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Introduction:

The requirement for bracing conventional wood frame dwellings is not new. For years, homes have been
successfully braced using a variety of techniques, even before the first building codes in the United States
required it. Conventional wood frame dwellings must be adequately braced to resist lateral (racking) forces due
to wind and earthquakes. To achieve this structural safety objective, several wall bracing options and
requirements are offered prescriptively in the 2009 International Residential Code IRC Section R602.10, Wall
Bracing. While the growing number of bracing options and requirements has created some confusion,
understanding the many options and using them efficiently provides many advantages. Also, the 2008 IRC has
improved the presentation of wall bracing requirements by use of many illustrations and a re-formatting of the
provisions.

The main objective of this Guide is to provide designers, code officials and builders with a basic understanding
of how to apply the IRC bracing provisions for code-compliant dwellings. A second objective is to demonstrate
how the IRC bracing provisions can be used to create maximum value in a diverse housing market.

The prior version of this Guide, Version 2.1, updated the content provided in earlier versions to include the
many changes to wall bracing provisions that occurred with the release of the 2009 /RC. Due fo the extensive
nature of the revisions, no aftempt was made to maintain the provisions of the 2003 and 2006 IRC. For
guidelines relating to these versions, see Version 1.0. Many of the "beyond code” solutions and code
corrections inciuded in Version 1.0 have now been addressed in the 2009 /RC. Version 3.0 is provided to make
minor revisions and updates pending a future update fo the 2015 IRC expected to occur in 2018,

The Guide is divided into six sactions intended to supplement and enhance the IRC wall bracing provisions:
Section 1: Basic Cancepts for Code-Compliant Wall Bracing
Section 2: Wall Bracing Methods
Section 3: Applying the Code
Section 4: ‘Beyond Code’ Bracing Solutions
Section 5: Wall Bracing Options for Foam-Sheathed Wall Systems
Section 6: Resources and References

In addition, Appendix A to this Guide provides a useful wall bracing design and plan chack worksheet. Use of
this worksheet is demonstrated in a separate design example supplement to this Guide. Appendix B
demonstrates a simple and efficient engineering-based approach to application of the IRC bracing provisions
by design professionals. Appendix C of this Guide offers two complete wall bracing design examples. Appendix
D provides technical guidance for using foam sheathing in an appropriate manor.

Notice:

Refer to the Disclaimer at the end of this Guide. It is the user’s responsibility to determine fitness of use of
any information provided in this guide. The Guide is based on the 2009 Edition of the International Residential
Code (IRC). However, the concepts and principles and many of the requirements apply similarly for the 2012,
2015, and 2018 editions of the IRC.

ABTGRR No. 1601-01
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Section 1; Basic Concepfs for Code-Compliant Wall Bracing

1.1 Why is Wall Bracing Needed?

Wall bracing provides racking resistance against horizonta! (lateral) racking loads from wind and earthquakes
and prevents the wall studs from distorting in the plane of the wall {(racking) in "domino fashion” thus, preventing
building collapse. As shown in Figure 1, racking locads on a building are considered to act separately in two
perpendicular plan directions (i.e., N-S and E-W or front-rear and left-right). At least two wall lines parallel to
each plan direction (and on opposite sides of the building) must be designed fo resist potential racking loads.

ADEGUATE BRACING WADEQUATE 2RACIHE
{CODE COMPLINT} 0K COMPLIANT )

- ARAGEDWALLUNERD
ENE $TORY ][]

BRACEDWALL LINE#3

{357 STORY} i I—I

Figure 1: Wall Bracing and Racking Forces

1.2 How does Wall Bracing Work?

When bracing a wall, code-compliant bracing elements or *braced wall panels! are located in required amounts
on wall lines that are required to resist racking loads, known as "braced wall lines!. For simplicity, building
codes have developed prescriptive bracing strategies that lock only at designated “braced wall lines" and
individual “braced wall panels” on those braced wall lines; in reality, walls act as a system in resisting racking
forces, where nearly every component and wall segment provides some racking resistance.

The entire building - wall, floor and roof assemblies - interact to resist and distribute racking loads (Crandell &
Kochkin, 2003). The minimum bracing requiremenis of the IRC modesily incorporate some of this whole-
building system effect (Crandell, 2007; Crandell and Martin, 2009). While standard interior partition walls also
contribute to racking resistance, the /RC does not account for their contribution. In addition, roof and floor
diaphragms help distribute racking loads from walls with less bracing to those with more bracing. By considering
only designated braced wall lines without considering the complete building system as a whole, the IRC bracing
provisions generally result in conservative solutions. For example, if an individual braced wall line (e.g., garage
opening wall) is deemed 'non-compliant’ when strictly applying the /RC, it may actually be acceptable from the
standpoint of the entire building system. To make practical use of these building system performance realities
requires solutions that go beyond the simple assumptions that a prescriptive code or engineering code is based
upon. Refer to Section 4: ‘Beyond Code' Bracing Solutions and Section 6: Resources and References for
additional support and resources.

Each braced wall line requires differant amounts of bracing depending on the individual share of the racking
load acting on the building as a whole (Figure 1). The amount of bracing required for a given wall line depends
on design factors listed:

15ee Section 1.5 Definitions and Section 1.6 Key Cancepts & Rules for details.
ABTGRR No. 1601-01
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Design Factor = Comment ==
The design wind or earthquake | Buildings in higher hazard areas with large design wind speeds or earthquake
load {magnitude of hazard). ground motions, experience greater potential racking load.

Walls supporting multiple stories have greater racking loads than those supporting
only a roof, Lower story walls serve fo resist an accumulation of lateral load from
uppar story levels that must be passad down to the foundation and then to earth,
much the same way that gravity (vertical) loads have a load path,

The size of the building and how
many stories are supported by a
braced wall lihe.

For buildings that have widely-spaced wall lines and large interior open areas, the
racking load shared by each wall line is increased relative fo a building that has
many closely-spaced wall lines in each plan direction.

The spacing between braced wall
lines.

The method of bracing will also determine how much bracing is needed. Some
matheds allow for less bracing and narrower braced wall panals in comparison to
The type or mathod of wall bracing | other methods that require more bracing and wider braced wall panels to achiave
used (strength of bracs). equivalent performance {i.e., racking resistance meeting or exceeding racking
load). When used in accordance with code, all bracing methods and materials
provide raughly equivalent performance.

1.3 When Should | Consider Wall Bracing?

The design factors impact the amount of space available on a given wall for placing windows, doors and other
non-bracing sheathing products such as insulating foam sheathing used for energy-code compliance or
enhanced energy-saving performance?. Wall bracing can affect other important architectural objectives or
design requirements and should be considered as early as possible in the building design process. In addition,
the IRC requires information to be included within building plans to obtain a building permit:

IRC Section R106.1.1 Information on construction documents. Whera required by the building official, all braced wall
lines, shall be identified on the construcfion documents and all pertinent information including, but not fimited to, bracing
methods, location and length of braced wall panels, foundation requirements of braced wall panels at top and bottom shall
be provided.

Plan Ahead! In the building planning stages, a simple plan adjustment often makes
the difference between an efficient, code-compliant bracing plan and one that is
inefficient or non-compliant. In some cases, an engineered solution may be required
where the IRC prescriptive solutions are insufficient for the architectural requirements.
Planning ahead by using this Guide and the IRC bracing provisions will help turn
bracing challenges into solutions that are efficient, practical, and code-compliant.

1.4 Scope Limitafions
This Guide is limited to the following use conditions:

International Residential Code, 2009 Edition?®

Conventional wood frame construction

One- and two-family dwellings of no more than three-stories?

Design wind speed of less 110 mph (3 second gust)

Seismic Design Category (SDC) of A/B/C per [RC Section R301.2(2)

2 Use of confinuous wood structural panel bracing or propristary insulated structural sheathing panels are often used te aveid conflicts with use of foam sheathing and a
sufficient amount of intemmittent braces, althcugh this may not be an issue for many small, affordable homes.

3 Much of the content of this guide is also relevant to the 2012, 2015, and 2018 editions of the IRC; however, section number referencing and possitle technical changes
should be verified.

4Townhouses in SDC C are excluded from this guide because additional seismic design Emitations in JRC Section R301.2.2 and Section R602.10 apply and are outside
the scope of this guide. However, this requirement is not scienfifically justified given that wind and seismic forces do nof change based on building oceupancy and the
same structural and bracing requirements must be satisfied regardless of a dwelling’s classification as single-family detached or single-family aitached {townhouse)
construction. b some cases, this limifation for townhouses in SBC C has been waived by local code amendment or by appreved desian. n fact, the limitations of /[RC
Section R301.2.2 for building irregularities (constraints on configuration) do nat apply to conventional censtruction in 1BC Section 2308 unt the next higher seismic design
category, SDC B.

ABTGRR No. 1601-01
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This Guide is intended to be a helpful companion to the fRC for typical wall bracing applications in the lower
wind and seismic hazard regions of the U.S. Within the above scope limitations, the user should use both
documents side by side. Therefore, this document references relevant sections within the 2009 [IRC. Also, this
Guide is not an exhaustive treatment of the /RC wall bracing provisions. In no case should any information in
this Guide be taken to supersede the intent or specific requirements of the 2009 /RC or the locally applicable
building code including lacal amendments to the /RC, if any.

By limiting the scope to lower wind and seismic conditions, the IRC bracing provisions and this Guide are
simplified. But, they still cover the majority of conditions in the United States. To identify your specific seismic
and wind speed location, see [RC Figure R301.2(2) Seismic Design Categories and /RC Figure R301.2(4)
Basic Wind Speeds for 50 year Mean Recurrence Interval. In addition, the building site's wind exposure
category (B-suburban/wooded, C-apen terrain, D-coastal) must be identified per IRC Section R301.2.1.4 and
the mapped design wind speed must adjusted for topographic wind speed-up effects as applicable per IRC
Section R301.2.1.5.

