 6: CONCLUSION

4500

Wall Types Results

3500 |
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KWhlyr
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R-13 MRZ':?:Q e Lae ;I:[;:S 4 |chz:2i::ps Double Wood | Double Wood R-29.2 R-36
Base Case i 4 o : Stud 2x4 Stud 2x4 SIP7.4inEPS | SIP9.4inEPS |
2@ 16inoc | Advanced | Concrete,Zin | 12" Concrete, | o oo 24 | Staggered, 24 Core core |
- Practice EPS 2in EPS ; .
| ino.c. ino.c. |
o Total Site Energy Use | 4046.23 3346.28 3150.09 3093.16 2917.83 291783 2959.63 | 2779.18
 Initial Cost (8) 0 $276 $5.970 $12532  §7.891 $7,891 $3.508 §5274

w Simple Payback (yrs)

Figure 6.1 Wall Types Results

1 — Most Desirable

R-29.2 SIP 7.4 in. EPS CORE
R-36 SIP 9.4 in. EPS CORE

2 —

R-20.6 ICF 2 in. EPS, 4” Concrete, 2 in. EPS

R-28.3 Double Wood Stud 2X4 Centered 24 in.
0.C.
R-28.5 Double Wood Stud 2x4 Staggered, 24 in.
0.C.

3 -

R-22.8 ICF 2 in. EPS, 12" Concrete, 2 in. EPS

4 — Most Desirable

R-17.1 2x6, 24" o.c.

Table 6.1 Final Rankings

68



The buildings in which we live, work, and play protect us from the climatic elements of
our surroundings, yet they also affect the environment in countless ways. It is evident from
the literature review that climate, shape, size, orientation, construction techniques, materials,
occupancy behavior and renewable energy systems are all part of a range of considerations the
designer must make at the early stage of a design to ease the negative impact to the
environment.

This paper’s aim was to simulate and model the wall assembly that is typically used in
the desert southwest region, as well as seven additional walls options and provide evidence to
support for early decisions making in the design process. Results are presented by comparing
each wall assemblies next to each other representing how well they performed with one another
in terms of cost and energy efficiency.

As discuss earlier, all of the seven wall assemblies studied show a significant
improvement in site energy use, CO, emission reductions, and lowered energy annual
costs compared to the base case scenario. In contrast, all wall assemblies, except for the R-
17.1 2x6, 24" o.c. advanced practice wall assembly, show an increase of initial construction
costs of up to 21.1% or up to an additional $12,532. However, all initial extra investment on
any of the wall assemblies studied would be paid back within six months or less, as shown in
the simple payback calculations in Section 5.5.

We can therefore rank the seven wall types studied based on the results from figure 6.1
into four categories as shown in table 6.1. The least desirable wall assembly would be the R-
17.1 2x6, 24" o.c. advanced practice wall type, as this one had the least amount of energy
savings, CO, emissions reductions, and energy annual costs cutbacks out of all the types
studied. It also had the longest amount of simple payback and the smallest amount of
additional initial construction cost of $276.

On the third tier would be the R-22.8 ICF 2 in. EPS, 12" Concrete, 2 in. EPS wall type.

The reason being that even though it provided moderate savings of energy of 953 kWh
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annually, and therefore CO, emissions and energy cost reductions, its initial cost of over
$12,000 or 21% compared to the base case wall, made this wall type less favorable to a
homebuyer or builder.

On the second group of preferred wall types we have the R-20.6 ICF 2 in. EPS, 4"
Concrete, 2 in. EPS, the R-28.3 Double Wood Stud 2x4 Centered, 24 in. o.c., and the R-28.5
Double Wood Stud 2x4 Staggered, 24 in. o.c. wall assemblies because they had a medium
range of energy savings to the home owner, as well as the moderate initial construction costs.

Last, the two wall systems that this study found that provided the most benefits in terms
of annual energy savings, carbon emissions, energy cost reductions, initial costs, and shortest
amount of pay back were the R-29.2 SIP 7.4 in EPS Core, and the R-36 SIP 9.4 in EPS
Core wall assemblies. These two wall types would be the most desirable options for single-
family residential wall construction for the desert southwest.

The findings of this study show that choosing the proper wall assembly to construct a
residential building has the potential to reduce energy consumption and lower CO, emissions in
the desert southwest region. Although, this research focuses specifically on walls, it is important
to note that often times greater savings are achieved when optimization of various building
component systems take place. When you do numerous improvements to the building at the
beginning of the design stage, the size of your mechanical equipment tends to be smaller and

less expensive for heating and cooling (Hester et al., 2011).
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5/2/2016 Chapter 6 - Wall Construction

= SECTION R601 GENERAL
= SECTION R602 WOOD WALL FRAMING

R602.2 Grade.

R602.3 Design and construction.
R602.4 Interior load-bearing walls.
R602.5 Interi % 1

R602.9 Cripple walls.

R602.12 Simplified wall braci
Top Previous Section Next Section  To view the next subsection please select the Next Section option.
SECTION R602 WOOD WALL FRAMING

R602.1 Identification.

Load-bearing dimension lumber for studs, plates and headers shall be identified by a grade mark of a lumber grading or inspection agency that has been approved by an
accreditation body that complies with DOC PS 20. In lieu of a grade mark, a certification of inspection issued by a lumber grading or inspection agency meeting the
requirements of this section shall be accepted.

R602.1.1 End-jointed lumber.

Approved end-jointed lumber identified by a grade mark conforming to Section R602.1 may be used interchangeably with solid-sawn members of the same species
and grade. End-jointed lumber used in an assembly required elsewhere in this code to have a fire-resistance rating shall have the designation "Heat Resistant
Adhesive™ or "HRA"™ included in its grade mark.

R602.1.2 Structural glued laminated timbers.
Glued laminated timbers shall be manufactured and identified as required in ANSI/ATTC A190.1 and ASTM D 3737.

R602.1.3 Structural log members.

Stress grading of structural log members of nonrectangular shape, as typically used in log buildings, shall be in accordance with ASTM D 3957. Such structural log
members shall be identified by the grade mark of an approved lumber grading or inspection agency. In lieu of a grade mark on the material, a certificate of
inspection as to species and grade, issued by a lumber-grading or inspection agency meeting the requirements of this section, shall be permitted to be accepted.

R602.1.4 Structural composite lumber.
Structural capacities for structural composite lumber shall be established and monitored in accordance with ASTM D 5456.

R602.2 Grade.
Studs shall be a minimum No. 3, standard or stud grade lumber.

Exception: Bearing studs not supporting floors and nonbearing studs may be utility grade lumber, provided the studs are spaced in accordance with Table R602.3(5).
R602.3 Design and construction.

Exterior walls of wood-frame construction shall be designed and constructed in accordance with the provisions of this chapter and Figures R602.3(1) and R602.3(2) or in
accordance with AF&PA’s NDS. Components of exterior walls shall be fastened in accordance with Tables R602.3(1) through R602.3(4). Wall sheathing shall be fastened

directly to framing members and, when placed on the exterior side of an exterior wall, shall be capable of resisting the wind pressures listed in Table R301.2(2) adjusted
for height and exposure using Table R301.2(3). Wood structural panel sheathing used for exterior walls shall conform to DOC PS 1, DOC PS 2 or, when manufactured in

http://publicecodes.cyberregs.com/icod/irc/2012/icod_irc_2012_6_sec002.htm 1/38
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Canada, CSA 0437 or CSA 0325, All panels shall be identified for grade, bond classification, and Performance Category by a grade mark or certificate of inspection
issued by an approved agency and shall conform to the requirements of Table R602.3(3). Wall sheathing used only for exterior wall covering purposes shall comply with
Section R703.

Studs shall be continuous from support at the

ceiling or roof diaph

Exception: Jack studs, trimmer studs and cripple studs at openings in walls that comply with Tables R502.5(1) and R502.5(2).

Chapter 6 - Wall Construction

sole plate to a support at the top plate to resist loads perpendicular to the wall. The support shall be a foundation or floor,
d in ! ith phed i i i

«or shall be desig

W

Tgins

NEP

TABLE R602.3(1) FASTENER SCHEDULE FOR STRUCTURAL MEMBERS

NUMBER AND
TTEM Dmmr‘snhmmmc TYPE OF SPACING OF FASTENERS
FASTENER* b, ¢
Roof
Blocking between joists or rafters to top 1; 0
1 | tate, to0 nail 3-8d (21" x 0.1137) —
2 |Ceiling joists to plate, toe nail 3-8 (21, x 0.113") —
5 [Ceiling joists not attached to parallel 3104 —
rafter, laps over partitions, face nail
. - lrw
4 Coli&r_uewmﬂw.fmenmlwlf., %20 3-10d (3° x 0.128") _
gage ridge strap
" 3-16d box nails (3'/2" |5 106 ngil on one side and 1
5 |Rafter or roof truss to plate, toe nail 0-135')W3-!]2d toe nail on opposite side of
Common nax i
(3" x0,14g  |Foch refier or truss
¢ |Roof rafters to ridge, valley or hip rafters: 416d (311" % 0.1357) _
toe nail face nail 3-16d (31/," % 0.135")
Wall
7 [Built-up studs-face nail 10d (3" x 0.128") 24" o.c.
Abutting studs at ing wall R .
8 iﬂn:xfmm:lmmhns 16d (317" » 0.1357) 12° o.c.
" . T
g  [Built-up header, two pieces with '/y 164 (3'," % 0.135") | 16" o.c. slong cach cdge
SpaceT
10  |Contirued header, two pieces 16d (31127 x 0,1357) 16" o.c. along each edge
11 |Contirmous header to stud, tos nail 4-8d (21" x 0.1137) —
12 |Double studs, face nail 10d (3" % 0.1287) 24" oc.
13  [Double top plates, face nail 10d (3" = 0.128%) 24" 0.c.
Double top plates, minimum 24-inch
14 |offset of end joims, face nailin lapped | 8-16d (31" x 0.135%) -
arca
15 |Sole plate to joist or blocking, facenail | 16d (314" x 0,1357) 16" o.c.
Sole plate to joist or blocking at braced R .
16 wﬂi’;’mh joist or blocking = 3-16d (3'/5" x 0.135") 16" 0.c.
3-84 (24" x 0.113") or
17 |(Stud to sole plate, toe nail 1 —_—
2-16d (31" * 0.135")
18 [Top or sole plate to stud, end nail 2-16d (3/" * 0.1357) —
Top plates, laps at comers and "
19 | ons, face el 2-10d (3" x 0.1287) -
| 2-8d (244" x 0.1137)
20 |1" brace to each stud and plate, face nail 3 ——
2 staples 1 9/," x
51 |17 %6 eheathing to cach bearing, face 284 (2'5" % 0.1137) L
nail 2 staples 1 3/,"
. . 1
2 |17 % 8" sheathing to each bearing, face 1—3‘1[11'2'“03'113'} .
ail 3staples 1%/ 4
g3 |Widerthan 1 x 8" sheathing to each 3-8d (215" % 0.1137) L
bearing, face nail 4 staples 13,:4:
Floor
24 [foistto sill ar girder, toe nail 384 (21" % 0.1137) —
Rim joist to top plate, toe nail (roof 17w v
25 |ooplications also) 8d (214" x 0.113% 6" o.c.
1 » »
26 |Rim joist or blocking to sill plate, toe mail | 54 (22" % 0-113%) 6" oc.

hitp:/fpublicecodes cyberrags.com/ficodire/2012ficod_irc 2012 6 _sec002.htm
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27 |17 x 6" subfloor or less to each joist, face 284 (214" x 0.1137
nail

2 staples 13/,"
2" subfloor to joist or girder, blind and 1 w

B |oce nail 2-16d (3'/2" % 0.135") —

29  [27 planks (plank & beam - floor & roof) | 2-16d (31/," % 0.1357) at each bearing
[Nail each layer as follows: 32"

. . - 0.c. at top and bottom and
30 [Puileup girders and beams, 2-inch 104.(3" % 0.128"  |stagaered.
4 Two nails at ends and at each

splice.

31 [Ledger strip supporting joists or rafters | 3-16d (31/2" x 0.135%) At each joist or rafter

{continued)

TABLE R602.3(1)—continued FASTENER SCHEDULE FOR STRUCTURAL MEMBERS

DESCRIPTION OF BUILDING SPACING OF FASTENERS
ITEM MATERIALS DESCRIPTION OF FASTENERM: & ¢ Edges Intermediate supports®®
(inches)! (inches)
‘Wood structural panels, subfloor, roof and interior wall sheathing to framing and particlehoard wall sheathing to framing
6d common (2" % 0.113") nail (subfloor
1 3 /" - 1 " wall)l 6 128
8d common (21/,” X 0.131") nail (roof)f
33 197, 1n 8d common nail (217," x 0.131%) 6 128
” 111y 10d common (3" % 0.148") nail or p 12
8-t 8d (21/," x 0,131") deformed nail
Other wall ingh
35 17," structural cellulosic 11/," galvanized roofing nail, 7/, 5" crown ar 3 6
fiberboard sheathing 1" crown staple 16 ga., 11/4“ long
16 25),5" structural cellulosic 13/4" galvanized raofing nail, 7/, 5" crown or 3 6
fiberboard sheathing 1" crown staple 16 ga., 11/2“ long
11/2“ galvanized roofing nail; staple
37 17," gypsum sheathingd galvanized, 7 7
1/, long; 11/ screws, Type W ar $
13/," galvanized roofing nail; staple
38 5/g" gypsum shesthingd galvanized, 7 7
15/g" long; 13/5" screws, Type W or S
A ‘Wood structural panels, combination subfloor underlayment to framing
10 3,0 and I 6d deformed (2" X 0.120") nail or p 1
4" andless 8d common (2!/," x 0.131") nail
7 8d common (21/," X 0.131") nail or
40 - 1" 1 . 6 12
8d deformed (27/5" x 0.120") nail
Lrw 11, m 10d common (3" % 0.148") nail or
4 Ulg"= 1y 8d deformed (215" x 0.120") nail 6 12

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 mile per hour = 0.447 m/s; 1 Ksi = 6.895 MPa.

a. All nails are smooth box or def d shanks except where otherwise stated. Nails used for framing and sheathing cormections shall have minimum average
bending yield strengths as shown: 80 ksi for shank diameter of 0.192 inch (20d common nail), 90 ksi for shank diameters larger than 0.142 inch but not larger than 0.177
inch, and 100 ksi for shank diameters of 0.142 inch or less.

b. Staples are 16 gage wire and have a minimum 7116-i.nch on diameter crown width.

c. Nails shall be spaced at not more than 6 inches on center at all supports where spans are 48 inches or greater.

d. Four-foot by 8-foot or 4-foot by 9-foot panels shall be applied vertically.

¢. Spacing of fe s not included in this table shall be based on Table R602.3(2).

1. For regions having basic wind speed of 110 mph or greater, 8d deformed (21/2" x (,120) nails shall be used for attaching plywood and wood structural panel roof’
sheathing to framing within minimum 48-inch distance from gable end walls, if mean roof height is more than 25 feet, up to 35 feet maximum.