1.5 Definitions
The following definitions explain some important terms used throughout the /RC bracing requirements and this
Guide. Refer also to [RC Chapter 2.

Braced Wall Line, A straight line through the building plan that represents the location of the lateral
resistance provided by the wall bracing.

Braced Wall Line, continuously sheathed. A braced wall line with structural sheathing applied to all
sheathable surfaces including the areas above and below openings.

Braced Wal! Line, Intermittent Bracing. A braced wall line with discrete structural sheathing panels
or braces provided only at specified locations and not requiring cantinuous structural sheathing on
other portions of a wall.

Braced Wall Panels. A full-height section of wall constructed in compliance with an approved bracing
method to resist in-plane shear loads through interaction of framing members, bracing materials,
connections and anchors.

1.6 Key Concepts and Rules
This section presents a number of key concepts and rules that are fundamental to understanding and correctly
applying the /RC bracing provisions.

Braced Wall Line (/RC Section R602.10.1) — Walls that are braced to resist racking are identified as braced
wall fines (BWLs) on building plans as shown in Figures 1 and Figure 2. Generally, all exterior walls are
considered to be part of a braced wall line {dashed lines in Figure 2) and are required to be properly braced
with braced wall panels (BWPs). Although not always required, interior walls also may be used as braced wall
lines to minimize the amount of bracing required on exterior walls or to comply with the maximum 60-ft braced
wall line spacing addressed in the /RC provisions.

There are several rules and limitations for designating the layout of individual braced wall lines on each story
level and each plan direction of a building. These rules are intended to accommodate building plans that are
not perfectly rectangular with wall lines that contain offsets (i.e., are not in a single straight line). Two important
rules are as follows:

BWL Offset Rule (/RC Section R602.10.1.4) - Figure 2 ilustrates limitations on the permissible off-set
of braced wall panels in off-set portions of a designated braced wal line.

BWL End Rule (/RC Section R602.10.1) — The end of a braced wall line can be determined in two
ways as shown in Figure 2. The end may occur at the intersection of a perpendicular exterior wall
(actual wall fine} or projection thereof or with the intersection of a perpendicular braced wall line
(dashed line representing the bracing effect of actual walls). The case resulting in the maximum BWL
length must be used.

These above rules have important implications for fiexible and efficient bracing designs. They also are
important to consider when locating BWPs along or near the ends of a BWL as addressed later. While not
addressed in the scope of this Guide, the ends of a BWL must be known to be able to determine its {ength
which is used to determine the amount of seismic bracing required in high-hazard earthquake areas. Wind
bracing amounts in the IRC are not dependent on BWL length and the BWL only needs to provide sufficient
space for the length of wind bracing required.

ABTGRR No. 1601-01
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Figure 2: Braced Wall Line Layout Rules {Offsets and Ends)

Braced Wall Line Spacing (/RC Section R602.10,1.3) — Braced wall line spacing establishes the amount of
racking load that must be resisted by the two or more parallel braced wall lines in each plan direction. Figure 3
shows a graphical representation of the relationship between braced wall lines and braced wall line spacing.
The racking load must be resisted by incorporating an adequate amount of braced wall panels in each braced
wall line. As the spacing between paraliel braced wall lines increases, the surface area of the building between
the braced wall lines that takes the out of plane wind loading and transfers it o the braced wall lines aiso
increases. Therefore, the required bracing amounts are dependent on the spacing between parallel braced
wall lines. This consideration influences the space that is available for wall openings on exterior walls, which
may require using interior braced wall lines to help share the bracing load and reduce the amount of bracing
required on each of the parallel braced wall lines. While the total bracing load and amount of bracing remains
essentially unchanged, the additional braced wall line allows the required bracing amount to be distributed to
more braced wall lines. This practice, when used or necessary, has a number of potential benefits.

For example, an interior braced wall line B in Figure 3 is added in between BWL A and BWL C. This reduces
the BWL spacing. Since BWL B shares some of the load, BWL A and C require less bracing than when using
BWL A and C alone. As a resull, use of a particular bracing method may be brought into compliance with the
code, more openings may be accommadated, or a more efficient use of energy-saving wall sheathings may be
achieved without compromising wall bracing requirements.

ABTGRR No. 1601-01
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For 8E 1 foot = 304.8 mm.

Figure 3: Braced Wall Panels and Braced Wall Lines - IRC Figure R602.10.1.4(1)

Finally, the IRC provides minimum required bracing amounts tabulated for braced wall lines spaced apart by
up to a maximum of 60’ for wind loads (see Table 7). For braced wall line spacing greater than 60, additional
braced wall lines or engineering will be required (see Section 4). For example, if the distance between BWL A
and BWL C in Figure 3 where greater than 60 feet, then BWL B would be required to allow use the IRC bracing
provisions. Fihally, it is important to note that the spacing assigned to BWLs A and C is the distance to BWL B;
the spacing assigned to BWL B is the greater distance to BWL A or BWL C which generally results in a
conservative amount of bracing for BWL B.

Braced Wall Panel ({RC Section R602.10.1.1} - Also shown in Figure 3, a braced wall panel (BWP} is a section
of a braced wall line that is specifically braced with a code-compliant bracing method (e.g., let-in brace, a wood
structural panel, or other bracing methods). The various braced wall panef construction methods are addressed
in Section 2 of this Guide. Braced wall panels must meet minimum width requirements (length of wall covered)
to count towards the minimum bracing amounts required for each individual braced wall line. The minimum
widths required for braced wall panels of the various bracing methods constrain the layout and spacing of wall
openings in a code-compliant braced wall line. The IRC also provides a number of useful options for adjusting
braced wall panel widths or specifying narrow panel bracing methods (i.e., portal frames) that will be discussed
later in Section 2.

Braced Wall Panel Location (JRC Section R602.10.1.4) - In addition to being used to meet minimum bracing
amoaounts, the location of braced wall panels along each braced wall line must meet additional constraints;

1. Braced wall panels must be spaced no greater than 25" OC along a braced wall line {see Figure 3),
2. Braced wall panels must begin no more than 12.5’ from the end of a braced wall line, and

3. The sum of the distance from each end of the braced wall line to the beginning of the braced wall panel
nearest to each end shall be no more than 12.5' (see Figure 4).

£% For the continuous sheathing bracing methods (/RC Sections R802.10.4 and /RC Section R602.10.5), a
minimum 24" wood structural panel or 32” structural fiberboard panel must be located at the ends of the braced
wall line, including a corner return panel of the same minimum size placed on the adjoining wall at the corner.
However, there is a new exception to this rule in the 2009 /RC. A hold-down conneclion capable of resisting at
Jeast 800 pounds can be substituted for these requirements when specific conditions are met as discussed
later in Section 2.3

ABTGRR No. 1601-01
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In addition, all braced wall panels are permitted to he offset from a designated braced wall line as previously
discussed and shown in Figure 2.

End of braced wall fine End of braced wall line

End Braced wall pane} End

—— Distance1 Distance 2 W
f / N -

“End Distance 1
+ End Distance 2
=Maximum of 12,5

Exfent of braced wall line

G

Braced wall panel shall be pérmitied to be locatad away from the end of a braced wall Hine, provided (he total end distancs frdm each end to the
nearest braced wall panel dogs not exceed 12,57, If braced wall panel is bhealed at the and of the braced wall ling; then end distance 5 1.

ForSI: 1 foot = 304.8 mim,
Figure 4: Braced Wall Panel End Distance Requirements - JRC Figure R602.10.1.4(2)

The above requirements ensure that for walls no longer than 16.5", a single 48-inch
long braced wall panel can be used. In addition, /RC Section R602.10.1.2 requires a
48-inch minimum total length of bracing in each BWL, Thus, for walls greater than
16.5’ in length, generally two or more BWPs or one large BWP will be required to meet
the above requirements for BWP location on a BWL.

77 International Residential Code 2012, 2015, and 2018 includes:

+ A reduction of the BWP end distance to 10’ and the elimination of the cumulative 12.5’ end distance

e Spacing of BWPs is changed from 25'cc to 20’ edge-to-edge

e Braced wall lines 16’ or less in length will require a minimum of two braced wall panels of any length or

only one braced wall panel of a minimum 48 inches in length

e Braced wall lines greater than 16’ in length will require a minimum of two braced wall panels
Thus, the minimum 48 inch length of bracing required by the 2009 IRC will only apply to the special case of a
BWL that is less than 16 feet in length and which has only one BWP.

Mixing Bracing Methods (IRC Section R602.10.1.1) The /IRC includes an explicit but limited ability to mix the
various bracing methods on a building plan to maximize cost-effectiveness or other objectives such as energy
efficiency (see Section 5 for more detail on this latter concern). In addition, there are a few general provisions
that apply to the mixing of intermittent bracing metheds on a plan as follows (based on the scope limitation of
this Guide):

1. Mixing bracing methods from story to story is permitted.

2. Mixing bracing methods from braced wall line to braced wall line within a story is permitted.

3. The length of required bracing for a braced wall line with mixed bracing types shall be based on the
bracing type which requires the greater bracing length (see Table 7)

4, No mixing of bracing methods or materials {sheathing types) is permitted within a continuously
sheathed braced wall line. However, other braced wall lines on the same or other stories may use other
bracing methods.

ABTGRR No. 1601-01
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Angled Corners (/RC Section R602.10.1.3) — Braced wall pansls on angled corners at the end of a BWL may
be counted toward the minimum bracing length requirement as follows:

o At corners, braced wall lines shall be permitted to angle out of plane up to 45 degrees with a
maximum diagonat length of 8 feet.

o The placement of bracing for the braced wall lines shall begin at the paint where the braced
wall line, which contains the angled wall adjoins the adjacent braced wall line (Point A as shown
in Figure 5).

o Where an angled corner is constructed at an angle equal to 45 degrees and the diagonal length
is no more than 8 feet, the angled wall may be considered as part of either of the adjoining
braced wall lines, but not both.

o Where the diagonal iength is greater than 8 feet, an angled corner shall be considered its own
braced wall line.