£ For regions having basic wind speed of 100 mph or less, nails for attaching wood structural panel roof sheathing to gable end wall framing shall be spaced 6 inches on
center When basic wind speed is greater than 100 mph, nails for attaching panel roof sheathing to intermediate supports shall be spaced 6 inches on center for minimum
48-inch distance from ridges, eaves and gable end walls; and 4 inches on center to gable end wall framing.

h. Gypsum sheathing shall conform to ASTM C 1396 and shall be installed in accordance with GA 253. Fiberboard sheathing shall conform to ASTM C 208.

i. Spacing of 2 on floor sheathing panel edges applies to panel edges supported by framing members and required blocking and at all floor perimeters only.
Spacmg of fasteners on roof sheathing panel edges applies to panel edges supported by framing members and required blocking. Blocking of roof or floor sheathing
panel edges perpendicular to the framing members need not be provided except as required by other provisions of this code. Floor perimeter shall be supported by
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framing members or solid blocking.

j- Where a rafter is fastened to an adjacent parallel ceiling joist in

ceiling joist to top plate in

Chapter 6 - Wall Construction

el

d with this

with this schedul

TABLE R602.3(2) ALTERNATE ATTACHMENTS TO TABLE R602.3(1)

provide two toe nails on one side of the rafter and toe nails from the
The toe nail on the opposite side of the rafter shall not be required.

, b ©
NOMINAL MATERIAL | DESCRIPTION®? OF FASTENER SPACING® OF FASTENERS
THICKNESS (inches) AND LENGTH Edges Tntermediate supports
(inches) (i (inches)
‘Waood structural panels subfloor, roof® and wall sheathing to framing and particleboard wall sheathing to ﬁ'lmillgf
Staple 15 ga. 13/, 4 8
Upto 1y 0.097 - 0.099 Nail 21/, 3 6
Staple 16 ga. 1%/, 3 6
0.113 Nail 2 3 3
19/ and /3 Staple 15 and 16 ga. 2 4 8
0.097 - 0.099 Nail 2/, 4 8
Staple 14 ga, 2 4 S
Staple 15 ga. 1%/ 3 6
2 wmd¥, ple 15 ga. 1%/,
0.097 - 0.099 Nail 2114 4 8
Staple 16 ga. 2 4 8
Staple 14 ga. 21/, 4 8
0.113 Nail 21/, 3 6
1
Staple 15 ga. 21/, 4 8
0.097 - 0,099 Nail 21/, 4 8
NOMINAL MATERIAL | DESCRIPTION®® OF FASTENER SPACING® OF FASTENERS
THICKNESS AND LENGTH Edges Body of d
ly of panel
(inches) (inches) (inches) (inches)
Floor under ply parti df
Plywood
11/4 ring or screw shank nail-minimum 3 6
1, and %/ 121/, ga. (0.099") shank diameter
Staple 18 ga., 7/g, /1 ¢ crown width 2 5
1y, ring or screw shank nail-minimum
W3, 3y, Y3y, and 1y y 1 i . 6 8¢
12'/5 ga. (0.099”) shank diameter
11/2 ring or screw shank nail-minimum p 8
190, 5, By and 3, | 12!/ ga. 0.099") shenk diameter
Staple 16 ga. 11/, 6 8
Hardboard!
11/, long ring-grooved underlayment 6 6
nail
0.200 4d cement-coated sinker nail 6 6
Staple 18 ga., /g long (plastic coated) 3 6
Particleboard
y 4d ring-grooved underlayment nail 3 6
4 Staple 18 ga., 7/3 long, 3/‘15 crown 3 6
, 6d ring-grooved underlayment nail 6 10
/s
Staple 16 ga., 1'/g long, */g crown 3 6
1, 5 6d ring-grooved underlayment nail 6 10
8 Staple 16 ga., 13/g long, 3/g crown 3 6

For SI: 1 inch =254 mm.

a. Nail is a general description and may be T-head, modified round head or round head.
b. Staples shall have a minimum crown width of 7/, -inch on diameter except as noted.

¢. Nails or staples shall be spaced at not more than 6 inches on center at all supports where spans are 48 inches or greater. Nails or staples shall be spaced at not more

than 12 inches on center at intermediate supports for floors.

http://publicecodes.cyberregs.com/icodfirc/2012ficod irc 2012_6_sec002.htm
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d Fasteners shall be placed in a grid pattern throughout the body of the panel.
o. For 5-ply panels, intermediate nailz shall be spaced not mors than 12 inches on comter each way.
£. Hardboard underlayment shall conform to CPA/ANSL A135.4
& Specified alternate attachments for roof sheathing shall be permitted for windepeeds less than 100 mph. Fasteners attaching wood structural panel roof sheathing to
gable end wall framing shall be installed nsing the spacing listed for panel edges.

TABLE R6I1.3(3) REQUIREMENTS FOR WOOD STRUCTURAL PANEL WALL SHEATHING USED TO RESIST WIND PRESSURES™ B ©

MINIMUM | MINIMUM |[MAXTMUM| MAXIMUM WIND SPEED
MINIMUM NAIL woon | NoMmNAL | Warr, | PANEL NAIL SPACING ety
—{STRUCTURAL| PANEL STUD -
Sige  [Penietration| pANE] SPAN |THICKNESS| SPACING | Edges | Field ‘Wind exposare category
(nches) | RATING (nches) | (inches) 0.c) IFSY Y C b
6§d Common
au L5 240 g 16 § 12 110 %0 85
0.113%
8 Common 16 [3 12 130 110 105
(25" x 1.75 24116 s
013179 2% 3 12 110 %0 85

For SL: 1 inch =25.4 mam, 1 mile per hour = 0.447 m/s.

. Panel strength axis perallel or perpendicular to supports. Three-ply plywood sheathing with studs spaced more then 16 inches on center shall be applied with penel
girength axis perpendicular to supports.

b, Table is haged on wind pressures acting toward and away from building surfaces per Section R301.2. Lateral bracing requi ghall be in dance with Section
R602.10

¢. Wood structural panels with xpan ratings of ‘Wall-16 or Wall-24 shall be permitted as an alternate to panels with a 24/0 span rating. Plywood =iding rated 16 o.c. or 24

0.¢. shall be permitted as an alternats to panels with a 24/16 span rating. Wall-16 and Plywood sidimg 16 o.c. shall be used with studs spaced a maximum of 16 inches on
ceanier.

TABLE R§02.3(4) ALLOWABLE. SPANS FOR PARTICLEBOARD WALL SHEATHING*

STUD SPACING
THICKNESS (inches)
GRADE
@inch) When siding is wailed fo studs | Vo0 siding is nafled to
35 M-1 Bxterior glue 16 —
Ly M-2 Exterior glne 15 16

For 8I: 1 inch =25.4 mm.
8. Wall sheathing not exposad to the ther. I the panels are applied horizontally, the end joints of the panel shall b offset so that four panels corers will not meet. All
pansl edges must be supparted. Laavs a 1/, o-inch gap batwsen pansls and nail no closer than 3/g inch from panel adges.

TABLE R602.3(5) SIZE, HEIGHT AND SPACING OF WOOD STUDS*

BEARING WALLS NONBEARING WALLS
Maximum spacing
hen Mazimum spacing | Maxhnum spacing | pyyyypyy
STUD Laterally w m;l;ppnrrﬂllg 2 | when supporting one | when supporting two sparing when Laterally Maximom
SIZE mmsupported celling floor, plus & roof- | floors, plus » roef- orting orted i
Cnches) | gy d heightn h':;:‘::t ::ﬁ: ceiling xssembly or a | celling assembly or a| “rr ok ON¢ | (INIEP - rhud Gnched)
(Feet) bly, anly hakitable attic habitable attie | Door height height® (feet)
m{l i assembly (Inches) | sssembly (inches) (feet)
2x3b — — — — — 10 16
2x4 10 24° 16° — 24 14 24
Ix4 10 24 24 16 24 14 24
2x5 10 24 2 — 24 16 24
%6 10 24 2 16 24 20 24

For SI: 1 inch =254 mm, 1 foot=304.8 mm, 1 lq_uuefnot=0.093m2.

8. Listed heights ars distances between points of lateral support placed perpendicular to the plans of the wall. Increases in unsupported height zre permitted where
Justified by mnalysia.

b. Shall not be used in exterior walls.

hitpcfpublicacodes. cyberrags.comAcodiire/2012fcod ire 2012 6 sec002 him 538

75



V22016 Chapter 6 - Wall Construction
€. Ahabmhlemoaslemblympportedbyzx4imdul lmmedm a roof span of 32 feet. Where the roof spen exceeds 32 feet, the wall studs shall be increased to 2 x &
or the stnds shall be designed pled engineering prectice.

RAFTERS AND CEILING
JOISTE OR APPROVED
ROOF TRUSS

TOP PLATE—
TOP PLATE SEE DRILLING AND
NOTCHING PROVISIONS
SECOND STORY SECTION R602.6 1
w

WALL STUD—

JOIST IS PERMITTED TO SEE DRILLING AND

BE CUT OR NOTCHED NOTGHING PROVISIONS

FLOOR JOIST— BETWEEN THESE LIMITS SECTION Rét2.8

SEE DRILLING AND
NOTCHING PROVISIONS
SECTION R502:8

BOTTOM PLATE 4 SPAN i/, SPAN
~d "' o JOIST NAILED TO
{ | STUD

I
TOP PLATE H ox =~ H = ’
1T [} v

BAND JOIST OF FOR BLOCKING AND i

BLOCKING BRIDGING —SEE 'E\‘J"“r erg?LBSOh
SECTION ASU2.7 SEE SECTION R502.6

BEARING
WALL
LAP JOIST 3 IN, MIN,
OR SPLICE SEE
BAND JOIST BOTIMALAE SECTION Rs02.6.1 SEE SECHION HIt2.
OR BLOCKING FOR FIRE BLOCKING
1
SILL PLATE % ]1 JoisT
it
GRAWL SPACE OR
T
VTN BASEMENT MONOLITHIC
FOUNDATION SLAB-ON-GRADE
777 O 77~ 7T T 7 FOUNDITION
INTERMEDIATE
BEARING WALL BALLOON FRAMING

PLATFORM FRAMING

For SL: 1 inch = 25,4 mm, 1 foot=304.8 mm,

FIGURE R602.3(1) TYPICAL WALL, FLOOR AND ROOF FRAMING
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CUT PLATE
SINGLE OR DOUBLE

TIED WITH

Chapter 6 - Wall Construction

STAGGER JOINTS 24 IN. O
USE SPLICE PLATES—
SEE SECTION Ré02.3.2

16 GAGE STEEL STRAP.
TOP PLATE \ m / SEE SECTION R602.6.1.
- - I I 1Y
[d ]
)%
FIREBLOCK ARCUND *"—\____
PIPE T
|~ HEADER—
SEE TABLES R:
AND R502.5(2)
JACK STUDS OR >
TRIMMERS
WALL STUDS—
SEE SECTION R602.3
\L
SOLID BLOCH
BOTTOM
PLATE |
™ FLOOR JOIS™
/’
SUBFLOOR .:LN M N M.n, N N N N /
FOUNDATION
CRIPPLE WALL
SEE SECTION
SILL PLATE
FOUNDATION
WALL STUDE
1IN.BY 4 IN,
DIAGONAL BRACE ANCHOR BOLTS EMBEDDED IN
LET INTO STUDS FOUNDATION 6 FT. O.C. MAX.
CORNER AND PARTITION POSTS
N -

APPLY APPROVED SHEATHING OR BRACE
EXTERIOR WALLS WITH 1 IN. BY 4 IN. BRACES LET
INTO STUDS AND PLATES AND EXTENDING FROM
BOTTOM PLATE TO TOP PLATE, OR OTHER
APPROVED METAL STRAP DEVICES INSTALLED IN
ACCORDANCE WITH THE MANUFACTURER'S
SPECIFICATIONS. SEE SECTION R602.10.

For 8SI: 1 inch =254 mm, 1 foot =304.8 mm.

FIGURE R602.3(2) FRAMING DETAILS
htip:dfpublicacodes.cybamegs comAcodirc/20121ced Irc 2012 6 sec002 him
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NOTE: A THIRD STUD AND/OR PARTITION INTERSECTION
BACKING STUDS SHALL BE PERMITTED TO BE OMITTED
THROUGH THE USE OF WOOD BACKUP CLEATS, METAL
DRYWALL CLIPS OR OTHER APPROVED DEVICES THAT
WILL SERVE AS ADEQUATE BACKING FOR THE FACING
MATERIALS.
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R602.3.1 Stud size, height and spacing.
The size, height and spacing of studs shall be in accordance with Table R602.3(5).

Exceptions:

1. Utility grade studs shall not be spaced more than 16 inches (406 mm) on center, shall not support more than a roof and ceiling, and shall not exceed 8 feet (2438
mm) in height for exterior walls and load-bearing walls or 10 feet (3048 mm) for interior nonload-bearing walls,

2. Studs more than 10 feet (3048 mm) in height which are in accordance with Table R602.3.1.

TABLE R602.3.1 MAXIMUM ALLOWABLE LENGTH OF WOOD WALL STUDS EXPOSED TO WIND SPEEDS OF 100 MPH OR LESS IN
SEISMIC DESIGN CATEGORIES A, B, C, Dy, Dy and D,%¢

HETGHT (feet) ON-CENTER SPACING (inches)
24 | 16 | 12 | 8
Supporting a roof only
> 10 2x%x4 2%x4 2%4 2x%x4
12 2x6 2x4 2x4 2x4
14 2x6 2x6 2x6 2x4
16 2x6 2%6 2%x6 2x4
18 NA? 2x6 2x6 2x6
20 NA? NA? 2x6 2x6
24 NA® NA® NA? 2x6
Supporting one floor and a roof
>10 2x6 2x4 2x4 2x4
12 2%6 2%6 2%6 2x4
14 2x6 2x6 2x6 2x6
16 NA? 2%x6 2%6 2x6
18 NA® 2%X6 2%x6 2%x6
20 NA® NA® 2%6 2%x6
24 NA? NA® NA®? 2%6
Supporting two floors and a roof
> 10 2%X6 2X6 2x4 2x4
12 2x6 2x6 2x6 2x6
14 2x6 2x6 2x6 2x6
16 NA®? NA® 2%x6 2%x6
18 NA®? NA® 2%6 2%x6
20 NA? NA? NA? 2x6
22 NA® NA* NA? NA®
24 NA? NA? NA? NA?

For SL: 1 inch =25.4 mm, 1 foot =304.8 mm, 1 pound per square foot = 0.0479 kPa

1 pound per square inch = 6.895 kPa, 1 mile per hour = 0.447 m/s.

a. Design required.

b. Applicability of this table assumes the following: Snow load not exceeding 25 psf, £, not less than 1310 psi determined by multiplying the AF&PA NDS tabular
base design value by the repetitive use factor, and by the size factor for all species except southern pine, E not less than 1.6 x 106 psi, tributary dimensions for
floors and roofs not exceeding 6 feet, maximum span for floors and roof not exceeding 12 feet, eaves not over 2 feet in dimension and exterior sheathing. Where
the conditions are not within these p design is required

¢. Utility, standard, stud and No. 3 grade lumber of any species are not permitted.

(continued)}

TABLE R602.3.1—continued MAXIMUM ALLOWABLE LENGTH OF WOOD WALL STUDS EXPOSED TO WIND SPEEDS OF 100 MPH OR LESS
IN SEISMIC DESIGN CATEGORIES A, B, C, Dy, D; and D;

http://publicecodes.cyberregs.com/icodfirc/2012ficod irc 2012_6_sec002.htm 8/38
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braced wall fine, 2 inch by 4 inch (51 mm by 102 mm) flat studs spaced at 16 inchea (406 mm) on center. Tiderior nonbearing wella shall be capped with at least a single
top plate. Interior nonbearing walls shall be fireblocked in accordance with Section RS0Z.8,

R602.6 Drilling and notching of studs.
Drilling snd notching of studs hall be in sccordance with the following:

1. Notching. Any stud in an exterior wall or beering partition may be cut or notched to s depth not exceeding 25 percent of fis width, Studs in nonbearing partitions
mery be notehed to @ depth not to exceed 40 percent of a single stud widin

2, Dellling. Any stud tnery be bored or drilled, provided that the dixmeter of the resulting hole is no more than 60 percent of the stud width, the edge of the hols iz no
mmelhlnslsinuh(Mmm)tothcedge of the: stud, and the hole is not located in the same section a8 8 cut or notch. Studs located in exterior walls or bearimg
partitions drilled over 40 percent and up to 60 percent shall alsp be doubled with ne more then two successive doubled stnds bored. See Figures R602.6{1) and
R602.5(2).