- 4)(.
\-'POINTA

BRACED WALL LINE 1; )
USE THIS LENGTH WHEN CALCGULATING !
THE AMOUNT OF BRACING !

LENGTH OF BRACED WALL LINE 2 WHEN
CALCULATING THE AMOUNT OF BRACING
BRACED WALL LINE 2

For Sk 1 feot= 304.8 min,
Figure 5: Angled Corners - JRC Figurs R602.10.1.3

Section 2: IRC Wall Bracing Methods

2.1 Overview

In this section, the various bracing methods in the IRC are presented and discussed. These bracing methods
and their associated capabilities are the “building blocks” for arriving at optimat bracing designs that are code
compliant, cost effective, and coordinated with other design objectives such as energy efficiency and
affordability (see Section 5). Therefore, it is important to start with a working knowledge of the various bracing
methods featured in the IRC.

Beginning in the 2009 IRC bracing provisions, the bracing methods were renamed and divided into two
categories as illustrated in Figure 6:

s Intermittent Braced Wall Panel Construction Methods
e Continuous Sheathing Wall Bracing Methods

Within each of these categories are various means to address problems commonly encountered in practice,
such as narrow braced wall panels used at garage openings and other similar conditions. Mixing of bracing
methods as shown in Figure 6 is also possible with the IRC provisions.

ABTGRR No. 1601-01
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i 281 0c max

o ] ‘BRACED,
il N b WALL PAREL. ,
BRACED AN - . N A
WALL BAREL : NON-STRUGTURAL (FOAM) 2HEATHIN G !

{3 INTERMITTERT BRACING- METHOD {8 {LET-N T WALL BRACING - SINGLE BWL

i 28) e max ¥oA 123 max ' b

BAAGED ’
WALL PANEL S

BRAGED - HON-STRUSTURAL (FOALY SHEATHING -

WALL PANEL
{b} INTERMITTENT BRACING: METHOD WSP.or OTHER - SINGLEBWL
& A o X RQ[‘:’T_\_{_!!_g‘l‘han _125
HON-STR UETURALIECAM SHEATHIE -3, ) 'K i
(i—METHGD 3 BRACING M\‘i‘—‘“ﬁ‘ B S
O SIHEWALL

- B ACED. WALL PANELS - ol F CORRER S ERTHING
{WIDTHE FER TABLE 9] FOREDNT 5 1R, SHEATHED

{e} MIXED BRACING: CONTINGOUS SHEATHING AND NTERMITTENT BRACING:
C{FACING AHD FLANKING WALLS ARE TREATED AS SEPARATE BWLs FoRILLUSTRATION

Figure 6: lllustration of intermittert, continuous, and mixed bracing methads,

2.2 Intermittent Braced Wall Panel Construction Methods

The intermittent bracing methods include traditional methods of bracing and are retained and improved in
modern editions of the IRC to ensure consistency of all bracing methods, including continuous and narrow
panel bracing methods addressed later. Table 1 lists the intermittent BWP construction methods included in
2009 IRC Section R602.10.2. The minimum length requirements for BWPs constructed using these methods
are referenced in Table 1 along with basic construction requirements. The BWPF minimum length requirements
vary according to bracing method as well as wall height for most methods as shown in Table 2. In addition, the
IRC includes a “partial credit” approach for many of these methods whereby the braced wall panel length may
be reduced to 36 inches fram the commonly required minimum of 48 inches. In such cases, the effective braced
wall panel length shown in Table 2 is used in lieu of the actual braced wall panel length in determining
compliance with required bracing amounts addressed later in Seclion 3.

In accordance with 2009 IRC Section R104.11, other approved proprietary bracing materials may be used on
the basis of equivalency as normally indicated by a code evaluation report for the proprietary bracing method.
For example, an approved metal let-in brace may be substituted for the LIB bracing method or a proprietary
sheathing may be substituted for one of the bracing methods using a code-recognized sheathing material.
Proprietary bracing methods are worth considering because they may offer some advantages over the code-
recagnized bracing metheds in Table 1, such as composite panels known as structural insulated sheathing.

ABTGRR No. 1601-01
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"""" _ BWP Minimum Lengt
2 ahl aximum Wall Heig
1x4 wood or -
approved metal Wood: 2 ' . ) G Each such b:acle counts as a
ctrabs ood: 2-84 nails per stud including top braced wall panel” with actual length
LIB Letin-bracing 45t BOE I and bottom plate dependent on brace angle see Table 2
A 0 60° angles
maximum Metal: per manufacturer % For LIB bracing wall height should
16" stud spacing not exceed 10 feet
_ 3/4" (1"nominal) 2-8d (2-1/2"%0.113") nails £¥: See Table 2 and "partial credit”
DWE D'agbonaljwooa maximum or allowance of Table 3
oards ,
24"tud spacing 2 staples, 1-3/4" per stud £ Maximum wall height of 12'
6d common (2 x 0.113) nail
. . 6 inches o.c. af edges <% Refer to Table 2 and “partial credit’
318" for maximum 12 inches in the field aliowance of Table 3
16" stud spacin . . '
pacing (Limited to wind speed and exposure of <+ Maximum wall height of 12
Wood 110/8, 90/C, or 85/D - refer io IRC
structural Table R602.3.3)
WSP panel 8d Common (2.5" x .131")
IRC Section .
R604 6 inches o.c. at edges
— . . 12 inches in the field £%: Refer to Table 2 and “partial credit”
718" for maximum | allowance of Table 3
24" stud spacing {For 24" stud spacing, limited to wind o Moy ; ,
speed and exposure as above; for 16" < Maximum wall height of 12
stud spacing, the limits are 130/B,
110/C, 105/D)
1-1/2" galvanized racfing nails or 8d - -
Structural 472" or 95/32" for common {2-1/2"x0.134) nails % Refer to Table 2 and “partial credit
SFB fiberboard maximun 3" spacing {panel edges) alovance of Table 3
sheathing 16" stud spacing Pacg P g £: Maximum wall height of 12'
6" spacing (intermediate supports)
Nails or screws af 7" spacing at panel
edges and at intermediate supports
Exterior gypsum sheathing at GB ] -
Gypsum hoard braced wall panels, use fastener size 37 : Rf_;erbtlo I,%QLQ,Z_ only, p'arnal
GB (one or both 112" and type in accordance with JRC Table | Credit’ of Table 3 does not apply to GB
sides of BWP) R602.3(1 7. Maximum wall height of 12°
Interior gypsum panels at GB braced .
wall panels, use fastener size and type
in accordance with [RC Table R702.3.5
; 1-1/2° galvanized roofing nafls or 8d . - -
Pa;t lcleﬁoard 3/8" or 112" for commen (2-1/2"x0.131) nails £%: Refer to Table 2 and “partial credit
PBS sheathing maximum ) o allowance of Table 3
i " spacing (panel edge
ﬂé&'ﬂ 16" stud spacing pacing (pa ges) 2% Maximum wall height of 12'
e 6" spacing (intermediate supports)

ABTGRR No. 1601-01
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1-1/2", 11 gage, 7/16" head nails at 6"

IRG Section R703.8 spacing £#: Refer to Table 2 and “partial credi”
pCP Portland for maximum allowance of Table 3
cement plaster . or
16"stud spacing & Maximum wall height of 12'
718", 16 gage staples at 8" spacing
0.092" dia., 0.225" head nails with
. _ length to accommodate 1-1/2" % Refer to Table 2 and "partial credit”
Hardboard 716" for maximum penetration into studs allowance of Table 3
HPS panel siding 16" stud spacing A
- 4" spacing (panel edges) 2%: Maximum wall height of 12" -
8" spacing (intermediate supports) '
3/8" wood sfructural . &% 32" minimum; See IRC Sectioh
AR Alternate panel sheathing Ssselgg fsraer(;::g; ?:3;}1] Sg332n :;Dr R602.10.3.2 and discussion below on
braced wall IRC Section hardware requirements Narrow Panel Bracing Methods
RE602.10.3.2 £+ Maximum wall height of 12’
£ 16" minimum (supporting one story)
i 3/8" wood structural 24" mini i '
nlertitont vanel See JRC Section R602.10.3.3 for minimum (Supporting fwo stories)
PFH p(with holds ‘ special framing, fastening and See JRC Section R602.10.3.3 and
dowin bracket IRC Section hardware requirements discussion below on "Narrow Panel
own brackets) R602.10.3.3 Bracing Methods"
&2 Maximum wall height of 10’
£ Minimum length based on a 4:1
. height to length ratio
Intermittent | 716" waod structural , _— : .
portal frame at panel See IRC Section R602.10.3.4for ex. 24" minimum for 8 walf height
PFG garage special framing, fastening and See IRC Secti
] _ IRC Section " ae ection R602,10.3.4 and
(without hold B600 109 4 hardware requirements discussion below on “Narrow Panel

down brackets})

Bracing Methods”
& Maximum wall height of 10”

ABTGRR No. 1601-01

Table 1: Intermittent Bracing Methods and Requirements

IMPORTANT_/RC Section R602.10.2.1 of te 2009 IRC (and also the 2012, 2015, and

2018 IRC) requires all of the above intermittent bracing methods (except GB, ABW,
PFG, and PFH) to be used together with interior finish of 14" gypsum wall board {or
equal) installed in accordance with IRC Section R702.3 on the inside surface of the
wall. Otherwise, required bracing amounts for Methods DWE, WSP, SFB, PBS, PCP
and HPS must be increased as addressed in Section 3 of this Guide (Table 7, footnote

'?).