Exception: Use of approved stud shoed is penmitted when they are imstalled in accordanes with the memifacturer’s recommendations.

TOP PLATES

|- sTUD

BORED HOLE MAX.
DIAMETER 40 PERCENT
OF STUD DEPTH ;

5/g IN. MIN. TO EDGE
5/ IN. MIN. TO EDGE

’t[tk
NOTCH MUST NOT EXCEED 25 l
PERCENT OF STUD DEPTH

BORED HOLES SHALL NOT BE
LOCATED IN THE SAME CROSS
SECTION OF CUT OR NOTCH IN

IF HOLE IS BETWEEN 40 PERCENT AND

60 PERCENT OF STUD DEPTH, THEN STUD
MUST BE DOUBLE AND NO MORE THAN TWO
SUCCESSIVE STUDS ARE DOUBLED AND SO
BORED

For SL 1 inch = 25.4 mm.
Note: Condition for exterior and bearing walls.

FIGURE R602.6(1) NOTCHING AND BORED HOLE LIMITATIONS FOR EXTERIOR WALLS AND BEARING WALLS

htip:dfpublicacodes.cybamegs comAcodirc/20121ced Irc 2012 6 sec002 him 10038
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TOP PLATES

aTUD

BORED HOLE MAX.
DIAMETER 60 PERCENT \.
QF STUD DEFTH

5/ IN. MIN, TO EDGE
/g IN. MIN. TO EDGE

NOTGH MUST NOT EXGEED 1
40 PERCENT OF STUD DEPTH /

BORED HOLES SHALL NOT BE
LGGATED IN THE SAME CROSS
SECTION OF CUT OR NOTCH IN
sTUD

For 8L 1 inch = 25.4 mm,

FIGURE R602.6(2) NOTCHING AND BORED HOLE LIMITATIONS FOR INTERIOR NONBEARING WALLS

R602.6.1 Drilling and netching of top plate.

‘When piping or ductwork is placed in or partly in an exterior wall or interior load-bearing wall, necessitating cuiting, drilling or notching of the top plaie by mone
than 50 percent of its width, a galvenized metal tie not less than 0,054 inch thick (1,37 mm) (16 ga) and 11/, inches {38 mm) wide shall be fastened across end to
the plate et each side of the opening with not less than cight 10d (0148 inch digmeter) having & minimum length of 11/ inches (38 mm) at cach side or equivalent.
The metal tic nmst extend a minimum of & inches past the opening. See Figure R602.6.1.

Exeeption; When the entire side of the wall with the notch or cat is covered by wood structural panel sheathing,

EXTERIOR OR BEARING WALL

16 GAGE (0,054 IN.) AND 1.5 IN. WIDE
METAL TIE FASTENED AGROSS AND

TO THE PLATE AT EACH SIDE OF THE
NOTCH WITH 8-10d NAILS EACH SIDE

NOTCH GREATER THAN 50
PERCENT OF THE PLATE WIDTH

TOP PLATES
FIFE

For SI: 1 inch = 25.4 mm.

FIGURE R602.6.1 TOP PLATE FRAMING TO ACCOMMODATE PIFING

R602.7 Hendery.
For beader spans see Tobles R502.5(1), R502.5(2) and RE02.7.1.

R602.7.1 Single member headers.
Single headers shall be framed with a xingle flat 2-inch inal {51 mm) her or wall plate not less in width than the wall studs on the top and bottom of the

header in sccordance with Figures R602.7.1(1) and R602.7.1(2).

htip:dfpublicacodes.cybamegs comAcodirc/20121ced Irc 2012 6 sec002 him 11/38
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TOP PLATE

CRIPPLE

JACK STUD

FIGURE R¢02.7.1(1) SINGLE MEMBER HEADER IN EXTERTOR BEARING WALL

TOP PLATE

JACK STUD

FIGURE R602.7.1(2) ALTERNATIVE SINGLE MEMBER HEADER WITHOUT CRIPFLE

R602.7.2 Wood structural panel box headers.
Wood structural penel box headers shall be constructed in accordemce with Figure R602.7.2 and Table R602.7.2.

TABLE R602.7.2 MAXIMUM SPANS FOR WOOD STRUCTURAL PANEL BOX HEADERS"

HEADER H;:ADER HOUSE DEPTH (feet)
CONSTRUCTION? Wum) 24 2% 28 30 n
Wood structural panel2€"one 9 4 4 3 3 —
side 15 5 5 4 3 3
Wood strueturel paneld€"both 9 7 5 5 4 3
gides 15 g g 7 7 6

For SL 1 inch = 25.4 mm, 1 foot=304.8 mm.
&. Spans are based on singls story with clear-span trussed roof or two-story with floor and roof supported by mterier-bearing walls.
b. Sec Figmre RE602.7.2 for construction details.

htip:dfpublicacodes.cybamegs comAcodirc/20121ced Irc 2012 6 sec002 him 1¥38
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CRIPPLE® TOP PLATE®

STRENGTH AXIS
HEADER DEPTH

STRENGTH AXIS

STRUCTURAL
PANEL**

HEADER SPAN

9IN.OR
15 IN.

INSULATION AS
REQUIRED

SECTION

For ST- 1 inch =254 mm, 1 foot=304.8 mm.

NOTES:

a. The top plate shall be continuons over header

b. Jack studz shall be used for spans over 4 feet.

¢, Cripple spacing shall be the game ag for studs,

d Wood structural panel faces shall be single pieces of 15/ -inch-thick Exposure 1 (exteriar glue) or thicker, installed on the interior or exterior or both sides of
the header,

e. Wood structural panel faces shall be nailed 10 framing and cripples with 8d commeon or galvanized box nails spaced 3 inches on center, staggering alternate nails
14, inch, Galvanized nails ghall be hot-dipped or tumbled,

FIGURE R602.7.2 TYPICAL WOOD STRUCTURAL PANEL BOX HEADER CONSTRUCTION

RﬁllzT.SNonburlngwdll

ing headers are not required in interior or exterior nonbearing walls. A single flet 2-inch by 4-inch (51 mm by 102 mm) member may be used as & header
mmwnurmemznm bearing walls for openings up to & feet (2438 mm) in width if the vertical distance to the parallel neiling surface above is not more than 24
inches (610 mm). For such nonbwearing headera, no cripples or blocking are required above the heades.

R602.8 Fireblocking
Fueblochngshsﬂbeprmdsdmnmdmnemthmmn,

R602.9 Cripple walls,
Foundsation eripple walls ghall be framed of studs not amaller thas the studding above. When exceeding 4 feet (1219 mm) in height, such walla shall be framed of studs
having the size required for an additional story.

Cripple walls with a stud height leas than 14 inches (356 mm) shall be contimuously sheathed on one side with wood structural panels fastened to both the top and bottom
plaics in aceordance with Table R602.3(1), or the cripple walls shall be constructed of solid blocking.

All exipple walls shall be supported on continuous foundations,

R602,10 Wall bracing.
Buildinga shall be braced in aceordance with this seetion or, when applicable, Section R602.12, Where a building, or portion thereof, does not comply with one o more of
the bracing requirements in this section, those portions shall be desipned and constructed in aceordance with Scetion R301.1,

R602.10.1 Braced wall lines.
For the parpose of determining the amount and location of bracing required in each stoty level of a building, braced waill fines shall be desipmated as straight lines
in the building plan placed in accondance with this gection.

R602.10.1.1 Length of & braced wall line.
The length of 8 braced wall fine shall be the distance between ite onds.A The end of a braced wall line shall be the i jon with a perpendicular braced wall
line, an angled braced wall line a3 permitted in Scciion R602.10.1.4 or an exterior wall as shown in Figure R602.10.1.1.

htip:dfpublicacodes.cybamegs comAcodirc/20121ced Irc 2012 6 sec002 him 14/38
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WL A ! ’ " AC
B SPACING LB spacig  MLE BIL A SPACING BVLB  spache PG
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BWLAB EWLE-C ‘ B B-C
e v I =2 : L
m o 3 J T
E |
= = Oz o " 4
£ ét 3 le = L
@ E St
@ | ibz Fcg |
zg AW @ TEE NO BRACED WALL LINE; +
3z o-3 ROOF AND FLOOR BEAR |
af : . 225 AT SANE ELEVATION |
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@ &|w ‘
b WAK ‘
- | )
o ©0Zs GO &
2= T i Zud  of ¥ T
= Zps @3 1 | !
Z oz NOTE: I THE ABEENGE OF A i i
L BRACED WALL LINE, BL A B, I |
= C SHALL END AT EXTERIDRWALL | :
g lssesialane sz
TYPICAL BRACED WALL PLAN TYPICAL UPPER FLOOR BRACED WALL PLAN

For SI: 1 foot =304.8 mm.

FIGURE R602.10.1.1 BRACED WALL LINES

Ri02.10.1.2 Offsets along a braced wall line.

All sxterior walls parallel to 8 braced walf line shall be affiet not more than 4 feet (121% mm) from the degignated braced wail Hne location as shown Figure
R602.10.1.1. Interior walls used as bracing shall be offsst not more than 4 foet (1219 mm) from a braced wail line through the intericr of the building as shown in
Figure R602.10.1.1.

R602.10.1.3 Spacing of braced wall lines.
The spacing batween parallel hraced weil lyes shall be in accordance with Table R602.10.1.3. Intermediate braced wail lsex through the interior of the building
shall be permitted.

TABLE R602.10.1.3 BRACED WALL LINE SPACING

NG BRACED WALL LINE SPACING CRITERIA
AFPLICATION| CONDITION nu“mm il Spacing
Wind bracing 85111]):.51< 110 Detached, 60 feet None
SDCARC Detached Use wind bracing
SDCABB Townhouse Use wind bracing
Up to 50 feet when length of
quired bracing per Table
SDCC Townhouse 35feet  [R602.10.3(3) is adjusted in
accordence with Teble
R60Z.10.3(4).
Seismic bracing Detached Up to 35 feet to allow for a single
SDC Dy, Dy, Dy | townhouses, one- 25 feet mmo?mml sqlu:v::ufeet.
sad two-story only lines shall not exceed 25 foel,
Up to 35 feet when length of
quired bracing per Table
SDCD;, Dy, Dy | Detehed, 25fet  |R602.10.3(3) is sdjusied in
acvordance with Table
RG02.10.3(4).

For SI: 1 foot = 304.8 min, 1 squase foot = 0.0929 m?, 1 mile per hour = 0,447 /i,
R602.10.1.4 Angled walls,
Any portion of a wall along a draced wall fline ahall be permitted to angle out of plane for 8 maxinmm disgonal length of & feet (2438 mm).A Where the angled

wall oecarts ot 4 cotned, the length of the braced wall line shall be measured from the projected cortier as ghown in Figure R602.10.1.4. Where the diagotial length is
preater than 8 fiet (2438 mmm), it shall be coneidered a separate braced wail line and chall be braced in aceordance with Seciion R602.10.1,

htip:dfpublicacodes.cybamegs comAcodirc/20121ced Irc 2012 6 sec002 him 1538
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» International Residential Code for One- and Two-Family
Dwellings
o [2012 (Second Printing)

. - 1 Con
= SECTION R613 STRUCTURAL INSULATED PANEL WALL CONSTRUCTION

R613.1 General.
R613.2 Applicability limits.

R613.3 Materials.
R613.4 SIP wall panels
R613.5 Wall construction.

R613.6 Interior load-bearing walls.

R613.8 Connection.
R613.9 Corner framing,
R613.10 Headers.

R613.1 General.

R613.2 Applicability limits.
R613.3 Materials,

R613.4 STP wall panels
R613.5 Wall construction.

R613.6 Interior load-bearing walls.
R61 Drilling and notchin,

R613.8 Connection.

1 T
R613.10 Headers.
Top Previous Section Next Section  To view the next subsection please select the Next Section option.

SECTION R613 STRUCTURAL INSULATED PANEL WALL CONSTRUCTION

R613.1 General.

Structural insulated panel (SIP) walls shall be designed in accordance with the provisions of this section. When the
provisions of this section are used to design structural insulated panel walls, project drawings, typical details and
specifications are not required to bear the seal of the architect or engineer responsible for design, unless otherwise
required by the state law of the jurisdiction having authority.

R613.2 Applicability limits.

The provisions of this section shall control the construction of exterior structural insulated panel walls and interior load-
bearing structural insulated panel walls for buildings not greater than 60 feet (18 288 mm) in length perpendicular to
the joist or truss span, not greater than 40 feet (12 192 mm) in width parallel to the joist or truss span and not greater
than two stories in height with each wall not greater than 10 feet (3048 mm) high. All exterior walls installed in

http://publicecodes.cyberregs.com/ficod/irc/2012ficed irc_2012 6 sec013.htm 114
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accordance with the provisions of this section shall be considered as load-bearing walls. Structural insulated panel walls
constructed in accordance with the provisions of this section shall be limited to sites subjected to a maximum design
wind speed of 120 miles per hour (54 m/s), Exposure A or B or 110 miles per hour (49 m/s) Exposure C, and a
maximum ground snow load of 70 pounds per foot (3.35 kPa), and Seismic Design Categories A, B and C.

R613.3 Materials.
SIPs shall comply with the following criteria:

R613.3.1 Core.
The core material shall be composed of foam plastic insulation meeting one of the following requirements:

1. ASTM C 578 and have a minimum density of 0.90 pounds per cubic feet (14.4 kg;"mS); or
2. Polyurethane meeting the physical properties shown in Table R613.3.1, or;

3. An approved alternative,

All cores shall meet the requirements of Section R316.

TABLE R613.3.1 MINIMUM PROPERTIES FOR POLYURETHANE INSULATION USED AS SIPS
CORE

PHYSICAL PROPERTY POLYURETHANE
Density, core nominal (ASTM D 1622) 2.2 Ib/f3
Compressive resistance at yield or 10% deformation, whichever | 19 psi (perpendicular to
occurs first (ASTM D 1621) rise)
Flexural strength, min. (ASTM C 203) 30 psi
Tensile strength, min. (ASTM D 1623) 35 psi
Shear strength, min. (ASTM C 273) 25 psi
Substrate adhesion, min. (ASTM D 1623) 22 psi
Water vapor permeance of 1.00-in, thickness, max, (ASTM E 96) 2.3 perm
‘Water absorption by total immersion, max. (ASTM C 272) 4.3% (volume)
Dimensional stability (change in dimensions), max.
[ASTM D 2126 (7 days at 158°F/100% humidity and 7 days at 2%
-20°F)]

For SI: 1 pound per cubic foot = 16.02 kgfm3, 1 pound per square inch = 6.895 kPa, °C = [(°F) - 32]1.8.

R613.3.2 Facing,
Facing materials for SIPs shall be wood structural panels conforming to DOC PS 1 or DOC PS 2, each having a

minimum nominal thickness of 7;‘16 inch (11 mm) and shall meet the additional minimum properties specified in
Table R613.3.2. Facing shall be identified by a grade mark or certificate of inspection issued by an approved
agency.