The 1.5 adjustment factor in 2009 JRC Section R602.10.2.1 is actually an error and

should not be used

IRC Wall Bracing Guide
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DWG, WSP, SFB, PBS, PCP, HPS 48 | 48 | 48 | 53 | sg | Aot (e%')e”gm per
One-sidade 96 96 96 106 116 0.5 x Actual
o8 Two-sided 48 48 48 53 58 Actual
" 600 brace angle 55 62 69 NP NP 55 (mgx)
450 brace angle 96 108 | 120 | NP NP 96 (max)
ABW SDC A, B and C, wind speed <100mph 28 KY) 4 38 42 48
PEH Supporting roof only 16 16 16 NP NP 48
Supparting one story and roof 24 24 24 NP NP 48
PFG 24 27 33 NP NP 1.5 % Actual

“NP:= Nt permitied:
ia; mearinterpolahan shallb en'mtted

“*Parlial CraditAllowante for Select Intermitient Bracing Methods =
Table 2: Minimum Length Requnrements for Braced Wall F‘anelsa

As indicated in Tables 1 and 2 above, the following effective lengths apply when BWPs are less than the
required minimum BWP length of 48 inches for Methods DWB, WSP, SFB, PBS, PCP, and HPS. The effective
length is the “contributing length” that applies toward the required amount of bracing in a BWL (see Section 3}.

Effective Length OF Braced.

48 48 48
36 36 N/A
27 NIA N/A

Table 3: Effective Lengths for BWP Less Than 48 Inches in Actual Length - JRC Table R602.10.3

ABTGRR No. 1601-01
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Narrow Panel Bracing for Intermittent Bracing Methods

Table 1 also includes various “narrow panel” bracing methods (i.e., ABW, PFH, and PFG) for use alone or
together in braced wall lines with the standard intermittent bracing methods. These special bracing methods
require different framing and connection techniques that are beyond typical conventional wood framing
practices. They also have use limitations. Therefore, they are discussed in greater detail as follows:

Method PFG (Portal Frame at Garage without hold-down brackets)
« Use only at garage door openings supporting no more than one floor plus a roof

« Method PFG shall be constructed in accordance with_Figure 7 and 2009 JRC Section R602.10.3.4

¢ PFG panels may be used on one or beth sides of the door opening as shown in Figure 7 with a header
clear span ranging from 2' to 18’

» For the purpose of determining provided wall bracing amounts {Section 3), the length of each PFG
braced wall panel shall be multiplied by a factor of 1.5

+ Braced wall panel length shall be a minimum of one-fourth the height of the PFG as shown in Figure
7 (see Table 2)

¢ PFG height shall be a maximum of 10 feet (3048 mm) as shown in Fiqure 7
s PFG panels must be installed directly on a foundation

s In wind exposure categories C and D, the 1,000-Ib header straps required in Figure 7 must be
increased in size per 2009 /RC Table R602.10.4.1.1

NOTE: The limitation of PFG to garage openings only is not justified by the originai research supporting
this method. Therefore, it may be used fot other applications, such as large window or door openings
on an intermittent braced wall {ine provided such use is locally approved. :

EXTENT OF HEADER {TWC BRACED WAL SEGMENTS)]
X L. TOF PLATE CONTINUITY 1S . SIDE
[~ EXTENT OF BEADER (ONE BRACED WALL SEGMENT) ~---mr vt REQUIRED FER R602.32 ELEVATIGN
i e T~ + + + Fi- v -+ =+~ g =
| S MIN, 3 11,25 NET HEADER | SO AN g j
3o o o] JHEADER SHALL OGCOR AT TOP OF WALL . < i
|ESEaeY | i
I3 270 18 FINISHED WIDTH} il ; »\
; \ ~ FASTEN SHEATHING TQ HEADER WITH 8D COMMON : 1801 SINKER
11N NAILS IN3 GRID PATTERN AS SHOWN AND 3 0.C. IN | " ERAtED NAILS IN 2 ROWS
% {Ih  FRAMING AS SHOWN (STUDS AND 8ILLS) TYP, o WAL : @rag.
AN M seasent : :
AT % MINIMUM 1008 LE HEADER-TOSACK STUD STRAR ON = " PER - 1000 LB HEADER-
\ BOTH SIDES OF OPENING PER TABLE R602.104.8 RB0Z.10.4 i TO-JACK-STUD STRAP
MAX {INSTALL'ON SACKSIDE AS SHOWN ON SIDE ELEVATIGN) A : ON BOTH SIDES
HEGHT J | - HEADER SHALL BE FASTENED TO THE KING STUDWITH < { OF OPENING
W EEERTH 616D SINKERNALS i
; 1 FOR A PANEL SPLICE {IF NEEDED) , PANEL EDGES SHALL BE NGO ! : \\_
1 BLOCKED AND.OCCUR WITFEN 24° OF MID HEIGHT. ONE IASRANIDS , HE* MIN,
| ROWOF TYP. SHEATHING -TO-FRAMING IS REQUIRED I EACH | | e magi : THICKNESS WOGD
PANEL, r/ RB02.5{182) ; STRUCTURAL PANEL
| WO0D STRUGTURAL PANEL STRENGTH A5 SHEATHING
] - MM, 12) 204 TYP.
g ME - MIN, LENGTH BASED ON 4:1 MEIGHT-TO-LENGTH RATIO: i N |
— {J ‘\ FOR EXAMPLE; 24" MIN. FOR B’ HEIGHT /i-l i P
LY
A\ : — {
AR =l B j L

AR {
X\: MIN. 25X 25 xIE PLATEWASHER -~

ANCHOR BOLT PER R403.1.6 TYP. -
FORWIND EXPOSURS CATEGORIES € AND D, ADDITIGNAL JATK STUDS MAY BE REQUIRES PER TABLE REI2.10.4.6

Figure 7: Method PFG Portal Frame at Garage Door Openings Similar fo 2009 - JRC Section R602.10.3.4
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Method PFH (Portal Frame with Hold-down Brackets)
o Use on any BWL alone or together with intermittent bracing

« Construct per Figure 8 permitting braced wall panels as narrow as 16" wide (supporting roof only) or
24" wide (supporting roof plus one floor)

¢ For the purpose of determining provided bracing amounts (Section 3), each PFH panel counts as 48
inches of braced wall panel (see Table 2)

» Use for any large opening with header clear span of 6' to 18’ (not just limited to garage cpenings)

« Portal frame braced wall panels must be directly supported on and anchored to a foundation with
hold-down straps (use on lowest sfory anly)

« The foundation must be continucus across the entire length of the braced wall line. The foundation
shall be reinforced as shown on Figure 9.

« In wind exposure categeries C and D, the 1,000-Ib header straps required in Figure 8 must be
increased in size per 2009 /RC Table R602.10.4.1.1. {This requirement is implied by /RC Section
R602.10.3.4, item 5, but is not specifically stated in /RC Section R602.10.3.3 for Method PFH)

EXTENT OF HEADER )
- DIOUBLE PORTAL FRAME (TWO BRACED WALL PANELS)

o EXTENT OF HEADER )
-+ SiNGLE PORTAL FRAME (ONE BRACED WALL PANEL) ———————=

< b Tane , — E— I’

L e I AT 1 - TYPICAL PORTAL [t

b FASTEN YOR PLATE TO'HEADER WITH TW0 : =~

‘ et s s FRAME -
HOWS OF 160 SIKKER NAILS AT 3" 0.6 TYR- Pl ey CONSTRUCTION  [il

™ 5000 LB STRAP OPPOSITE SHEATHING o |
\ FOR A BANEL SPLIGE | i
Y [ FASTEN SHERTHING T HEADER WItH &0 COMMON Of “@-‘%gggmﬁf‘g; L 't
wax |11 I CAVANIZED BOK NAZLS [N 3 GRID PATTERN AS SHOWN AND srocken e gene |

HEIGHT | ] LI 370.C. IN ALL FRAMING {8TUDS, BLOCKING AND SILLS} TYP. WITHIN 24° OF MiD- ||\
w 1 HEIGHT. ONE ROW OF [ -
TYE BHEATHING-TO- BdErr—l
| MINWIDTH = 167 FOR ONE SYORY STRUCTURE ERA!\?E?AGN?IEI?JG?S- Nl
ad—" i, WIDTH =247 FOR USE INTHE FIRST OF TWO Y TREQUIRES, B

o kg STORY STRUCTURES I 224 BLOCKRING 13 |4
. I VISED, THE 764'S MUST |
H : BE NAILED TOGETHER ||
A M. 264 FRAMING - i WITH 3 16D SINKERS || I
'} 4+ " ; MV DOURLE o) 1+1:)
b 1] WA MIN. THIGKNESS WOOD nE N8
A STRUCTURAL PANEL SHEATHING 2x4 POST 1
TP MIN, 4260 LB TIE-DOWN BEVIGE EMBEDIEDINTO
[ concRerEAND KALED Wro FRAMNG) N, 00D LE [
- TIEHGWN =]
Sl T~ see seoTion Re02 1033 1 DEVICE : :

For&h 1inch =234, | foor=304.8 ma; 1 potnd force =4.448 N
Figure 8: Method PFH Partal Frame with Hold Downs - {RC Figure R602.10.3.3

Method ABW (Alternate Braced Wall Panel with Hold-down Brackets)

The ABW method was one of the original "narrow panel” bracing metheds in the IRC; however, the
“partial credit” approach and the newer portal framing methods, both discussed above, are generally
preferred. Use 32" wide ABW per JRC Section R602.10.3.2 and Figure 9. Requirements include:
Can be substituted for any 48” wide panel (counts as 48 inches of braced wall panel length for bracing

amount),

« Requires sheathing on both sides of braced wall panel when supporting roof plus one floor;
sheathing on one side applies anly when supporting roof only

« Alternate braced wall panels must be directly anchored to foundation with hold-down anchors or straps
(use on lowest story only)

ABTGRR No. 1601-01 :
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+ The maximum height and minimum length and hold-down force of each panel shall be in accordance

with Table 4

+ The panels shall be supported on a foundation or on floor framing supported directly on a foundation

which is continuous across the entire length of the braced walf line

« In the first story of two-story buildings, each braced wall panel shall meet the conditions above except
that the wood structural panel sheathing edge nailing spacing shall not exceed 4 inches (102 mm) on

center

BRACED WALL HEIGHT

For 8

[PANEL LENGTH PER TABLE R602.10.3.2

< |

MON. %" THICK WOOD STRUGTURAL

PANEL SHEATHING ON ONE FACE —.___ ||

MININUM 2% 4
FRAMING, MINIMUM -

DOUBLE STUDS |1

REQUIRED

STUDS UNDER HEADERAS,
REQUIRED.