TABLE R613.3.2 MINIMUM PROPERTIES® FOR ORIENTED STRAND BOARD FACER MATERIAL
IN SIP WALLS

. Flatwise Stiffness® | Flatwise Strength® Tension® .d
T"‘("’i;“;"“ Product |  (bf-in/ft) (bf-in/ft) (be/fty "?;:‘53’
Along Across Along Across Along Across
7/16  |Sheathing| 55,600 16,500 1,040 460 7,450 5,800 34

hitp:ifpublicecodes cyberrags.com/ficodire/2012ficod_ire_ 2012 6 _sec013.him
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For SI: 1 inch = 25.4 mm, 1 Ibf-in?/ft = 9.415 x 106 kPa/m, 1 Ibf-in/ft = 3.707 x 10 kN/m, 1 Ibf/ft = 0.0146
N/mm, 1 pound per cubic foot = 16.018 kg/m3.

a. Values listed in Table R613.3.2 are qualification test values and are not to be used for design purposes.

b. Mean test value shall be in accordance with Section 7.6 of DOC PS 2.

c. Characteristic test value (5th percent with 75% confidence).

d. Density shall be based on oven-dry weight and oven-dry volume.

R613.3.3 Adhesive.

Adhesives used to structurally laminate the foam plastic insulation core material to the structural wood facers
shall conform to ASTM D 2559 or approved alternative specifically intended for use as an adhesive used in the
lamination of structural insulated panels. Each container of adhesive shall bear a label with the adhesive

manufacturer’s name, adhesive name and type and the name of the quality assurance agency.

R613.3.4 Lumber.

The minimum lumber framing material used for SIPs prescribed in this document is NLGA graded No. 2 Spruce-
pine-fir. Substitution of other wood species/grades that meet or exceed the mechanical properties and specific
gravity of No. 2 Spruce-pine-fir shall be permitted.

R613.3.5 SIP screws.

Screws used for the erection of SIPs as specified in Section R613.5 shall be fabricated from steel, shall be
provided by the SIPs manufacturer and shall be sized to penetrate the wood member to which the assembly is
being attached by a minimum of 1 inch (25 mm). The screws shall be corrosion resistant and have a minimum
shank diameter of 0.188 inch (4.7 mm) and a minimum head diameter of 0.620 inch (15.5 mm).

R613.3.6 Nails.
Nails specified in Section R613 shall be common or galvanized box unless otherwise stated.

R613.4 SIP wall panels.

SIPs shall comply with Figure R613.4 and shall have minimum panel thickness in accordance with Tables R613.5(1)
and R613.5(2) for above-grade walls. All SIPs shall be identified by grade mark or certificate of inspection issued by an

approved agency.

hitp:ifpublicecodes cyberrags.com/ficodire/2012ficod_ire_ 2012 6 _sec013.him 4
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FACING

ADHESIVE

ADHESIVE — |4}

Y ZC | —FACING
CORE—/ . - :

FIGURE R613.4 SIF WALL PANEL

RE613.4.1 Labeling.

All panelx shall be identified by grads mark or certificate of inspection issued by an approved agency. Each {SIP)
shall bear a stamp or Jabe! with the following minioum infermation:

1. Manufacturer name/logo.

2. Identification of the assembly.

3. Quality aszsurance agency.

R613.5 Wall construction.

Exterior walls of STP construction shall be designed and constructed in accordance with the provisions of this section
and Tables R613.5(1) and R613.5(2) and Figures R613.5(1) through R613.5(5), SIP walls shall be fastened to other
wood building components in accordance with Tables R602 3{1) through R602.3(4).

Framing ghall be attached in accordance with Table R602.3(1) unless otherwise provided for in Section R613.

TABLE R613.5(1) MINIMUM THICKNESS FOR SIF WALL SUPPORTING SIP OR LIGHT-FRAME ROOF
ONLY (Inches)®

Building Width (f)
Wind Speed
(3-second 24 28 3z 36 40
=0 ons
Helsht Wall Height ‘Wall Heighi ‘Wall Height Wall Height
|| Wﬂll I(M) I(M)I I(M)I IMI I(M)I
hiectpublicacodes. cyberrege.com/icodira/ati2iood Irc 2012 @ secO1him a4
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8 9 10 | 8 9 (10 | 8 9 (10| 8 9 (10| 8 9 10

20 | 45| 45 | 4514545 |45|45|45|45| 45|45 |45(45]|45 |45

85 30 | 45| 45 | 4545|4545 (45| 4545|4545 (45]|45(45| 45
o 50 | 45| 45 |45 (45|45 (45 (4545|4545 |45 (45145 (45|45

70 | 45| 45 | 4545|145 |45 (4545|4545 |45|45]145|45 |45

20 | 45| 45 | 45|45 45|45 (45| 45|45 |45 |45 (4545|145 (45

100 | 85 30 | 45| 45 | 4545|4545 (45|45]|45]|45]|45 (4545 |45]| 45
50 | 45| 45 |45(45]|45 (45 (45|45]|145]|145(|45(45]|145(|45]| 45

70 |45 | 45 | 4545|145 |45(45(45(45 |45 |45 |65(45]|45 NA

20 | 45| 45 | 4545|145 |45|45|45|45|45|45|45(|45]|45 (45

1o | 100 30 [ 45| 45 | 4545|145 |45 (4514545 |45(45 (451454565
50 [ 45| 45 | 4545|4565 (454565 | 45|45 |NA| 45|45 [NA

70 | 45| 45 | 65|45 45 |[NJA|[45]| 45 [N/A[ 45 ] 65 |[NA| 45 |NA|NA

20 | 45| 45 |N/A|45| 45 |[NJA[45| 45 [N/A| 45|45 |[NJA[ 45| 45 [N/A

120 | 110 30 | 45| 45 |NA[45| 45 [NA|[45] 45 |N/A| 45| 45 [N/A| 45| 65 | N/A
50 [ 45| 45 |N/A|45| 65 |NA|45|NA|N/A| 45 [NA|N/A| 45 [ NA [N/A

70 | 45 | NJA IN/A| 45 |NJA|N/A |45 | N/A[NA|NA|NA|NA|[NA|NA [NA

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot = 0.0479 kPa.
N/A =Not Applicable.

a. Design assumptions:

Deflection criteria: L/240.

Roof load: 7 psf.

Ceiling load: 5 psf.

'Wind loads based on Table R301.2 (2).

Strength axis of facing materials applied vertically.

TABLE R613.5(2) MINIMUM THICKNESS FOR SIP WALLS SUPPORTING SIP OR LIGHT-FRAME ONE
STORY AND ROOF (inches)?

Building Width (ft)
Wind Speed
(3-second 24 28 32 36 40
w02
. ‘Wall Height ‘Wall Height Wall Height ‘Wall Height
Exp. |Exp. (psf) | Wall Height (feet) (feet) ect) (foct) (feet)gh
8 9 |10 8 9 (10| 8 9 | 10| 8 9 (10 | 8 9 (10
20 45 | 45145 |45 (45|45 (45|45 |45 (4545454545 |45
8 | — 30 45 | 45|45 | 45|45 |45 (45|45 |45 (4545454545 |45
50 45 (45| 45|45 (45 (45 (45|45 (45|45 45|45 (45|45 |NA
70 45 |45 145|145 |45 (45|45 |45(65|45 |45 |NA| 45 |NA|NA
20 45 |45 |1 4514545 (45| 45)145|65 (45|45 |NA|45]|45 [NA
100 | 85 30 45 | 45|45 145 (4545|4545 |NA[45 |45 |NA| 45 |NA|[NA
50 45 | 45165 |45 |45 |N/A| 45|45 |NA|45 |NA|NA|[NA|NA|NA
70 45 | 45 |N/A| 45| 65 |N/A| 45 |N/A|N/A|NA|NA|NA|NA|NA |NA
20 45 | 45 [ NJA| 45 | 45 [N/A| 45| 65 [N/A| 45 | NJA|N/A|[N/A|NA | NA
http://publicecodes.cyberregs.com/icodfirc/2012ficod irc 2012_6_sec013.htm 514
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1o |1wop 30 | 45 |45 |NA[45 |45 |NAJ 45 |N/ANA| 45 | NJA| NA [N/A | N/A | N/A
50 | 45 |65 | NAA| A5 |NA|NA|NA|NA NA|NA|NA|NA|NA | NA|NA
70 | 45 |NFA|NA|NA[NA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA
20 | 45 |NJA|N/A| 4.5 | N/A [ N/A | NZA | N/A | NZA | NFA | NFA | N/A | N/A | NFA | NFA
120 | 110 30 | 45 |NFA|NA|N/A[NA|NA|NA|NA|NA|NA|NA|NA|NA|NA|NA
50 | NFA | NFA | N/A | N/A [ N/A | NFA | NFA | NVA | NFA | NVA | NVA | NFA | NFA | NFA | NiA
70 | NFA |NFA | N/A | N/A [ N/A | N/A | NFA | NVA | NJA | NVA | VA | NFA | NFA | NFA | NiA

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot = 0.0479 kPa.

N/A=

Not Applicable,

8. Deaign assumptions:

Deflection criteria: L/240.

Roof load: 7 psf.

Ceiling load: ¥ paf.

Second floor live load: 30 psf.

Sccond floor dead load: 10 psf.

Second floor dead load from walls: 10 psf.
Wind loads based on Tabls R501.2(2).

Strength ads of facing materials applied vertically.

SIP OR LIGHT —— /
FRAME ROOF /

SEE FIGURE /
R613.5(3) ‘\> |

sip WALL/

&— FIRST STORY WALL HEIGHT
10 FT MAXIMUM

= CONCRETE SLAB
I

1 | 4 |
1 i i i 1 [ "
IR I e

Faor 8L 1 foot = 304.8 mm,

FIGURE R613.5(1) MAXTMUM ALLOWABLE HEIGHT OF SIP WALLS

hiieeHpubll cocuds, cyberrege. com/ikadra/aiood Irc_2012 @ sac01him
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SIP OR LIGHT
FRAME ROOF

SEE FIGURE
R613.5(3)

——SECOND STORY WALL

/ HEIGHT 10 FT MAXIMUM
SIP OR LIGHT SIP OR LIGHT

FRAMEWALL » é FRAME FLOOR
J\ Tk |
SEE FIGURES

R613.5(4)
AND R613.5(5)

—SECOND STORY WALL
HEIGHT 10 FT MAXIMUM

~—CONCRETE SLAB
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| o
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For 8L 1 foot = 304.8 mm.

FIGURE R613.5(2) MAXTMUM ALLOWABLE HETGHT OF SIF WALLS
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FRAME ROOF
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J\ Tk |
SEE FIGURES

R613.5(4)
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For 8L 1 foot = 304.8 mm.

FIGURE R613.5(2) MAXTMUM ALLOWABLE HETGHT OF SIF WALLS
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PRE-ENGINEERED

WOOD ROOF TRUSS PRESSED METAL
GUSSET PLATE

ATTACH PER CCODE

CAP PLATE o o ‘g CAPITOP PLATE
TOP PLATE N I~ COMMECTION
°© g5 0 g0 IN ACCORDANCE
o~ o o %NTH TABLE RE02.3(1)
CONTINUOUS
SEALANT EACH
SIDE OF FRAMING \ —
AS RECOMMENDED —
BY MANUFACTURER g et
~
| o 8d COMMON NAILS
q AT 6 IN. O.C. EACH SIDE
SIP WALL PANEL
S
U \,7' CONTINUOUS SEALANT

For SI: 1 inch =254 mm.

FIGURE R613.5(3) TRUSSED ROOF TO TOP PLATE CONNECTION
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226
p— SOLE PLATE CONNECTION
ST ey | IN ACCORDANCE WITH
] TABLE R602.3(1)
CONTINUOUS
SEALANT EACH SIDE ~— \ FLOOR SHEATHING AND
FRAMING IN ACCORDANCE
WITH SECTION R502
2x SOLE PLATE 7
MATCHING THE SIP 17
CORE THICKNESS
_|
8d NAILS AT 6 IN.
0.C. EACH SIDE
RIM BOARD FLOOR JOIST
CAP PLATE —~_|
% INSULATION
8d NAILS AT 6 IN. ]
0.C. EACH SIDE IIP TOP PLATE

I

CONTINUOUS It

SEALANT EACH SIDE |

I

For SL: 1 inch=25.4 mm.
Note: Figures illustrate STP-specific attachment raquirements. Other connections shall be made in accordance with
Tables R602.3(1) and (2) as appropriate.

FIGURE R613.5(4) SIF WALL-TO-WALL PLATFORM FRAME CONNECTION

=
SIP WALL
SOLE PLATE CONNECTION IN
= ACCORDANCE WITH
TABLE R602.3(1)
CONTINUOUS CAP PLATE
SEALANT EACH SIDE TO PLATE
T T FLOOR SHEATHING
AND FRAMING IN
MATCHING THE SIP REF ot s o B
CORE THICKNESS 2 SRR R
8d NAILS AT 6 IN.
0.C. EACH SIDE
—
8d NAILS AT 6 IN. FLOOR JOIST
0.C. EACH SIDE i
CONTINUOUS
SEALANT EACH SIDE

For SL 1 inch =254 mm,
Note: Figurea iltustrate SIP-specific attachment requirements. Other connections shall be made in accordance with
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SH2E Chapter & - Wall Gonstruciion
Tables R602.3{1) and (2), a8 appropriate,

FIGURE R613.5(5) SIF WALL-TO-WALL BALLOON FRAME CONNECTION (I-Juist floor shown for
Iinsiratdon only)

R613.5.1 Top plate connection.

SIP walls shall be capped with a double top plate installed to provide overlapping at corner, intersections and
aplines it accordanes with Figure R613.5.1, The double top plates shall be mnds up of a single 2 by top plate
having a width equal to the width of the panel core, and shall be recessed into the SIF below. Ower thia top plale &
cap plate ghall be placed. The cap plate width ghall match the STP thicknesa and overlap the facers on both sides
of the panel. End joinds in top plates ghall be offset at least 24 inches (510 mm).

TOP PLATE
CAP PLATE

SIP HEADER

2x TOP PLATE RECESSED
INTO THE SIP CORE, WIDTH
EQUAL TO SIP CORE WIDTH

‘AING STUD RECESSED INTQ
A THE SIP CORE, WIDTH EQUAL
TO SIP CORE WIDTH

2x TOP PLATE RECESSED INTO
LOWER SIP

H 2x JACK STUD RECESSED
INTO THE SIP CORE, WIDTH
/ EQUAL TO SIP CORE WIDTH
=
For 8L 1 inch = 25.4 mm.

Nodes:

1. Top plates shall be continuous over header,

2, Lower 2x top plate shall have a width equal to the STP core width and shall be recessed into the top edge of
the panel. Cap plate shall be placed over the recessed top plate and shall have a width equal to the SIPs wicth,
3. SIP facing surfaces shall be nailed to framing and cripples with 8d common or galvanized box nails spaced 6
inches on center,

4, Galvanized nails shall be hot-dipped or tumbled, Framing shall be attached in accordance to Section
R602.3(1) vnless otherwise provide for in Section R613,

FIGURE R613.5.1 SIF WALL FRAMING CONFIGURATION

R613.5.2 Bottom {sole) piate connection,
SIP walls shell have full bearing on & sole plate having e width equal to the nominal width of the foam core.
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‘When SIP walls ave supported directly on continuous foundations, the wall wood sill plate shall be snchored to
the foundation in accordance with Figure R613.5.2 and Section R403,1,

SIP WALL

2% SOLE PLATE MATCHING
THE &IP CORE THICKNESS—\\

Bd NAILS AT 6 IN \r._.,\ /—CAF‘ILLAHY BREAK UNDER

0.C, EACH SIDE —. SOLE PLATE AND SIP FACING
—‘-\ﬂ___#_::,. ﬁx

CONCRETE OR MASONRY—""|
FOUNDATION WaLL
OR SLAB

Il‘—AHCHD-R BOLT EMBEDDED IM
CONCRETEGFT O.C. MAX

For SI: 1 foot = 304.8 mm.