HOLO-DOWN OR STRAP-TYPE
ANCHOR PER TABLE )
RB0210.3.2. {(BOTH SHOWN'FQR

CLARITY)) STRAP-STYLE ]
ANCHORS SHAEL BE PERMITTED
O BE ATTACHED OVER THE
WOOD STRUCTURAL PANEL

<

fﬂ

B

i

| inth =254 min.

FOR PANEL SPLICE (iF NEEGED)

' ADJOINING PANEL EDGES SHALL
MEET OVER AND BE FASTENED TO
COMMON FRAMING

. 82 COMMON OR GALV. BOX

NAILS @ 870.C. AT PANEL EDGES,
FOR SINGLE STORY AND AT 4" 0.C.
PAREL EDGES FOR THE FIRST OF 2
STORIES.

8D COMMON CR GALV. BOX

i — ————NALS@ 12°0,C. AT

INTERIOR SUPPORTS

(2} ¥ DIAMETER ANCHGR BOLTS

PER FIGURE R403.1.1, LOCATED
L BETWEEN € AN 12 INCHES OF
EACH END OF THE SEGMENT

- MINIMUM REINFORCING OF
FOUNDATION, ONE #4 BAR TORP AND
BOTTOM GF FOOTING. REINFORCING
SHALL BE LAPPED 15 INCHES

“ MENIAUM FOOTING SIZE UNDER:
GPENING IS 12'%127 A TURNED-DOWN
SLAB SHALL BE PERMITTED AT DOOR
CPENINGS. REINFORGING SHALL®
HE AS $HOWN ABOVE.

Figure 9: Altsmate Braced Wall Panel - IRC Figure R602.10.3.2

SEISMIC DESIGN

HEIGHT OF BHAGED WALL PANEL

CATEGORY AND WIND
SPEED gt g1t 0% it f21t
Minimum shesthied length A i 2.8 2. 10% 3. 27 3.6
o2 i -

SDCA,Band C Rém'w'g'ﬁ; r’c‘zf‘é;)h{“d down 1800 1800 1800 2000 2200

Wind speed < 110 mph —

2 T Hems 2 = .
R602:10.3.2, e 2 hold-down 3000 3000 3000 3300 3600
force (Ib)

Table 4: Hold-Down Forces for Method ABW Braced Wall Panels Excerpt from /RC Table R602.10.3.2

ABTGRR No. 1601-01
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Fitting Large Openings within Code-Compliant Intermittently Braced Wall Lines
Frequently, building designs include large openings within or at the ends of braced wall
lines, especially for entry foyers and ‘great rooms’. For the limits shown in Figure 10, the
IRC intermittent wall bracing methods can accommaodate these types of conditions in
code-compliant braced wall lines without requiring use of the narrow panel bracing
method discussed above or the continuous sheathing methods discussed next.

COMPLIART ERACESD

WALL PANEL

COMPLIANT 8RASED Y,
WALL PANEL

Figure 10: Limits for L.arge Openings in Braced Wall Lines with Intermittent Bracing

2.3 Continuously Sheathed Methods

Continuous sheathing methods are relatively new to the IRC and they offer some advantages relative to the
more traditional intermittent bracing methods while providing at least equivalent performance. The primary
advantages include a lesser required fength of bracing and smaller braced wall panel widths than generally
possible with the intermittent bracing methods. However, these walls must be continuously sheathed with
either wood structural panels or structural fiberboard sheathing (or other proprietary sheathings approved for
this purpose). In addition, a number of stipulations affect the appropriate use of these methods.

As shown in Table 5, three methods apply to continuous sheathing with wood structural panels and one with
structural fiberboard sheathing.

ABTGRR No. 1601-01
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CS-WSP Wood Table 1, Method WSP £yRefer 10 Table 6
(IRC Sections structural 318’ [also 16ga x1-3/4" staples at 1, vy imum wall height
R602.10.4) panel Joc {panel edges) and 6"oc of 12 feet
— {intermediate supports)]
. cs-G ~ Wood £yRefer to Table 6
(adjacent to glarage "~ structural 716" See Method CS-WSP 25:Maximum wall height
openings only on panel of 12 feet
one side of garage) :
CS-PF Continuously IRC Section R602.10.4.1.1 &y:Refer to Table 6
{!RC Section ~ sheathed 716" and discussion below on £ :Maximum wall height
R602.10.4.1.1) ‘portal frame “natrow panel bracing” " of 10 feet
CS-SFB Structural &r:Refer to Tabie 8
{IRC Section fiber board %' Table 1, Method SFB Zy:Maximum wall height
R602.10.5) of 12 feet

Table 5: Continuous Sheathing Bracing Methads

IMPORTANT! The CS-WSP and CS-SFB bracing methods are intended to be used in
the IRC together with interior finish of 2" gypsum wall board {or equal) installed in
accordance with fRC Section R702.3 on the inside surface of the wall. If such interior
finish is not used, required bracing amounts (addressed in Section 3) must be
increased as addressed in Section 3 of this Guide (Table 7, footnote ¥, and use the 1.4
bracing length adjustment factor for methods WSP and SFB).

Continuous Sheathing Method General Provisions
Regardless of the confinuous sheathing method used, they all share some commeon requirements as follows:

e All of the continuous sheathing methods require the same siructural panel sheathing material {wood
structural panels or structural fiberboard sheathing) to be used on all sheathable surfaces on one side
of a braced wall line including areas above and below openings.

» Different bracing methods, other than those listed in Table 5, shall not be permitied along a braced
wall line with continuous sheathing.

« Only those full-height braced wall panels complying with the length requirements of Table & shall be
permitted to contribute to the minimum required length of bracing (see Section 3).

= Corner studs at the ends of a continuous sheathed braced wall line shall be fastened together in
accordance with Figure 11

« Corners located at the ends of a continuous sheathed braced wall shall include a minimum 24" braced
wall pane! on each side of the corner (minimum 32" braced wall panels for CS-SFB} as shown in
Figure 11 and Figure 12 o, alternatively, one of the optional framing conditions in Figures 13 through
Figure 15 shall be provided.

For additional restrictions on Method CS-PF, see section on narrow wall options.
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CS-G

27

NP
CS-PF 16 18 20 NP NP Actual
Adjacent Clear Opening Height in.

<64 24 27 30 33 36

68 26 27 30 33 36

72 27 27 30 33 36

76 30 28 30 33 36

80 32 30 30 33 36

84 35 32 32 33 36

88 38 35 33 33 36

92 43 37 35 35 36

96 48 41 38 36 36

CS-WsPp 100 44 40 38 38

CS-SFB 104 49 43 40 39 Actual

108 54 46 43 41

112 50 45 43

116 55 48 45

120 60 52 48

124 56 51

128 61 54

132 66 58

136 62

140 66

1{14

ffzactual ;ength when itis greater than o aqual o the mlmmum léngth.

Table 6: Length Requirements for Braced Walls with Gontinuous Sheathing?
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Figure 11 and Figure 12 show typical corner framing requirements (including corner return panels) for the
continuous sheathing methods.

A SEE TABLE R6023(1) FOR FASTENING
MINIMUM 24 It WoaD EXL—

STRUGTURAL PANEL OR 32 BN,
STRUCTURAL FIBERBOARD
SHEATHING CORNER RETURN

ORIENTATION OF STUD MAY VARY SEE FIGURE RG02.3(2)

180 NAIL (3%57% 0,131

AT izIN.OC. :
GYPSUM WALLBOARD AS REQUIRED AND INSTALLED IN

/ ACGORDANGE WITH CHARPTER 7

il
GPTIONAL NONSTRUCTURAL —» N A %
FILLER PANEL

1
/ o
. +  STRUC A
; SEE TABLE R502.3(1) Sy
ﬁgg I:iBsLTES:Brgé'Sw FOR FASTENING ~ =~ BRACED WALLLINE
{a) CUTSIDE CORNER DETAIL
CONTINUDUS WOOD

ORIENTATION OF STUDS MAY VARY. ggggﬂgﬁ Efé%%ﬂ%’:\ﬂﬁ

SEE FIBURE RB02.3(2)
‘ BRACED WALL LINE “-—'“*-“-“/M-bjy
IR
—— '

160 NAIL (3% x 0.13%%) i L

AT1ZINOC. == SEE TABLE R802.3(1) FOR FASTENING
GYPEUM WALLBOARD AS —
REQUIRED AND INSTALLED
IN AGCORDANCE WITH SEE TABLE R602.3{1) FOR FASTENING

CHAPTER 7 -
MINIMUM 24 IN. WOOD —— .
STRUCTURAL PANEL SHEATHING ]

OR 32 IN. STRUGTURAL =
FIBERBOARD GORNER RETURN Il

() INSIDE CORNER DETAIL

Figure 11: Comer Framing for Continuous Structural Sheathing - IRC Figure R802,10.4.4(1)

CORNER DETAIL
PER FIGURE RE02.10.4.4(1} .