FIGURE R613.5.2 STP WALL TO CONCRETE SLAB FOR FOUNDATION WALL ATTACHMENT

R613.5.3 Wall bracing.

SIP walls zhall be braced in accordance with Section R602.10, SIP walls shall be considered comtinuous wood
structural panel sheathing for purposes of computing required bracing. SIF walls shall meet the requirements of
Secticn R602.10,4.2 except that STPs comers shall be fabricated as shown in Figure R613.9. When SIP walls are
used for wall bracing, the SIP bottom plate shall be attached to wood framing below in accordance with Tabls
R602.3(1).

R613.6 Interior load-bearing walls.
Interior load-bearing walls shall be constructed as specified for exterior walls.

R613.7 Drilling and noiching.

The maximym vertical chage penetration in $IPg ghall have 8 maxinwm side dimension of 2 inches {51 nom) centered in
the panel core, Vertical chases shall have a mininTum spacing of 24-inches (510 mm) on center. Maximum of two
horizontal chases shall be permitted in each wall panel, one at 14 inches (360 mm) from the bottom of the panel and
one at mid-height of the wall panel, The maxinwm allowable penstration size in a wall panel shall be circular or
rectangular with a maximnm dimension of 12 inches (305 nm), Overcutting of holes in facing panels shall not be
permitted,

R613.8 Connection.

SIPs shall be connected at vertical in-plane joints in accordance with Figure R613.8 or by other approved methods.
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FACING MATERIAL IN

J ACCORDANCE WITH
EECTION RE13.3.2 %
EXPANSION GAP '/, IN.
T rrrrrrr o D

Bd NAILATEIN. O.C. 8d NAILAT 6 IN. O.C.
EACH SIDE OF SIP EACH SIDE OF siP

SURFACE SPLINES
SURFACE SPLINE CONNECTION

FACING MATERIALIN
ACCORDANCE WITH
SECTION R613.3.2 / EXPANSION GAP W, IN.

I

il
Ll

Bd NAILAT B IN, Q.C 8d NAILATE IN. O.C.
EACH EIDE OF SIP EACH SIDE OF SIP

BLOCK SPLINE
BLOCK SPLINE CONNECTION

For 8L 1 inch = 25.4 mm

FIGURE R613.8 TYPICAL SIF CONNECTION DETAILS FOR VERTICAL IN-PLANE JOINTS

R613.9 Corner framing.
Comer framing of SIF walls shall be constructed in accordance with Figure R613.9.
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CONTINUQUS SEALANT —/

EACH SIDE

SIP SCREW AT /

24N O

dl
CONTINUQUS SEALANT—/ T

EACH SIDE

Clmpter & - Yall Consiruclion

8d MAILS AT 6 IN.

O.C. EACH SIDE /— FACING

L]

\%

1
A

b 8d NAILS AT 6

IN. ©.C. EACH SIDE

For 8L 1 inch =254 mm.

FIGURE R613.9 3IF CORNER FRAMING DETAIL

RE13.10 Henders.

SIP headers shall be designed and constructed in accordance with Table R613.10 and Figure R613.5.1. SIPs headers

shall be continuous sections without splines. Headers shall be at 1sast 117/ inches (302 mm) deep. Headers longer than
4 foet (1219 mm) shall be constrscted in accordance with Section R602.7,

TABLE R613.10 MAXTMUM SFANS FOR ﬂ’fs—INCH-DEEP SIT? HEADERS (feet)*

BUILDING
LOAD CONDITION | SNOW LOAD (paf) width (feef)
24 28 32 | 3 | 40
20 4 4 4 4 2
. 30 4 4 4 2 2
Supporting roof only 50 2 2 2 | 2 | 2
70 2 2 2 | NA | N/a
20 2 2 N/A | N/A | N/A
Supporting roof and 30 2 2 N/A | NJA | N/A
One-Story 30 2 N/A N/A | N/A | N/A
70 N/A N/A N/A | N/A | N/a

For SI: 1 inch =254 mm, 1 foot = 304,8 mm, 1 pound per aquare foot = (.0479 kPa,
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» SECTION R701 GENERAL
= SECTION R702 INTERIOR COVERING
= SECTION R703 EXTERIOR COVERING

R703.]1 General.
.2 Water-resistivi rrier.
Wi ri i idin

R703.4 Attachments.
R703.5 Wood shakes and shingles.
R703.6 Exterior plaster.
R703.7 Stone and masonry veneer. general,
R703.8 Flashing.
3.9 erior i io) fini tel /| ith drainage.
R703.10 Fiber cement siding.
R703.11 Vinyl siding.
R703.12 Adl iristallati

R703.2 Water-resisii ;

R703.4 Attachments.
R703.5 Wood shakes and shingles.
R703.6 Exterior plaster.
R703.7 Stone and masonry veneer, general.
R703.8 Flashing.
0 T

R703.9 F ; i i EIFSYEIFS witt inase
0 Fiber ¢ idi

R703.11 VinyLsidi
R703.12 Adhered masonry veneer installation.
Top Previous Section Next Section  To view the next subsection please select the Next Section option.

SECTION R703 EXTERIOR COVERING

R703.1 General.
Exterior walls shall provide the building with a weather-resistant exterior wall envelope. The exterior wall envelope shall include flashing
as described in Section R703.8.

R703.1.1 Water resistance.

The exterior wall envelope shall be designed and constructed in a manner that prevents the accumulation of water within the wall
assembly by providing a water-resistant barrier behind the exterior veneer as required by Section R703.2 and a means of draining to
the exterior water that enters the assembly. Protection against condensation in the exterior wall assembly shall be provided in
accordance with Section R702.7 of this code.

Exceptions:

1. A weather-resistant exterior wall envelope shall not be required over concrete or masonry walls designed in accordance with
Chapter 6 and flashed according to Section R703.7 or R703.8.

2. Compliance with the requirements for a means of drainage, and the requirements of Sections R703.2 and R703.8, shall not be
required for an exterior wall envelope that has been demonstrated to resist wind-driven rain through testing of the exterior wall
envelope, including joints, penetrations and intersections with dissimilar materials, in accordance with ASTM E 331 under the
following conditions:

2.1. Exterior wall envelope test assemblies shall include at least one opening, one control joint, one wall/eave interface and one wall
sill. All tested openings and penetrations shall be representative of the intended end-use configuration.

2.2. Exterior wall envelope test assemblies shall be at least 4 feet by 8 feet (1219 mm by 2438 mm) in size.
2.3. Exterior wall assemblies shall be tested at a minimum differential pressure of 6.24 pounds per square foot (299 Pa).
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2.4, Exterior wall envelope assemblies shall be subjected to the minimum test exposure for a minimum of 2 hours.

The exterior wall envelope design shall be considered to resist wind-driven rain where the results of testing indicate that water did
not penetrate control joints n the exterior wall envelope, joints at the perimeter of openings penetration or intersections of
terminations with dissimilar materials.

R703.1.2 Wind resistance.

Wall coverings, backing materials and their attachments shall be capable of resisting wind loads in accordance with Tables
R301.2(2) and R301.2(3). Wind-pressure resistance of the siding and backing materials shall be determined by ASTM E 330 or
other applicable standard test methods. Where wind-pressure resistance is determined by design analysis, data from approved design
standards and analysis conforming to generally accepted engineering practice shall be used to evaluate the siding and backing
material and its fastening. All applicable failure modes including bending rupture of siding, fastener withdrawal and fastener head
pull-through shall be considered in the testing or design analysis. Where the wall covering and the backing material resist wind load
as an assembly, use of the design capacity of the assembly shall be permitted.

R703.2 Water-resistive barrier.

One layer of No. 15 asphalt felt, free from holes and breaks, complying with ASTM D 226 for Type 1 felt or other approved water-
resistive barrier shall be applied over studs or sheathing of all exterior walls. Such felt or material shall be applied horizentally, with the
upper layer lapped over the lower layer not less than 2 inches (51 mm). Where joints oceur, felt shall be lapped not less than 6 inches (152
mm}. The felt or other approved material shall be continuous to the top of walls and terminated at penetrations and building appendages in
a manner to meet the requirements of the exterior wall envelope as described in Section R703.1

Exception: Omission of the water-resistive barrier 1s permitted in the following situations:

1. In detached accessory buildings.
2. Under exterior wall finish materials as permitted in Table R703 4.
3. Under paperbacked stucco lath when the paper backing is an approved water-resistive barrier.

R703.3 Wood, hardboard and wood structural panel siding.

R703.3.1 Panel siding,
Jounts in wood, hardboard or wood structural panel siding shall be made as follows unless otherwise approved. Vertical joints in

panel siding shall oceur over framing members, unless wood or wood structural panel sheathing 1s used, and shall be shiplapped or
covered with a batten. Horizontal joints in panel siding shall be lapped a minimum of 1 inch (25 mm) or shall be shiplapped or shall
be flashed with Z-flashing and occur over solid blocking, wood or wood structural panel sheathing.

R703.3.2 Horizontal siding.
Herizontal lap siding shall be installed in accordance with the manufacturer’s recommendations. Where there are no

recommendations the siding shall be lapped a minimum of 1 inch (25 mm), or lfg inch (13 mm) if rabbeted, and shall have the ends

caulked, covered with a batten or sealed and installed over a strip of flashing.

R703.4 Attachments.

Unless specified otherwise, all wall coverings shall be securely fastened in accordance with Table R703.4 or with other approved
aluminuim, stainless steel, zinc-coated or other approved corrosion-resistive fasteners. Where the basic wind speed in accordance with
Figure R301 . 2(4)A 15 110 mules per hour (49 m/s) or higher, the attachment of wall coverings shall be designed to resist the component and
cladding loads specified in Table R301.2(2), adjusted for height and exposure in accordance with Table R301.2(3).

TABLE R703.4 WEATHER-RESISTANT SIDING ATTACHMENT AND MINIMUM THICKNESS

TYPE OF SUPPORTS FOR THE SIDING MATERIAL AND
FASTENERS" & ¢
NOMINAL WATER- | Wood or
SIDING a JOINT RESISTIVE| Woo Foam
MATERIAL T]I[_CKNESS TREATMENT| BARRIER [structural|Fiberboard| Gypsum plastic Direct | Number or
(inches) REQUIRED| panel [ sheathing |sheathing N to spacing of
| . N . sheathing
sheathing| into stud |into stud | studs | fasteners
. into stud
into
stud
. 0.120nail [ 0.120 nail [0.120nail] 0120 | Not
Lap Yes 114" long| 2" long 2" long naily  |allowed
Without 0.019 .
insulation| 0,024 Lap ves  |%120mail {6120 nail {0120 nail| 0120 | Not

http/fpublicecodes. cyberregs.comAcodire/201 2icod_jre_2012_7_sec003.htm 216

99



5022016 Chapter 7 - Wall Covering

Horizonal 1" long| 2" long, 2" long naily  |allowed|Same as stud
¢ — spacing
aluminum 0120 pPacing
With 0120 pail | 0.120 nail [0.120nail] 0.120 nail
insulati 0.019 Lap Yes Ly g Sl n Ly 1w
insulation 145" long | 245" long |2%/5" long|  nail 145
long
Anchored veneer: Section
brick, concrete, 2 b ?.0'5 Yes See Section R703 and Figure R703.78
masonry or stone .
Adhered veneer: .
concrete. stone or Section Yes See Section R703.6.1% or in accordance with the manufacturer’s
- R703 Note w instructions.
masonry
6" panel
k
Hardboard . e — Yes Note m Notem | Notem | Notem [Notem| edges12”
Panel siding-vertical . i
mter. sup.
Same as stud
. k
Eﬂd%?rd horizontal ?."15 Note p Yes Note o Note o Note o Note o | Note o |spacing 2 per
ap-siding -horizonta bearing
0.111;;1?11 0.113 nail 0.1’}113: 1:311 0113
b fq 2370 ) . Not |Same as stud
Steel 29ga. Lap Yes Staple- . 4 1 Staple- 111311 v allowed| spacing
13;",{ Staple-2°/5" 21r"4” Staple
6d box
. . nail
. . 6:‘;']0}\ 6d box nail Gﬁa]':?h (2" x
lg-ly — Yes (27 0(12);91 (v« | boxnail’ jo.099),
_ 0.099") 099 10,0997 3jgnot | ©" panel
Particleboard panels allowed| °dge.12”
el miter. sup.
6d blox 8d box nail [ °F M 6d blf“
5 . nai 1: . ) nai
(Y Yes (2" x (25" = (21;’2,. . | box nail" 2" x
0.0997) 0.113%) 0.1137) 0.099")
Wood structural
panel’ ANSUAPA- 31 . 0009 |0113mail-| 013 | om3 [ogoo | & Panel
PRP210 8-z Note p Yes nail2* | 2y |naik2lyt| iy | naileo | S98°512
siding' (exterior mnter. sup.
grade)
Wood structural 3 1, Note p ¥ 0.099 |0113nail- | 0113 | 0113 | 0099 | 8" along
panel lapsiding 8Tz Note x o8 nail-2" 21."’2” Imil-Ql.-"z" nail® nail-2" | bottom edge
0.120 nail 10120 nail
(shank) | © 11210 111:111 {shank)
witha (iiﬁ: a) witha 4120 pail 16 inches on
}0'3{ 3 0.313 head }0'3113 (shank) center or
AT e l6gage | 1enor | witha Not | specified by
Vinyl siding! 0.035 Lap Yes 16-gage ] & _?—"h 16-gage | 3]3 o the
staple ma;: o wit staple | poqq per allowed manufacturer
s “'ﬂ-l; Tlgto s w1l]} Section instructions
g to ta- 1;2_;1161] “lgto /a-|R703.11.2 or test report
mch v inch
. CTOWIL )
crown> # crown”
Face nailing
up to 6"
0113 widths, 1
Wood nail- nail per
rustic, 3;3 Min Lap Yes Fastener penetration into stud-1" 2 13’2" be_a:uu;; 8"
widths and
drop Staple- o
au | over, 2 nails
per
bearing
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TABLE R703.4—continued WEATHER-RESISTANT SIDING ATTACHMENT AND MINIMUM THICKNESS

TYPE OF SUPPORTS FOR THE SIDING MATERIAL AND

FASTENERS® & d

WATER-
NOMINAL Wood or
SIDING THICKNESS? JOINT RESISTIVE| wood |Fiberboard Cvosam Foam Number or
MATERTAL (inches) TREATMENT| BARRIER |ty ctural sheathing hypth' plastic Direct to X f’
REQUIRED panel into sini(? < tlundg sheathing studs sf]; 2:;::%:5
sheathing stud into stud
into stud
Face nailing
19 up to 6"
; 32 P
Shiplap Average widths, 1
Lap Yes nail per
Fast tration into stud-1" 013nail- | bearing,
Bovel T astener penetration into stud- 21,7 Staple-2"| & widihs
and
over, 2 nails
Butt tip 3 16 Lap Yes per
bearing
6d 6d 6d 6d 4d 6" 0.c. on
Fiber cement v common | common | common | common common edges,
e 5/16 Note q N o8 COITOS10N- | COITOSION- |COITOSION- |CorTosion- COMTosion- 12" 0.c. on
panel siding ote u resistant | resistant | resistant | resistant i | intermed.
nailf | nailt | pairr | paipv | estentnel g
6d
6d 6d 6d
. common 6d common common | common common
Fiber cement 5 Not Yes corrosion. | COTOOn= [ ion-|comosion.| COTrosion Note t
L 16 ote s - : - S . - ote
lap siding® Note u resistant rems.teint resistant | resistant remiti'«mt nail or
nailt nail nail’ | nailt v s

roofing nail”

For 8I: 1 inch = 25.4 mm.
a. Based on stud spacing of 16 inches on center where studs are spaced 24 mches, siding shall be applied to sheathing approved for that

spacing.

b. Nail is a general description and shall be T-head, modified round head, or round head with smooth or deformed shanks.

c. Staples shall have a mimimum crown width of 7/16-i11ch outside diameter and be manufactured of minimum 16-gage wire.

d. Nails or staples shall be aluminum, galvamzed, or rust-preventative coated and shall be driven into the studs where fiberboard, gypsum,
or foam plastic sheathing backing is used. Where wood or wood structural panel sheathing 1s used, fasteners shall be driven mto studs
unless otherwise permitted to be driven mto sheathing in accordance with the siding manufacturer’s installation instructions.

e. Aluminum nails shall be used to attach aluminum siding.

f. Aluminum (0.019 inch) shall be unbacked only when the maximum panel width 1s 10 inches and the maximum flat area 1s 8 inches. The
tolerance for aluminum siding shall be +0.002 inch of the nominal dimension.

g. All attachments shall be coated with a corrosion-resistant coating.
h. Shall be of approved type.
1. Three-eighths-inch plywood shall not be applied directly to studs spaced more than 16 inches on center when long dimension is parallel

to studs. Plywood 1/Q-inch or thinner shall not be applied directly to studs spaced more than 24 inches on center. The stud spacing shall

not exceed the panel span rating provided by the manufacturer unless the panels are installed with the face grain perpendicular to the studs
or over sheathing approved for that stud spacing.