2

CLEAR
OPENING HEIGHT

BRAGED WALL PANELS MINIMUM 27
MEETING MINIMUM REQUIRED LENGTH RETURN CORNER
PER SEGTION RE02,16,4.2 OR RE02.40.5
AT BOTH ENDS OF BRACED WALL LINE
{ALL OTHER FRAMED PORTIONS OF
WALLALSO SHEATHED)

For81: 1 foat = 304.8 mm,

Figure 12; Comer Return Detail for Braced Wall Line with Continuous Sheathing - IRC Figure R602.10.4.4(2)
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Figures 13 through Figure 15 show various options to address different corner situations that may arise when
using the continuous sheathing methods. These options give the user greater flexibility in the design of code
compliant braced wall lines, For example, Figure 13 eliminates the corner return panel in exchanged for a
800-b hold-down at the corner and the option shown in Figure 15 allows a door or window opening io be
placed in close proximity to a corner (as is permitted with the intermittent bracing methods discussed earlier).

. ..r-\’

 GORNER DETAIL
PER FIGURE RE0216.4.4(13

CLEAR
OPENING HEIGHT

BRACED WALL PANELS — \ 800 LB-HOLD-DOWN
MEETING MINIMUM REQUIRED LENGTH DEVICE iM LIEU OF
PER SECTION RE62:10.4.2 or R602.10.5 CORNER RETURN
AT BOTH ENDS OF BRACED WALL LINE
(&L L OTHER FRAMED PORTIONS OF
WALL ALSO SHEATHED)

For 81 #inch = 254 mm, Lpound = 4448 N,

Figure 13: Braced Wall Line with Continuous Sheathing without Corner Return Detall

4 128" MAX - SOC A BAND |

B-0" HAX - 50OG 0, O AND T

CORNER DETAIL
PER FIGURE RE0Z.10.5 44} B

CLEAR. .
OPENING HEIGHT

LNIREMUM-Z’ PAMELS AT

BRACED WALL PANELS . BOTH SIDES OF CORNER
MEETING MINIMUM REQUIED LENGTH
FER SECTION RB02.10.4.2 OR Re0Z.10.5
AT BOTH ENDS OF BRACED WALL LINE
(AL OTHER FRAMED FORTIONS OF
WALL ALSO SHEATHED)

ForSE: 1inch =254 mm.

Figure 14: Braced wall line with continuous sheathing - First BWP away from end of wall line, without tie down
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1 12 6"MAX—SOGA BANDC

B 0"MAX ~SDCE, O AND D,

CORNER
DETAIL

FER FIGURE

Ra02.10.4:4(1)

CLEAR
OPENING
HEIGHT
CLEAR
OPENING HEIGHT

500 LBHOLD-DOWN
BRACED WALL PANELS DEVICE INLIEU OF

MEETING MINIMUM REGUIRED LENGTH CORNER RETURN

PER SECTION R602.10.4.2 OR R602,10.5

AT BOTH ENDS OF BRACED WALL LINE

(ALL OTHER FRAMED PORTIONS OF
WALL ALSO SHEATHED)

For 8 1 foot =305 mm.  pound =4 448 N.

Figure 15: Braced wall fine with confinuous sheathing — First BWP away from end of wall ling with ne down

Narrow Panel Bracing for Use with Continuous Wood Structural Panel Sheathing

Table 5 also includes two “narrow panel” bracing methods (i.e., CS-G and CS-PF) for use alone ar together in
braced wall lines with the continuous wood structural panel sheathing (i.e., CS-WSP). These special bracing
methods require different framing and connection techhiques that are beyond typical conventional wood
framing practices. They also have use limitations. Therefore, they are discussed in greater detail as follows:

Method CS-G
A special exception to Table 6 provides for CS-WSP braced wall panel widths as narrow as 2 feet for
limited use in a garage opening wall per Table 6. Restrictions include:
s Must meet the requirements of the continuous sheathing method general provisions above and is
limited to the CS-WSP bracing method.
» Must be adjacent to a garage opening that supports a roof only (single story garage), mited to use
on one side of garage only.
» Garage opening wall is braced with the continuous structural sheathing method (including corner

detail per Figures 11 through Figure 15).
» Wall height is less than or equal o 10

Method CS-PF
Use a portal frame without hold-down brackets that permits braced wall panels as narrow as 16" wide
per Figure 16. Restrictions include:

¢ Must meet the requirements of the continuous sheathing method general provisions above.

s Continuous portal frame braced wall panels shall be constructed in accordance with Figure 16. The
number of continuous portal frame panels in a single braced wall line shall not exceed four.

s There shall be a maximum of two braced wall segments per header and header clear span shall not
be less than 2 feet or greater than 18 feet.

¢ Wall height shall not exceed 10 feet measured from the top of the header to the bottom of the botiom
plate as shown in Figure 16.

* Where a "pony wall” is constructed above the CS-PF header to accommodate an increased wall
height, refer to 2009 /RC Table R602.10.4.1 for increased size for the 1,000 Ibs. header strap shown
in Figure 16. The strap provides uplift restraint to the CS-PF header as well as out-of-plane stability
to resist wind loads.
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= EXTENT 5 HEADER [TWO BRACED WAL SEGRENTS). -
TGP FLATE CONTINUITY 1S
e EXTENT OF HEAGER IONVE BRACED WALL BECMENT} e REGLIRED FER #0242
= " s l—g = e : .
e e _ : = . R | SHEATHING FALLER
o PR M, 37 14 HONET HEADER, N | \ENEEDED.
Ll s HEADER SHALL GCCURAT TGP OF WALl SN
e e s o e ; e
d Y] .n r - 1 l A
I \: 1S 270 18 jRHISHED WIDTH) I y mﬁ
] | FASTEN SHEATHING YO FEADER WITHAD COMMOH i [
- K NAILS B4 37GRID PATTERN AS SHIWH AND 2° 0L, 10 | . )
] i \\ FRAMING AS SHOWN (STLOS AND SIVE) WP BRACED VAL i .
] ] “HEsteR sHALL a8 PASTENEDTOTHE R X X " NS Ha2 ACHE
] TN RING STUD WITH 6480 SINKER HAILS et ¥ . iy
MAK: i : - A
HEIGHT | i
o M 000 18 HEADER-TO-JACK-STUD STRAPON BOTH SIDES
: CF GPENHIS (NS TALL TN BACESDE A% SHEWA OH N 006 113 HEADER-
i ~NE SDE ELEVATION) TOJACK-STUD STRAP
Al A _ N ROTH SIDES
| I JAR SIS OFOPENING
! i “ KR A PANEL SPLIGE {F NEEDED), PAMEL ETGES EHALLRE "PER TAELE
BLOGHED AND DCCUR WITHE 24°0F 110 HEIGHT: ONE 1 Sroungin
1| S| ROWOFTYR sHEAMmGTO FRNG 8 REQURED InErgu | T
P PANEL!
1] i \wwm STRUETURSL PANEL STRENGTHAXIS: ) \—
H PR Bt (2 2 TYP, N wemin,
4 B [ ) . THICKNESS WSHD-
y ) s LENITH BASED ON TASLE R602.104.2 4 STRUCTURAL PANEL
. g : ki SHEATING
T
*
\ R ANGHO N BOLT PER RADL A TV i
MIN 2753500 PLATE WASHER
} 2 " o
VI 2 , 4
A 1
HAIL SOLE PLATE i
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. STGLE — \\ i :

N I
— — ¢ WC‘IOD STRUMURALPANELSHEATHNB D‘.v‘ERAPF’RQVED BAHD JGIST A4 \\__ R
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DVER RAK ED WODD FLOOR OR SECOND FLOOR- FRAMN(&ANCHOR OPT}DN BARDOIST

— HAI ECLE
FLATE TQJOI&T
PER FABLE

e A0

MA SCAE Pi_ATE
T JOIST B
TASLE !%5023{ 13
8D COMMON HARS .. - (X

FOO_TORAND BOTTOM \

PRI R . Y

i v hetind, ..
\\“‘-‘——‘————-—— WOOD ST Rll"“RALPNJELRHEAmNG OVER APPROVED SAMD JOIBT __‘_.__.‘M/
APPHROVED

DVERR.I.ISEH \ADDD FLOOR OR SECOND FLGDR - Woon BTHHCWM FANEL OVER!JIPQF“UN ) “BAND 22I5T

For St linch = 35,4 mm, 1 foor = 304.8 mm, 1 pound [orce = 4,448'N, NOTTOROME

Figure 16: Method CS-PF: Continuous Porlal Frame Construction

ABTGRR No. 1601-01
IRC Wall Bracing Guide Page 25 of 63




ABTG Research Report

2.4 important Construction Requirements for Wall Bracing

Basic Connection Requirements for Braced Wall Panels

Aftach bracing panels or braces to wall framing in accordance with bracing method descriptions per Table 1 or
Table 4 or IRC Section R602.10.2,

Support and attach all horizontal and vertical joints of sheathing used as braced wall panels to wali framing or
minimum 2x blocking per IRC Section R602.10.8. Blocking is not required at horizontal sheathing joints under the
following exceptions:

1. Blocking at horizontal joints shall not be required in wall segments that are not counted as
braced wall panels.

2. Where the bracing length provided is at least twice the minimum length required by /RC Tables
R602.10.1.2{1) and IRC Table R602.10.1.2(2) blocking at horizontal joints shall not be required
in braced wall panels constructed using Methods WSP, SFB, GB, PBS or HPS.

When Method GB panels are installed horizontally, blocking of horizontal joints is not required.

4. Vertical joints of panel sheathing shall be permitted to occur over double studs, where adjoining
panel edges are attached to separate studs with the required panel edge fastening schedule,
and the adjacent studs are attached together with 2 rows of 10d box nails (3"x0.128) at 10"
o.c. {This exception is based on the 2012 IRC).

» Adhesive (glue) attached braced wall panels are not permitted in SDC C or D per [RC Section
R602.10.2.2 (not applicable to the scope of this Guide).

e Connect sole plates at braced wall panel locations to wood floor framing (joists or blocking) with 3-16d
box nails (3-1/2” x 0.135”) at 16" o.c. per 2009 /RC Table R602.3(1) or to foundations using 2" anchor
bolts (or equivalent) per 2009 [RC Section R403.1.6 (includes clarification for anchor bolt placement in
BWL sole plates).

Blocking Requirements for Floor and Roof Framing at Braced Wall Panel Locations

Where braced wall panels are not aligned with floar and roof framing members, the 2009 and later editions of
IRC cantain new and expanded blocking requirements to ensure the proper transfer of lateral loads into and out
of the braced panels (refer to 2009 JRC Section R602.10.6). Like a continuous load path to resist wind uplift
loads, a continuous load path is also required to transfer racking loads from the building roof and floor framing
into and out of braced wall panels. However, where the distance between the BWP top plate and roof sheathing
at eaves is 9-1/4" or less, blocking between roof rafters or trusses at BWP locations “need not be installed.”

Braced Wall Panel Wind Uplift Connections
The following provisions were first added in the /RC 2009 and are required to ensure thal braced wall panels
perform adequately when subjected to roof uplift loads while also resisting lateral (racking) load from wind:

R602.10.1.2.1 Braced wall panel uplift load path. Braced wall panels located at exterior walls that support roof rafters or
trusses (including stories below top story) shall have the framing members connacted in accordance with one of the following:

1. Fastening in accordance with Table R602.3(1) where:

1.1. The basic wind speed does not exceed 90 mph {40 m/s), the wind exposure category is B, the roof
pitch is 5:12 or greater, and the roof span is 32 feet (3754 mm) or less, or
1.2. The net uplift value at the top of a wall does not exceed 100 plf. The net uplift value shall be
determined in accordance with Section R802.11 and shall be permitted to be reduced by 60 pif (86 Nfmm)
far each full wall above.
2. Where the net uplift value at the top of a wall exceeds 100 plf (146 Nfmm), installing approved uplift framing
connectors to provide a continuous load path from the top of the wall to the foundation. The net uplift value shall
be as determined in ltem 1.2 above.
3. Bracing and fasteners designed in accordance with accepted engineering praclice lo resist combined uplift and
shear forces.

Note: While not specifically required by the /RC, it also is advisable to follow the above uplift connection
requirements for portions of walls that are not BWPs to ensure a continuous load path from the roof, through
bearing walls, to the foundation or to a point where the uplift load is 100 pif or less. Improved (more efficient)
wind uplift load requirements are now included in /RC Section R802.11 of the 2012, 2015, and 2018 IRC.
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Braced Wali Panel Support
IRC Section R602.10.7 of the 2009 /RC contains the following requirements for support of braced wall panels:

Floor cantilevers supporting braced wall lines shall have solid blocking at the nearest bearing wall
location except when the floor cantilever is not more than 24 inches, a full-height rim joist is provided
at the end of the cantilevered floor joists, and the Seismic Design Category is A, B, or C.

Elevated post and pier foundations supporting braced wall line must be laterally braced in accordance
with accepted engineering practice (i.e., the /RC does not provide a prescriptive bracing solution for
this type of foundation system)

Masonry stem walls less than 48 inches in length supporting braced wall panels must be reinforced
per 2009 IRC Figure R602.10.7. Also, masonry stem walls shall not be used to support ABW or PFH
braced wall panels which require embedded hold-down devices.

Section 3: Applying the Code

Refer to Section 1 of this Guide for important information on basic concepts and
requirements related to braced wall lines, braced wall panels, braced wall panel
location, braced walll line spacing, mixing of bracing methods, and angled corners.
Refer to Section 2 of this Guide for specific requirements related to the various braced
wall panel construction methods.

Section 3 relies on information from these previous sections.

3.1 Overview

The primary objective of the IRC wall bracing provisions — to ensure that dwellings are adequately braced to
prevent collapse — is summed-up in Table 7 and its required minimum bracing length requirements. Thus, Table
7 must be applied in unison with the various concepts and detailed requirements found in Sections { and
Section 2 of this Guide. To assist in integrating all the relevant information for a code-compliant wall bracing
design, this section:

1.
2,

provides a comprehensive step-by-step procedure for applying the code (Section 3.2)

demonstrates how to calculate the required length of bracing using Table 7 and its many footnoted
adjustment factors or multipliers (Section 3.3)

shows how to determine the length of bracing provided by code compliant braced wall panels within a
braced wall line (Section 3.4)

In the end, a code-compliant bracing plan will contain an acceptable arrangement of braced wall lines, each
with an acceptable arrangement of braced wall panels having a total length that meets or exceeds the minimum
length of bracing required by Table 7, including all applicable adjustment factors found in footnotes to Table 7.
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BRACING AEQUIREMENTS BASED ON WIND SPEED
{as a function of braced wall line spacing)

EXPOSURE CATEGORY B, 30 FT MEAN ROOF HEKGHT,
16 FT EAVE TO RIDGE HEIGHT,
10 FT WALL HEIGHT, MINIMUM TOTAL LENGTH (feet} OF BRACED WALL PANELS REQUIRED ALONG
2 BRACED WALL LINES EACH BHACED WALL LINE
Methods DWB,
Baste ?(d:f‘:;g}Syeed Lesc[::rxm E?;fi.g"}i'é? Methad LIBS" (d?f;?: :ﬁisd)g WSP'HSPZE'S-"NP' %Ohnet:l?ﬁli?:;s

10 35 35 2.0 15

20 0. 6.0 15 30

30 a5 8.5 5.0 43

40 s 115 65 5.3

50 140 14.0 8.0 7.4

80 16.5 165 g5 8.0

10 65 6.5 3.5 3.0

20 11.3 115 6.5 55

<85 30 165 165 9.5 8.0
{mph) 40 215 205 1.5 105
30 265 265 15,0 130

60 315 315 180 155

10 NP .0 5.5 45

0 NP 17.0 1.0 85

30 NP 24,3 4.0, 120

ﬁ. 40 NP 32,0 13.0 155

50 NP 39.0 225 190

60 NP 465 26.5 725

10 3.5 15 20 24

20 740 7.4 40 33

a0 95 0.5 55 30

40 125 123 7.5 6.0

50 13.5 155 9.0 75

60 18.5 145 10.5 .0

10 7.0 7.0 440 3.5

20 130 3.0 1.5 6.5

<00 30 1335 185 0.5 9.0
{mph) 40 240 240 14.0 120
50 295 295 17.0 {4.5

0 350 3500 200 170

i0 NP 10,5 6.4 50
20 NP 190 11.0 95’

. 0 NP 275 15.5 115

ﬁ A0 NP 355 205 175
30) NP 440 250 315

60 NP 520 30.0 253

(continiied)
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BRACING REQUIREMENTS BASED ON WIND SPEED
(a& a function of braced wall line spacing)

EXPOSURE CATEGORY B, 30 FT MEAN ROOF HEIGHT,
1G FT EAVE TO RIDGE HEIGHT,
2 Lﬂﬂﬁgg%‘ﬁﬁfﬁgs MINIMUM TOTAL LENGTH éﬁ%gﬁgggﬁﬁ)ﬁ!{?&ﬂ;ﬁﬂﬂs AEQUIRED ALONG
Method DWB,
Baste ?ﬂ.’;ﬁf"“" Lost::tl}%n Linsgﬂn‘iﬁr‘em) Method Ligbh (doﬁﬁggiggd}ﬂ WSPHSPZE’*'PCP' CS%?;?;I:!;S

10 4.5 4.5 2.5 2.5

20 8.5 8.5 5.0 40

11} 120 128 (] 6.0

40 155 15.5 9.0 75

50 19.0 160 110 4.5

0 225 22.5 13.0 11D

10 8.3 8.3 5.0 45

20 6.0 164 9.4 80

< 100 30 230 23.0 130 1L0
(mph) 40 395 29.5 170 (4.5
30 36.5 36.3 21.0 18,0

80 435 43.5 254} 210

10 NP 123 Y 6.0

20 NP 735 133 L5

0 NP 344 19.5 16.3

ﬁ a0, NP 440 25.0 25

50 NP 54.0 3L0 26.5

60 NP 64.0 36.3 31.0

10 53 5.5 3.0 3.0

20 1.y 1.0 60 540

an 14.5 14.5 8.5 70

40 18.5 18.5 11.0 9.0

50 23.0 2340 13.0 115

60 315 275 155 13.5

10 105 105 6.0 50

20 10.0 9.0 1.0 93

<110 30 27.3. 275 169 135
(mpli} 40 36.0 36.0 205 17.5
50 44.0 440 235.5 215

60 5235 525 30,0 2538

1) NP 155 9D 75
20 NP 285 6.5 14.0
_ 30 NP 410 23.5 20.0
a Ay NP 530 30.5 26.0
50 NP 655 375 32.0
60 NP ki d4:5 37.5
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pplication: h 1
B 1.0
One story structure C 1.2
D 15
B 1.0
{b) Exposure Two-story structure C 13
Category
D 16
B 1.0
Three-story struclure C 14
D 17
s5ft 07
10ft 1.0
Roof only 15t 13
20 ft 16
<5t 0.85
{c) Roof eave-to- 10 ft 1.0
ridge helght Roof + 1 fioor 15t 115 All methods
20 ft 13
<5t 0.9
101 1.0
Raof + 2 floors 15 & 11
20t Not permitted
81t 0.9
. 91t 0.95
(d;:?'uas"t;fgtht Any story 101 10
I 1ft 1.05
121t 1.1
(e) Number of braced § } g
wall lines (per plan Any story 4 i 45
direction) 55 15
. . - DWB, WSP, SFB,
(f,h)tl)r;taerr{liofr; Iﬂgﬂsum Any story Omitted Jfran‘J\;gzzde face 14 PBS, PCP, HPS, CS-
WSP, CS-G, CS5-SFB
4°oc af panel edges,
(g) Gypsum board including top and bottom
fastening Any story plates and alt horizontal 0.7 GB
joints blocked
(i} Inclusion of 800-1b Supporting roof only 08 DWB, WSP, SFB,
hold-downs {top story) ’ PBS, PCP, HPS

Lingar interpolation shall be per

: p , ' . .
Y consstenl wﬂh the lntent m‘ fhe 2008 IRC and’is consistent with fiewer reqmremants in tha 201 2 2015, and 2018 IRC
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3.2 Applying the Code: Step by Step

Applying the wall bracing provisions of the IRC to a building plan is best approached like a routine and
methodical accounting task. Follow the steps below, capturing your information on the attached worksheet (see
Appendix A) to arrive at a code-compliant wall bracing plan.