J- Wood board sidings applied vertically shall be nailed to horizontal nailing strips or blocking set 24 inches on center. Nails shall

penetrate 11/, inches into studs, studs and wood sheathing combined or blocking.
k. Hardboard siding shall comply with CPA/ANSI A135.6.
L. Vinyl siding shall comply with ASTM D 3679.

m. Minmimum shank diameter of 0.092 inch, mimmum head diameter of 0.225 inch, and nail length must accommodate sheathing and

penetrate framing 11/, inches.
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n. When used to resist shear forces, the spacing must be 4 inches at panel edges and 8 inches on interior supports,
o. Minimum shank diameter of 0.099 inch, minimum head diameter of 0.240 inch, and nail length must accommodate sheathing and
penetrate framing 1 lx': inches.
p. Vertical end joints shall occur at studs and shall be covered with a joint cover or shall be caulked.
q. See Section R703.10.1
r. Fasteners shall comply with the nominal dimensions in ASTM F 1667.
5. See Section R703.10.2
t. Face naihng: one 6d common nail through the over lap ping planks at each stud. Coneealed nailing: one 11 gage 1 112 inch long galv.
roofing nal through the top edge of each plank at each stud.
u. See Sectjon R703 2 exceptions.
v. Minimum nail length must accommodate sheathing and penetrate framing 1 ],r2 inches,
w. Adhered masonry veneer shall comply with the requirements of Section R703.6.3 and shall comply with the requirements in Sections
6.1 and 6.3 of TMS-402 ACL 530/ASCE 5.
x. Vertical joints, if staggered shall be permitted to be away from studs if applied over wood structural panel sheathing.

v, Minimum fastener length must accommodate sheathing and penetrate framing 0.75 inches or in accordance with the manufacturer’s
installation instructions.

z. Where approved by the manufacturer’s instructions or test report siding shall be permitted to be installed with fasteners penetrating not
less than 0.75 inches through wood or wood structural sheathing with or without penetration into the framing.

R703.5 Wood shakes and shingles.
Wood shakes and shingles shall conform to CSSB Grading Rules for Wood Shakes and Shingles.

R703.5.1 Application.

Wood shakes or shingles shall be applied either single-course or double-course over nominal }/5-inch (13 mm) wood-based
sheathing or to furring strips over 1.-"3—inch (13 mm) nominal nonwood sheathing. A permeable water-resistive barrier shall be
provided over all sheathing, with horizontal overlaps in the membrane of not less than 2 inches (51 mm) and vertical overlaps of not
less than 6 inches (152 mm). Where furring strips are used, they shall be 1 inch by 3 inches or 1 mch by 4 mnches (25 mm by 76 mm
or 25 mm by 102 mm) and shall be fastened horizontally to the studs with 7d or 8d box nails and shall be spaced a distance on center
equal to the actual weather exposure of the shakes or shingles, not to exceed the maxinum exposure specified in Table R703.5.2.

The spacing between adjacent shingles to allow for expansion shall not exceed 1f4 inch (6 mm), and between adjacent shakes, it shall

not exceed 14’2 imch (13 mm). The offset spacing between joints in adjacent courses shall be a mimmum of 1!;'2 mches (38 mm).

R703.5.2 Weather exposure.
The maximum weather exposure for shakes and shingles shall not exceed that specified in Table R703.5.2.

TABLE R703.5.2 MAXIMUM WEATHER EXPOSURE FOR WOOD SHAKES AND SHINGLES ON EXTERIOR
WALLS™ € (Dimensions are in inches)

LENGTH Exposugg g;}: SINGLE EXILOSSEEFOR
COURSE

Shingles®

16 71, 120

18 gl 14

24 11, 16

Shakes®
18 8/, 14
24 1Y, 18

For 8I: 1 inch = 25.4 mm.
a. Dimensions given are for No. 1 grade.
b. A maximum 10-inch exposure is permitted for No. 2 grade.
¢. A maximum 11-inch exposure is permitted for No. 2 grade.
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R703.5.3 Attachment.
Each shake or shingle shall be held in place by two hot-dipped zinc-coated, stainless steel, or aluminum nails or staples. The

fasteners shall be long enough to penetrate the sheathing or furming strips by a minimum of 1.!’2 inch (13 mm) and shall not be
overdriven,

R703.5.5.1 Staple attachment.

Staples shall not be less than 16 gage and shall have a crown width of not less than ?"flﬁ inch (11 mm), and the crown of the staples
shall be parallel with the butt of the shake or shingle. In single-course application, the fasteners shall be concealed by the course
above and shall be driven approximately 1 inch (25 mm) above the butt line of the succeeding course and 31",1 inch (19 mm) from the
edge. In double-course applications, the exposed shake or shingle shall be face-nailed with two casing nails, driven approximately 2
inches (51 mm) above the butt line and Jr'4 inch (19 mm) from each edge. In all applications, staples shall be concealed by the course

above. With shingles wider than 8 inches (203 mum) two additional nails shall be required and shall be nailed approsimately 1 inch

(25 mm) apart near the center of the shingle.

R703.5.4 Bottom courses.
The bottom courses shall be doubled.

R703.6 Exterior plaster.
Installation of these matenals shall be in comphance with ASTM C 926 and ASTM C 1063 and the provisions of this code.

R703.6.1 Lath.

All lath and lath attachments shall be of corrosion-resistant matenials. Expanded metal or woven wire lath shall be attached with

1 lfz—imh—loug {38 mm), 11 gage nails having a ?flﬁ—inch (11.1 mm) head, or Tr's—in;:h—long (22.2 mm), 16 gage staples, spaced at no
more than 6 mches (152 mm), or as otherwise approved.

R703.6.2 Plaster.

Plastering with portland cement plaster shall be not less than three coats when applied over metal lath or wire lath and shall be not
less than two coats when applied over masonry, concrete, pressure-preservative treated wood or decay-resistant wood as specified in
Section R317.1 or gypsum backing. If the plaster surface is completely covered by veneer or other facing material or is completely
congcealed, plaster application need be only two coats, provided the total thickness 15 as set forth in Table R702.1(1).

On wood-frame construction with an on-grade floor slab system, exterior plaster shall be applied to cover, but not extend below,
lath, paper and screed.

The proportion of aggregate to cementitious materials shall be as set forth in Table R702.1(3).

R703.6.2.1 Weep screeds.

A minimum 0.019-inch (0.5 mm) (No. 26 galvanized sheet gage), corrosion-resistant weep screed or plastic weep screed, with a
mimmum vertical attachment flange u['31.-"1 mches (89 mm) shall be provided at or below the foundation plate line on extenior stud
walls in accordance with ASTM C 926. The weep sereed shall be placed a mimmum of 4 inches (102 mum) above the earth or 2
mnches (51 mm ) above paved areas and shall be of a type that will allow trapped water to drain to the extenor of the binlding. The
weather-resistant barrier shall lap the attachment flange. The exterior lath shall cover and terminate on the attachment flange of the
weep screed.

R703.6.3 Water-resistive barriers.

Water-resistive barriers shall be installed as required in Section R703.2 and, where applied over wood-based sheathing, shall include
a water-resistive vapor-permeable barrier with a performance at least equivalent to two layers of Grade D paper. The mdividual
layers shall be installed independently such that each layer provides a separate continuous plane and any flashing (installed in
accordance with Section R703 8) intended to drain to the water-resistive barrier 1s directed between the layers.

Exception: Where the water-resistive barrier that is applied over wood-based sheathing has a water resistance equal to or greater
than that of 80-minute Grade D paper and is separated from the stucco by an intervening, substantially nonwater-absorbing layer or

designed drainage space.

R703.6.4 Application.
Each coat shall be kept in a moist condition for at least 48 hours prior to application of the next coat.

Exception: Applhcations mstalled in accordance with ASTM C 926,

R703.6.5 Curing.

The finish coat for two-coat cement plaster shall not be applied sooner than seven days after application of the first coat. For three-
coat cement plaster, the second coat shall not be applied sooner than 48 hours after application of the first coat. The finish coat for
three-coat cement plaster shall not be applied sooner than seven days after application of the second coat.
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R703.7 Stone and masonry veneer, general.

Stone and masonry veneer shall be installed in accordance with this chapter, Table R703.4 and Figure R703.7. These veneers mstalled over
a backing of wood or cold-formed steel shall be limited to the first story above-grade plane and shall not exceed 5 inches (127 mm) in
thickness. See Sectjon R602 10 for wall bracing requirements for masonry veneer for wood-framed construction and Section R603.9 5 for

wall bracing requirements for masonry veneer for cold-formed steel construction.

Exceptions:
1. For all buildings in Seismic Design Categories A, B and C, exterior stone or masonry veneer, as specified in Table R703.7(1),
with a backing of wood or steel framing shall be permitted to the height specified in Table R703.7(1) above a noncombustible
foundation,

2. For detached one- or two-family dwellings in Seismic Design Categories Dy, D and Do, exterior stone or masonry veneer, as
specified in Table R703.7(2), with a backing of wood framing shall be permitted to the height specified in Table R703.7(2) above a
noncombustible foundation.
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SEALANT
\-

FLASHING AND WEEPHOLES®

I waLLBOARD

—Ax ™™ WATER-RESISTIVE
MASONRY VENEER i BARRIER®
METAL TIE® '
WATER-RESISTIVE BARRIER® |
14N. AIR SPACE OR
14N. GROUTED SPACE® ==l SHEATHING

MASONRY VENEER =1

FLASHING WEEPHOLES" =
/f[ﬂ_,— -
‘ |—_|‘ p— ‘ \

—=Il=

For 3L 1inch =245 mm.

FIGURE R703.7 MASONRY VENEER WALL DETAILS

(continued)
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ROOFING \

WALLBOARD

=

MIN. CLEﬂ\RANCE_/

OF Y-IN.

1-IN. AIR SPACE OR

METAL TIE® ™~ 1-IN. GROUTED SPACE®

— iz A

WATER-RESISTIVE BARRIER®

WATER-RESISTIVE BARRIER' ; sy WALLBOARD
-
FLASHING' - | =

INSUALTION

. / BETWEEN STUDS

STEEL LINTEL®

WEEPHOLE®

SEALANT

MASONRY VENEER —% |

For 8L 1inch =254 mm.

a See Sections R703.7.5 BEV03.7.6 and BE703.8
b Zee Sections BV03 2 and EV03.7 4

c. 3ee Section BY037 4.2 and Table E703.7.4.
d. See Zection RF03.7 3

FIGURE R703.7—continued MASONRY VENEER WALL DETAILS

TABLE R703.7{(1) STONE OR MASONRY VENEER LIMITATIONS AND REQUIREMENT S, WOOD OR STEEL
FRAMING, SEISMIC DESIGIN CATEGORIES A, BAND C

NUMBEER,|
aF
MAXIMUMHEIGHT OF WOoOODOR
MMAXTMULL
SEISMIC waobD VENEER AROVE NG AL MAXTMUM STEEL-
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DESIGN OR NONCOMBUSTIBLE THICKNESS OF WEIGHT OF FRAMED
CATEGORY | STEEL- FOUNDATION? (fect) VENEER (inches) VENEER (psf)” STORY
FRAMED
STORIES
Steel: 1 or
AorB Wood: 1,2 30 5 50 all
or 3
1 30 5 50 1 only
2 30 5 50 - r:zp
c ottom
top
Wood 30 5 50 middle
only: 3
bottom

For 8I: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot = 0.479 kPa.

a. An additional 8 feet is permitted for gable end walls. See also story height limitations of Section R301.3

b. Maximum weight 15 mstalled weight and includes weight of mortar, grout, lath and other matenals used for installation. Where
veneer is placed on both faces of a wall, the combined weight shall not exceed that specified in this table.

TABLE R703.7(2) STONE OR MASONRY VENEER LIMITATIONS AND REQUIREMENTS, ONE- AND TWO-FAMILY
DETACHED DWELLINGS, WOOD FRAMING, SEISMIC DESIGN CATEGORIES Dy, Iy AND I,

MAXIMUM
HEIGHT OF MAXIMUM
e [NUMBER OF woob | X A | N pas o |MAXIMUM WEIGHT OF VENEER
i\ - - s A h KT b
CATEGORY | FRAMED STORIES™ | o NDATION OR VENEER (psf)
FOUNDATION (inches)
WALL (feet)
1 20¢ 4 40
Dy 2 20¢ 4 40
3 30d 4 40
| 20¢ 4 40
Dy 2 20 4 40
3 206 4 40
1 c 3 30
D, 20
2 20¢ 3 30

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, | pound per square foot = 0.479 kPa, 1 pound-force = 4.448 N.

a. Cripple walls are not permitted in Seismic Design Categories Dy, D and Ds.

b. Maximum weight is installed weight and includes weight of mortar, grout and lath, and other materials used for installation.

¢. The veneer shall not exceed 20 feet in height above a noncombustible foundation, with an additional 8 feet permitted for gable
end walls, or 30 feet in height with an additional & feet for gable end walls where the lower 10 feet has a backing of concrete or
masonry wall. See also story height limitations of Section R301.3.

d. The veneer shall not exceed 30 feet in height above a noncombustible foundation, with an additional 8 feet permitted for gable
end walls. See also story height hmitations of Section R30].3.

R703.7.1 Interior veneer support.
Veneers used as mterior wall fimshes shall be permitted to be supported on wood or cold-formed steel floors that are designed to
support the loads imposed.

R703.7.2 Exterior veneer support.
Except in Seismic Design Categories Dy, Dy and D, exterior masonry veneers having an installed weight of 40 pounds per square

foot (195 kgfmg) or less shall be permitted to be supported on wood or cold-formed steel construction. When masonry veneer
supported by wood or cold-formed steel construction adjoins masonry veneer supported by the foundation, there shall be a
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e International Residential Code for One- and Two-

Family Dwellings
o [2012 (Second Printing) ]
= Chapter 7 - Wall Covering

= SECTION R701 GENERAL
= SECTION R702 INTERIOR COVERING
= SECTION R703 EXTERIOR COVERING

R702.1 General.
R702.2 Interior plaster.

R702.3 Gypsum board.
R702.4 Ceramic tile.

R702.5 Other finishes.

R702.6 Wood shakes and shingles.
R702.7 Vapor retarders.

R702.1 General.

R702.2 Interior plaster.

R702.3 Gypsum board.

R702.4 Ceramic tile.

R702.5 Other finishes,

R702.6 Wood shakes and shingles.
R702.7 Vapor retarders.

Top Previous Section Next Section  To view the next subsection please select the Next Section option.

SECTION R702 INTERIOR COVERING

R702.1 General.

Interior coverings or wall finishes shall be installed in accordance with this chapter and Table R702.1(1),
Table R702.1(2), Table R702.1(3) and Table R702.3.5. Interior masonry veneer shall comply with the
requirements of Section R703.7.1 for support and Section R703.7.4 for anchorage, except an air space is

not required. Interior finishes and materials shall conform to the flame spread and smoke-development
requirements of Section R302.9.

TABLE R702.1(1) THICKNESS OF PLASTER

FINISHED THICKNESS OF
PLASTER FROM FACE OF LATH,

PLASTER| ny A\ SONRY, CONCRETE (inches)
BASE G

U Cement Plaster

Plaster
Expanded |5 .. 3 5 .. 2
siatal Taithi /g, minimum /g, minimum

3/, minimum
. . b
Wire lath | /g. minimum? (interion)
http://publicecodes. cyberregs.com/icod/irc/2012ficod_irc_2012_7_sec002.htm 1M
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7/g, minimum
(exterior)®
Gypsum 1) e 3/,, minimum
lathe /5, minimum .
at (1interior)
Masonry 1 .. 1, ..
¢ /5, minimum /5. minimum
walls
Monolithic
concrete ?/g, maximum 7;8__ maximum
wallse- 4
Monolithic
concrete  |°/¢. maximum® 1/, maximum

ceilings® ¢

Gypsum 3
= 1, . /4, minimum
veneer /16 minimum b
baseb & (interior)

3/ s

/4, minimum

Gypsum (intetior)P
sheathing® 7;’8, minimum

(cxl{:rior)b

For SI: 1 inch = 25.4 mm.

a. When measured from back plane of expanded metal lath, exclusive of nbs, or self-furring lath, plaster
thickness shall be 3.-’4 inch minimum.

b. When measured from face of support or backing.

¢. Because masonry and concrete surfaces may vary in plane, thickness of plaster need not be uniform.
d. When applied over a liquid bonding agent, finish coat may be applied directly to concrete surface.

e. Approved acoustical plaster may be applied directly to concrete or over base coat plaster, beyond the
maximum plaster thickness shown.

f. Attachment shall be in accordance with Table R702.3.5.
g. Where gypsum board 1s used as a base for cement plaster, a water-resistive barrier complying with

Section R703.2 shall be provided.

TABLE R702.1(2) GYPSUM PLASTER PROPORTIONS*

MAXIMUM VOLUME AGGREGATE PER
NUMBER coar | ! L%SRI E:ﬁ?hh 100 POUNDS NEAT PLASTERP (cubsic feet)
Damp Loose Sand® | Perlite or Vermiculite®
Base coat Gypsum lath 25 2
Two-coat work
Base coat Masonry 3 3
First coat Lath 2d 2

http/fpublicecodes. cyberregs.comcodire/201 2icod_jre_2012_7_sec002 htm
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Three-coat Second coat Lath 3d 2¢
work = 5
1rst an
second coats Masonry 3 3

For SI: 1 inch = 25.4 mm, 1 cubic foot = 0.0283 m>, 1 pound — 0.454 kg.

a. Wood-fibered gypsum plaster may be mixed in the proportions of 100 pounds of gypsum to not more
than 1 cubic foot of sand where applied on masonry or concrete.

b. When determining the amount of aggregate in set plaster, a tolerance of 10 percent shall be allowed.

¢. Combinations of sand and lightweight aggregate may be used, provided the volume and weight
relationship of the combined aggregate to gypsum plaster is maintained.

d. If used for both first and second coats, the volume of aggregate may be 2.5 cubic feet.

e. Where plaster is 1 inch or more in total thickness, the proportions for the second coat may be increased

to 3 cubic feet.

TABLE R702.1(3) CEMENT PLASTER PROPORTIONS, PARTS BY VOLUME

CEMENTITIOUS MATERIALS VOLUME OF
Portland AGGREGATE
Cement PER
CEMENT| T L II or III
COAT|PLASTER| 7 pp - Masonry e
or Plastic . SEPARATE
TYPE Cement Lime
Blended Cement |Cement Type M, S or N VOLUMES OF
Type Il;,SI PM), ’ CEMENTITIOUS
b
or 1(SM) MATERIALS
Portland or 3 1/ a 1
blended ! -1 2hd
First | Masonry 1 21/, -4
Plastic 1 21/2 -4
Portland or 3 1
blended ! 41 .
Second Masonry 1 3.5
Plastic 1 3-5
Portland or 3 1
blended ! 4-2 -3
Finish | Masonry 1 11/,-3
Plastic 1 11,-3

For SI: 1 inch = 25.4 mm, 1 pound = 0.545 kg.

a. Lime by volume of 0 to 3/4 shall be used when the plaster will be placed over low-absorption surfaces
such as dense clay tile or brick.
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b. The same or greater sand proportion shall be used in the second coat than used in the first coat.

R702.2 Interior plaster.

R702.2.1 Gypsum plaster.

Gypsum plaster materials shall conform to ASTM C 5, C 22, C 28, C 35, C 59, C 61, C 587, C 631,
C 847, C 933, C 1032 and C 1047, and shall be installed or applied in compliance with ASTM C
843 and C 844. Gypsum lath or gypsum base for veneer plaster shall conform to ASTM C 1396.
Plaster shall not be less than three coats when applied over metal lath and not less than two coats
when applied over other bases permitted by this section, except that veneer plaster may be applied

in one coat not to exceed 3/16 inch (4.76 mm) thickness, provided the total thickness is in
accordance with Table R702.1(1).

R702.2.2 Cement plaster.

Cement plaster materials shall conform to ASTM C 91 (Type M, S or N), C 150 (Type L, II and III),
C 595 [Type IP, I (PM), IS and I (SM), C 847, C 897, C 926, C 933, C 1032, C 1047 and C 1328,
and shall be installed or applied in compliance with ASTM C 1063. Gypsum lath shall conform to
ASTM C 1396. Plaster shall not be less than three coats when applied over metal lath and not less
than two coats when applied over other bases permitted by this section, except that veneer plaster
may be applied in one coat not to exceed >/ 16 inch (4.76 mm) thickness, provided the total thickness

is in accordance with Table R702.1(1).

R702.2.2.1 Application.
Each coat shall be kept in a moist condition for at least 24 hours prior to application of the next
coat.

Exception: Applications installed in accordance with ASTM C 926.

R702.2.2.2 Curing.

The finish coat for two-coat cement plaster shall not be applied sooner than 48 hours after
application of the first coat. For three coat cement plaster the second coat shall not be applied
sooner than 24 hours after application of the first coat. The finish coat for three-coat cement plaster
shall not be applied sooner than 48 hours after application of the second coat.

R702.2.3 Support.
Support spacing for gypsum or metal lath on walls or ceilings shall not exceed 16 inches (406 mm)

for 3/g-inch-thick (9.5 mm) or 24 inches (610 mm) for 1/z-inch-thiok (12.7 mm) plain gypsum lath.

Gypsum lath shall be installed at right angles to support framing with end joints in adjacent courses
staggered by at least one framing space.

R702.3 Gypsum board.

R702.3.1 Materials.

All gypsum board materials and accessories shall conform to ASTM C 22, C 475, C 514, C 1002, C
1047, C 1177, C 1178, C 1278, C 1396 or C 1658 and shall be installed 1n accordance with the
provisions of this section. Adhesives for the installation of gypsum board shall conform to ASTM C
557.
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SECTION N1101 GENERAL

. 2 sul
b [ gz 3 [B!QZ 3] [ enestration fEm '!'[]‘HI]‘! e)
N1102.4 (R402.4) Air leakage (Mandatory).

NI1102.5 (R402.5) Maximum fenestration

NI1102.1 (R402.1) General (Prescriptive).
N1102.2 (R402.2) Specific i i

ific in

sulation r

2.3 F stratiol
ir leakage (Mandatory.
N1102.5 (R402.5) Maximum fenestration

102, 40

Top Previous Section Next Section

SECTION N1102 BUILDING THERMAL ENVELOPE

N1102.1 (R402.1) General (Prescriptive).
The building thermal envelope shall meet the requirements of Sections N1102.1.1 through N1102.1.4.

N1102.1.1 (R402.1.1) Insulation and fenestration criteria.
The building thermal envelope shall meet the requirements of Table N1102.1.1 based on the climate zone specified in Section N1101.10.

SECTION N1102 BUILDING THERMAL ENVELOPE
CTION N1103 SYSTEMS

To view the next subsection please select the Next Section option.

TABLE N1102.1.1 (R402.1.1) INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT?

WOOD | niagg sLABY [CRAWL
CLIMATE|FENESTRATION|s iy LIGHT o CEAZED | o1 ING|FRAME |y 1, [FLOOR|BASEMENTS| R-  SPACES
ZONE | U.FACTOR® | U-FACTOR || o TRATION|p vaLue| WALL | k- R- WALL  |VALUE| WALL
SHGCh‘e R- VALUEi VALUE| R-VALUE & R-
VALUE DEPTH| VALUE
1 NR 0.75 0.25 30 E 34 3 0 0 0
2 0.40 0.65 0.25 38 E 46 I3 0 0 0
< ] . 200r 13 : ]
3 0.33 0.55 0.23 38 | 813 ] 19 s/13f o | sn3
200r 13
Actucpt 035 0.55 0.40 49 T s |19 013 (10,20 1013
Marine +5
5 and - 200r13 _
2
iy 032 0.55 NR 49 e | 1317 | 30 1519|102t 1519
—
6 0.32 0.55 NR 49 ?;f“;’h’ 1520 | 302 1519 |10,a1| 1519
—
7and 8 0.32 0.55 NR 49 zlgf[;h’ 1921 | 3ge 1519 | 10,41 | 1519

For SI: | foot = 304.8 mm.
a. R-values are minimums. U-factors and SHGC are maximums. When insulation is installed in a cavity which is less than the label or design
thickness of the insulation, the installed R-value of the insulation shall not be less than the R-value specified in the table.
b. The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration.
Exception: Skylights may be excluded from glazed fenestration SHGC requirements in Climate Zones 1 through 3 where the SHGC for such
skylights does not exceed 0.30.
c. "15/19” means R-15 continuous insulation on the interior or exterior of the home or R-19 cavity insulation at the interior of the basement
wall. "15/19” shall be permitted to be met with R-13 cavity insulation on the interior of the basement wall plus R-5 continuous insulation on
the interior or exterior of the home. "10/13™ means R-10 continuous insulation on the interior or exterior of the home or R-13 cavity insulation
at the interior of the basement wall.
d. R-5 shall be added to the required slab edge R-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever
is less in Zones 1 through 3 for heated slabs,
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e, There are no SHGC requirements in the Marine Zone.
f. Basement wall insulation is not required in warm-humid locations as defined by Figure N1101.10 and Table N1101.10.
2. Or insulation sufficient to fill the framing cavity, R-19 minimum.
h. First value is cavity insulation, second is continuous insulation or insulated siding, so "13 + 57" means R-13 cavity insulation plus R-5
continuous insulation or insulated siding, If structural sheathing covers 40 percent or less of the exterior, continuous insulation R-value shall be
permitted to be reduced by no more than R-3 in the locations where structural sheathing is used — to maintain a consistent total sheathing
thickness.
i. The second R-value applies when more than half the insulation is on the interior of the mass wall.

N1102.1.2 (R402.1.2) R-value computation.

Insulation material used in layers, such as framing cavity insulation and insulating sheathing, shall be summed to compute the component B-
value. The manufacturer’s settled R-value shall be used for blown insulation. Computed R-values shall not include an R-value for other building
materials or air films.

N1102.1.3 (R402.1.3) U-factor alternative.

An assembly with a U-factor equal to or less than that specified in Table N1102.1.3 shall be penmitted as an alternative to the R-value in Table
N1102.1.1.

TABLE N1102.1.3 (R402.1.3) EQUIVALENT U-FACTORS?®

reny| CRAWL
‘RAME | MASS -
CLIMATE|FENESTRATION|SKYLIGHT| CEILING | S&ME | i | proor  [BASEMENT| “space
ZONE | U-FACTOR |U-FACTOR|U-FACTOR| WL Ll P60 L JU-FACTOR| e o | WALL
U-FACTOR
1 050 075 0035|0082 0197 0.064 0360 0477
P 0.0 065 0030|0082 0.165 0.064 0360 0477
3 035 055 0030 | 0057 0.098 007 | o0.001° 0.136
4 except 0.35 0.55 0.026 0.057 0.098 0.047 0.059 0.065
Marine
5 and
i 032 055 0026 | 0057 0.082 0.033 0.050 0.055
Marine 4
6 0.32 0.55 0.026 (0.048 0.060 0.033 0.050 0.055
7and8 032 055 0026|0048 0.057 0.028 0.050 0.055

a. Nonfenestration U-factors shall be obtained from measurement, caleulation or an approved source,

b. When more than half the insulation is on the interior, the mass wall U-factors shall be a maximum of 0.17 inZone 1, 0.14 in Zone 2, 0.12 in
Zone 3, 0,087 in Zone 4 except Marine, 0.065 in Zone 5 and Marine 4, and 0.057 in Zones 6 through 8.

¢. Basement wall U-factor of 0.360 in warm-humid locations as defined by Figure 301.1 and Table 301.1.

N1102.1.4 (R402.1.4) Total UA alternative.

If the total building thermal envelope UA (sum of U-factor times assembly area) is less than or equal to the total UA resulting from using the U-
factors in Table N1102.1.3 {multiplied by the same assembly area as in the proposed building), the building shall be considered in compliance
with Table N1102.1.1. The UA calculation shall be done using a method consistent with the ASHRAE Handbook of Fund, Ix and shall
in¢lude the thermal bridging effects of framing materials, The SHGC requirements shall be met in addition to UA compliance,

N1102.2 (R402.2) Specific insulation requirements (Prescriptive).
In addition to the requirements of Section W1102.1, insulation shall meet the specific requirements of Sections W1102.2.1 throngh M1102.2.12.
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N1102.2.1 (R402.2.1) Ceilings with attic spaces.

When Secton N1102.1.1 would require R-38 in the ceiling, R-30 shall be deemed to satisfy the requirement for R-38 wherever the full height of
uncompressed R-30 insulation extends over the wall top plate at the eaves, Similarly, R-38 shall be deemed to satisfy the requirement for R-42
wherever the full height of uncompressed R-38 insulation extends over the wall top plate at the eaves. This reduction shall not apply to the L-
factor alternative approach in Secton N1102.1.3 and the total UA alternative in Secton N1102.1.4,

N1102.2.2 (R402.2.2) Ceilings without attic spaces.

Where Secton N1102.1.1 would require insulation levels above R-30 and the design of the roof/ceiling assembly does not allow sufficient space
for the required insulation, the minimum required insulation for such rooffeeiling assemblies shall be R-30. This reduction of insulation from
the requirements of Secton N1102.1.1 shall be limited to 500 square feet (46 m:) or 20 percent of the total insulated ceiling area, whichever is
less. This reduction shall not apply to the U-factor alternative approach in Secton N1102.1.3 and the total UA alternative in Secton N1102.1.4.

N1102.2.3 (R402.2.3) Eave baffle.

For air permeable insulations in vented attics, a baffle shall be installed adjacent to soffit and eave vents. Baffles shall maintain an opening
equal or greater than the size of the vent. The baffle shall extend over the top of the attic insulation. The baffle shall be permitted to be any solid
material.

N1102.2.4 (R402.2.4) Access hatches and doors.
Access doors from conditioned spaces to unconditioned spaces (¢.g., attics and crawl spaces) shall be weatherstripped and insulated to a level
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equivalent to the insulation on the surrounding surfaces. Access shall be provided to all equipment that prevents damaging or compressing the
insulation. A wood framed or equivalent baffle or retainer is required to be provided when loose fill insulation is installed, the purpose of which
is to prevent the loose fill insulation from spilling into the living space when the attic access is opened, and to provide a permanent means of
maintaining the installed R-value of the loose fill insulation.

N1102.2.5 (R402.2.5) Mass walls.
Mass walls for the purposes of this chapter shall be considered above-grade walls of concrete block, conerete, insulated concrete form (ICF),
masonry cavity, brick (other than brick veneer), earth (adobe, compressed earth block, rammed earth) and solid timber/logs.

N1102.2.6 (R402.2.6) Steel-frame ceilings, walls, and floors.
Steel-frame ceilings, walls, and floors shall meet the insulation requirements of Table N1102.2.6 or shall meet the U-factor requirements of
Table N1102.1.3. The calculation of the U-factor for a steel-frame envelope assembly shall use a series-parallel path calculation method.

TABLE N1102.2.6 (R402.2.6) STEEL-FRAME CEILING, WALL AND FLOOR INSULATION (R-VALUE)

COLD-FORMED

VORVALUE | poySTERL
- EQUIVALENT R-
REQUIREMENT
Q VALUE?
Steel Truss Ceilingsb
R-380r R-30 + 3 or
R-30 R-26+5
R-38 R-49 orR-38 +3
R-49 R-38+5
Steel Joist Ceilings®
R-38in2x40r2x6
R-30 or2 x 8 R-49

in any framing

R-49in2 x4o0r2 =6

or2x8or2x10
Steel-Framed Wall, 16" o.c.
R-13+420r R-19+
2.1orR-21+28or
R-0+930orR-15+

380rR-21+31
R-O0+1120rR-13+
6.1orR-15+570r
R-19+500r R-21 +

47

R-0+140crR-13+
890rR-15+850r
R-19+ 780arR-19+
620rR-21+75
R-13+12.7 or R-15
+1230rR-19+11.6
R-20+5 or
R-21+11.30rR-25+
10.9
R-0+14.60r R-13+
95orR-15+91or
R-19+84arR-21+
81orR-25+77

Steel-Framed Wall, 24" o.c.
R-0+930rR-13+
300rR-15+24
R-O0+1120rR-13+
490rR-15+430r
R-19+350rR-21+
3.1

R-0+14.0or R-13+
7701 R-15+7.1lor
R-19+ 63 0or R-21 +
59
R-13+1L.50r R-15+
109 orR-19+10.1
R-20+5 or

R-38

R-13

R-13+3

R-20

R-21

R-13

R-13+3

R-20
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R-21+ 9.7 or R-25+
9.1

R-0+14.6 or R-13 +

830rR-15+7.70r

R-19+ 6.9 or R-21 +
6.50rR-25+ 59

Steel Joist Floor
R-19in2 = 6, or R-19

R-13 +6in2%8or2x 10
R-19+6in2 = 6, or
R-19 R-19+12in2 = Bor

2x10

a. Cavity insulation R-value is listed first, followed by continuous insulation R-value,

b. Insulation exceeding the ht of the framing shall cover the framing.
N1102.2.7 (R402.2.7) Floors.
Floor insulation shall be installed to maintain permanent contact with the underside of the subfloor decking.

N1102.2.8 (R402.2.8) Basement walls.

Walls associated with conditioned basements shall be insulated from the top of the basement wall down to 10 feet (3048 mm) below grade or to
the basement floor, whichever is less. Walls associated with unconditioned basements shall meet this requirement unless the floor overhead is
insulated in accordance with Sections N1102.1.1 and N1102.2.7.

N1102.2.9 (R402.2.9) Slab-on-grade floors.

Slab-on-grade floors with a floor surface less than 12 inches (305 mm) below grade shall be insulated in accordance with Table N1102.1.1, The
insulation shall extend downward from the top of the slab on the outside or inside of the foundation wall. Insulation located below grade shall
be extended the distance providad in Table N1102.1.1 by any combination of vertical insulation, insulation extending under the slab or
insulation extending out from the building. Insulation extending away from the building shall be protected by pavement or by a minimum of 10
inches (254 mm) of soil. The top edge of the insulation installed between the exterior wall and the edge of the interior slab shall be permitted to
be cut at a 45-degree (0.79 rad) angle away from the exterior wall, Slab-edge insulation is not required in jurisdictions designated by the
building official as having a very heavy termite infestation.

N1102.2.10 (R402.2.10) Crawl space walls,

As an alternative to insulating floors over crawl spaces, crawl space walls shall be permitted to be insulated when the crawl space is not vented
to the outside. Crawl space wall insulation shall be permanently fastened to the wall and extend downward from the floor to the fimshed grade
level and then vertically and/or horizontally for at least an additional 24 inches (610 mm). Exposed earth in unvented crawl space foundations
shall be covered with a continuous Class [ vapor retarder in accordance with this code. All joints of the vapor retarder shall overlap by 6 inches
(153 mm) and be sealed or taped. The edges of the vapor retarder shall extend at least 6 inches (153 mm) up the stem wall and shall be attached

to the stem wall.

N1102.2.11 (R402.2.11) Masonry veneer.

Insulation shall not be required on the horizontal portion of the foundation that supports a masonry veneer.

N1102.2.12 (R402.2.12) Sunroom insulation.
All surrooms enclosing conditioned spaces shall meet the insulation requirements of this code.

Exception: For sunrooms with thermal isolation, and enclosing conditioned spaces, the following exceptions to the insulation requirements of
this code shall apply:
1. The minimum ceiling insulation R-values shall be B-19 in Zones 1 through 4 and R-24 in Zones 5 through 8; and

Jovd

! space shall

2. The minimum wall R-value shall be R-13 in all zones. Wall(s) separating a surroom with a thermal isolation from
meet the building thermal envelope requirements of this code.

N1102.3 (R402.3) Fenestration (Prescriptive).
In addition to the requirements of Secton N 1102, fenestration shall comply with Sections M1102.3.1 through N1102.3.6
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N1102.3.1 (R402.3.1) U-factor.
An area-weighted average of fenestration products shall be permitted to satisfy the U-factor requirements.

N1102.3.2 (R402.3.2) Glared fenestration SHGC.
An area-weighted average of fenestration products more than 50-percent glazed shall be permitted to satisfy the SHGC requirements.

N1102.3.3 (R402.3.3) Glazed fenestration exemption.

Up to 15 square feet (1.4 m?) of glazed fenestration per dwelling unit shall be permitted to be exempt from U-factor and SHGC requirements in
Secton N1102.1.1. This exemption shall not apply to the U-factor alternative approach in Secton N1102.1.3 and the Total UA alternative in
Secton N1102.1.4.

N1102.3.4 (R402.3.4) Opaque door exemption.
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One side-hinged opaque door assembly up to 24 square feet (2.22 m?) in area is exempted from the T7-factor requirement in Secton N1102.1.1.
This exemption shall not apply to the U-factor alternative approach in Secton N1102.1.3 and the total UA alternative in Secton N1102.1.4.

N1102.3.5 (R402.3.5) Sunroom U-factor.
All sunrooms enclosing conditioned spaces shall meet the fenestration requirements of this code.

Exception: For simrooms with thermal isolation and enclosing conditioned spaces, in Zones 4 through &, the following exceptions to the
fenestration requirements of this code shall apply:

1. The maximum fenestration I/-factor shall be 0.45; and

2. The maximum skylight U-factor shall be 0.70, New fenestration separating the swwwoom with thermal isolation from conditioned space shall
meet the building thermal envelope requirements of this code.

N1102.3.6 (R402.3.6) Replacement fenestration.
Where some or all of an existing fenestration unit is replaced with a new fenestration produet, including sash and glazing, the replacement
fenestration unit shall meet the applicable requirements for U-factor and SHGC in Table N1102.1.1.

N1102.4 (R402.4) Air leakage (Mandatory).
The building thermal envelope shall be constructed to limit air leakage in accordance with the requirements of Sections N1102.4.1 through N1102.4.4.

N1102.4.1 (R402.4.1) Building thermal envelope.
The building thermal envelope shall comply with Sections N1102.4.1.1 and N1102.4.1.2. The sealing methods between dissimilar materials

shall allow for differential expansion and contraction.

N1102.4.1.1 (R402.4.1.1) Installation.

The components of the building thermal envelope as listed in Table N1102.4.1.1 shall be installed in accordance with the manufacturer’s
instructions and the criteda listed in Table N1102.4.1.1, as applicable to the method of construction. Where required by the building official, an
approved third party shall inspect all components and verify compliance.

TABLE N1102.4.1.1 (R402.4.1.1) AIR BARRIER AND INSULATION INSTALLATION

COMPONENT CRITERIA®

A continuous air barrier shall be installed in the building envelope.
Exterior thermal envelope contains a confinuous air barrier,
Breaks or joints in the air barrier shall be sealed.

Air-permeable insulation shall not be used as a sealing material.

Adr barrier and thermal
barrier

The air barrier in any dropped ceiling/soffit shall be aligned with the
insulation and any gaps in the air barrier sealed.

Access openings, drop down stair or knee wall doors to
unconditioned attic spaces shall be sealed.

Corners and headers shall be insulated and the junction of the
foundation and sill plate shall be sealed.

The junction of the top plate and top of exterior walls shall be sealed.
Exterior thermal envelope insulation for framed walls shall be
installed in substantial contact and continuous aligrmment with the air

Ceiling/attic

Walls

barrier.

Knee walls shall be sealed.
Windows, skylights and The space between window/door jambs and framing and skylights
doors and framing shall be sealed.

Rim joists

Eim joists shall be insulated and include the air barrier.

Floors (including above-
zarage and cantilevered
floors)

Insulation shall be installed to maintain permanent contact with
underside of subfloor decking.
The air barrier shall be installed at any exposed edge of insulation.

Crawl space walls

Where provided in lieu of floor insulation, insulation shall be
permanently attached to the crawlspace walls.

Exposed earth in unvented crawl spaces shall be covered with a Class
I vapor retarder with overlapping joints taped.

Shafts, penetrations

Duet shafts, utility penetrations, and flue shafts opening to exterior or
unconditioned space shall be sealed.

Marrow cavities

Batts in narrow cavities shall be cut to fit, or narrow cavities shall be
filled by insulation that on installation readily conforms to the
available cavity space.

Garage separation

Air sealing shall be provided between the garage and conditioned
spaces,

Recessed lighting

Recessad light fixtures installed in the building thermal envelope
shall be air tight, [C rated, and sealed to the drywall.
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, . Batt insulation shall be cut neatly to fit around wiring and plumbing
Plumbing and wiring in exterior walls, or insulation that on installation readily conforms to
available space shall extend behind piping and wiring.

Exterior walls adjacent to showers and tubs shall be insulated and the

Shower/tub on exterior wall air barrier installed separating them from the showers and tubs.

Electrical/phone box on The air barrier shall be installed behind electrical or communication
exterior walls boxes or air-sealed boxes shall be installed.

HVAC register boots that penetrate building thermal envelope shall

HVAC register boots be sealed to the subfloor or drywall.

- An air barrier shall be nstalled on fireplace walls. Fireplaces shall
Fireplace

have gasketed doors.

a. In addition, inspection of log walls shall be in accordance with the provisions of ICC-400,

N1102.4.1.2 (R402.4.1.2) Testing.

The bunlding or dwelling unt shall be tested and verified as having an air leakage rate of not exceeding 3 air changes per hour in Zones 1 and 2,

and 3 air changes per hourin Zones 3 through 8. Testing shall be condueted with a blower door at a pressure of 0.2 inches w.g. (50 Pascals).
Where required by the building official, testing shall be condueted by an approved third party. A written report of the results of the test shall be
signed by the party conducting the test and provided to the building official. Testing shall be performed at any time after creation of all
penetrations of the building thermal envelope.

During testing:

1. Exterior windows and doors, fireplace and stove doors shall be closed, but not sealed, beyond the intended weatherstripping or other
infiltration control measures;

2. Dampers including exhaust, intake, makeup air, backdraft and flue dampers shall be closed, but not sealed bevond intended infiltration
control measures;

3. Interior doors, if installed at the time of the test, shall be open,

4, Exterior doors for continuous ventilation systems and heat recovery ventilators shall be closed and sealed;
5. Heating and cooling systems, if installed at the time of the test, shall be turned off; and

6. Supply and return registers, if installed at the time of the test, shall be fully open.

N1102.4.2 (R402.4.2) Fireplaces.
New wood-burning fireplaces shall have tight-fitting flue dampers and outdoor combustion air.

N1102.4.3 (R402.4.3) Fenestration air leakage.

Windows, skvlights and sliding glass doors shall have an air infiltration rate of no more than 0.3 ¢fim per square foot (1.5 La’s."mz), and swinging
doors no more than 0.5 efin per square foot (2.6 L/s/m?), when tested according to NFRC 400 or AAMA/WDMA/CSA 101/1.5.2/A440 by an
accredited, independent laboratory and listed and labeled by the mamufacturer,

Exception: Site-built windows, skylights and doors.

N1102.4.4 (R402.4.4) Recessed lighting.

Recessed luminaires installed in the building thermal envelope shall be sealed to limit air leakage between conditioned and unconditioned
spaces. All recessed luminaires shall be [C-rated and labeled as having an air leakage rate not more than 2.0 cfin (0.244 L/s) when tested in
accordance with ASTM E 283 at a 1.57 psf (75 Pa) pressure differential. All recessed luminaires shall be sealed with a gasket or caulk between
the housing and the interior wall or ceiling covering.

N1102.5 (R402.5) Maximum fenestration U-factor and SHGC (Mandatory).

The area-weighted average maximmun fenestration U-factor permitted using tradeoffs from Secton MN1102.1.4 or N1105 shall be 0.48 in Zones 4 and 5
and 0.40 in Zones 6 through & for vertical fenestration, and 0.75 in Zones 4 through & for skylights. The area-weighted average maxinmm fenestration
SHGC permitted using tradeoffs from Secton M1105 in Zones 1 through 3 shall be 0.50.

To view the next subsection please select the Next Section option.

Top Next Section
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