Step 1: Designate and labsl BWLs on the building plan for each story level and plan direction (N-S and E-
W); identify BWL endpoints and check BWL offsets for compliance with the 4’ offset rule (see
Section 1.6).

Step 2: Determine the BWL support condition (roof only, roof plus one floor, or roof plus two floors) and
assign a BWL spacing value (feet) to each BWL. based on the greatest distance 1o the adjacent
parallel BWLs {see Section 1.6).

Step 3: Select a braced wall panel construction method or metheds for each braced wall line (see Section
2) and record the braced wall line length in feet.

Step 4: Determine the tabulated bracing amount for each BWL (see Table 7) and multiply by all appropriate
adjustment factors in footnotes in Table 8. After ali required adjustments, the amount of bracing
for each BWL shall not be taken as less than 48 inches,

Step 5: Determine the total length of code-compliant BWPs provided in each BWL (verify compliance with
BWP minimum length and adjustments to contributing length as appropriate to the specific BWP
construction method — see Section 2).

Step 6: Verify that the provided total length of bracing from Step 5 meets or exceeds the minimum required
tength of bracing from Step 4.

Step 7: Verify that the BWP spacing limit (e.g., maximum 25’ac) and cumulative end distance (e.g.,
maximum 12.5 feet) of BWPs from the ends of a BWL are met. Also verify that special corner
framing and end panel conditions are provided with the continuous sheathing methods (see
Section 2.3).

NOTE: If the bracing requirements are NOT met in the above steps, consider the following options to find
a compliant solution for each non-compliant BWL:

e Reduce or shift braced wall line openings to allow space for required BWPs

« Reduce BWL spacing (or use interior braced wall lines) to reduce the minimum required
bracing amount

e Limit braced wall line offsets to minimize the number of BWL endpoinis which trigger the
need to locate BWPs within 12.5 feet (cumulative) of each BWL endpoint

« Select a different bracing method which requires less bracing or use one of the various
means to reduce BWP widths as discussed in Section 2

s Use a supplemental solution {See Section 4. 'Beyond Code’ Bracing Solutions)

3.3 Calculating the Required Length of Bracing

Step 4 of Section 3.2 directs the code user to determine the required length of bracing using Table 7 and its
many adjustment factors (footnotes). The minimum total length of braced wall panels required on a given
braced wall line depends on:

» the design wind speed for the building site (per Chapter 3 of the IRC, including consideration of
the site wind exposure and topographic effects, if any)

o the number of stories supported by the BWL under consideration
+ the spacing of adjacent BWLs
s the braced wall panel construction method used

« various adjustment factors in footnotes to Table 7 which "fine fune” bracing amounts to a specific
huilding application

In addition, IRC Section R602.10.1.2 requires that the minimum total length of bracing in a braced wall line not
be taken less than 48 inches.

ABTGRR No. 1601-01
IRC Wall Bracing Guide Page 31 of 63




ABTG Research Report

Determining the required bracing length for each braced wall line can be easily achieved with the use of a
hand-hseld calculator and the following formula:

Minimum Required Bracing = (Tabulated Bracing Length per Table 7) x {applicable adjustments in footnotes to

Table 7)
OR

L'=Lx () x{c)x{d)x(e)x (fh)x(g) x (i)

Where:

L’ = the adjusted minimum required length of bracing

L = the tabulated {unadjusted) length of bracing from Table 7 :
{(b)-(i) = various adjustment factars (footnates) to Table 7 — use as applicable

For example, consider the house in Eigure 17 and BWL #2 in the East-West plan direction supporting one floor
and the roof (i.e., the bottom story street-facing entry wall line). Assume the following conditions:

Design Wind Speed: 90 mph, Exposure B (no topographic effects)

BWL Supporting: roof + 1 floor

BWL Spacing: 30 (maximum distance to BWL #1 or #3)

Bracing Method: WSP  (intermittent bracing)

L (Table 7): 10.5° (tabulated length of bracing, unadjusted)
Factor {b): 1.0 (exposure B, 2 stories)

Factor {(c): 1.1 (roof eave-to-ridge height of 13', interpolated)
Factor {d): 0.85 (9 ceiling height) ‘
Factor {e): 1.3 (three braced wall lines in E-W plan direction)
Factor (f,h): 1.0 (gypsum board finish provided on interior side)
Factor {g): 1.0 (N/A, GB bracing method not used)

Factor {i}: 1.0 (N/A, 8004 hold-down not used on BWPs)

Plugging the numbers into the bracing length equation and multiplying yields:
L'=10.58 x (1.0) x {1.1) x {0.95) x (1.3) x (1.0) x {1.0) x {1.0) = 14.26 feet

The calculated decimal feet of bracing required can be converted to feet-inches as follows using a hand-held
calculator:

14.26 feet = 14 feet + ? inches
0.26 feet x 12 inches per foot = 3 inches (rounded to nearest inch)
14.26 feet = 14 feet — 3 inches

Thus, a total of 14'-3" of bracing is required on BWL#2 for the bottom story of the example house shown in
Figure 17 for the conditions as given above.
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Figure 17: Example house plan for bracing length calculation

In Appendix C of this Guide, calculation of the required bracing lengths is demonstrated for a variety of bracing
methods and conditions on two typical house plans.

3.4 Verifying the Provided Length of Bracing

In Section 3.2, Step 5 prompts the user to determine the length of bracing provided in a braced wall line by
counting the total length of code-compliant braced wall panels. In Step 6 of Section 3.2, this amount is then
compared to the required amount of bracing (as determined in the previous section or Step 4 of Section 3.2)
to verify compliance. This process is repeated for each braced wall ling in a building. The provided length of
bracing (cumulative length of braced wall panels) within a braced wall line is determined as follows:

Using the example from Section 3.3, the required amount of bracing for BWL #2 (first story level) was
determined to be 14'-3” of WSP bracing method. In Figure 17, there are four potential locations for
BWPs on the exterior wall line designated as BWL #2 {assuming the wall does not continue through
the garage). Thus, the width of each of these four wall segments must be roughly 43 inches (14'-3”
divided by 4, or 171"/4 = 43" rounded to the nearest inch) assuming equal pansl widths.

However, this BWP length is iess than the minimum BWP length required for the WSP bracing method
(see Tabls 2). 48" BWP width is required for each wall segment for a total of 4 panels x 4 feet per panel
= 16 feet of total bracing. This amount of bracing, if feasible, exceeds the required 14'-3" of WSP

hracing.

If insufficient space exists for 48-inch-long BWPs, other alternatives must be considerad such as the
CS-WSP or CS-SFB bracing methods. Using the "partial credit” approach for braced wall panels less
than 48 inches in length (see Table 3) can also be considered but, in this case, would only result in the
allowance for 46" braced wall panel actual length, giving an effective length of 43" (by interpolation
using Tahle 3). Using four 46" BWPs panels would barely exceed the required bracing amount of 14'-
3" {i.e., 4 panels x 43" effective length per panel = 172" or 14'-4").

For this particular example, using the continucus sheathing methods {or a code-approved proprietary
bracing method) appears to be more practical for the lower story BWL #2, but it also would require
verifying acceptable BWP lengths for each wall segment based on adjacent opening clear heights (see

Section 2.3).

Far other braced wall lines, however, the intermittent bracing methods would generally present few
challenges, especially on the 2" stary level.

In Appendix C of this Guide, determination of braced wall panel lengths provided by use of various braced wall
panel construction methods is demonstrated for two typical house plans and a variety of conditions.

ABTGRR No. 1601-01
IRC Wall Bracing Guide Page 33 of 63




ABTG Research Report

Section 4: ‘Beyond Code’ Bracing Solutions

4.1 Overview
When the IRC bracing methods fail to provide a workable or code-compliant solution for a given braced wall
line or for a dwelling as a whole, consider:

« Custom engineared solutions (Section 4.2)
¢ Ussaful engineering concepts (Section 4.3)

« Code approved proprietary bracing products (Seclion 4.4)

4.2 Custom Engineered Solutions
Using custom engineered bracing solutions for an entire dwelling or for a non-compliant portion of a dwelling
is permitted per IRC Sections R104.10, Section R104.11 and Section R301.1.3.

In general, an engineered solution must comply with accepted engineering practice using the building code
resources and standards listed in Section 6 of this Guide. Accepted engineering practice may also involve use
of recognized design resources such as the Residential Structural Design Guide — 2000 Edition (HUD, 2000)
which provides data and insights beyond those found in building codes, design standards and typical textbooks
(see Section 6: Resources and References).

Remember, though, all of these sources of “accepted engineering practice” do not replace the need for practical
engineering judgment in designing a wall bracing solution for a conventional wood frame dwelling. In part, this
is because the structural performance of conventional light-frame construction - particularly at a system level -
. is not easily or accurately predicted by current conventions of engineering theory and analysis (Crandell and
Kochkin, 2003). Therefore, it is important to employ a design professional or engineer that has a practical
understanding of residential wood frame construction and structural design.

Unfortunately, in many cases the application of accepted engineering practice as regulated in the building code
generally results in a very conservative design for lateral bracing in comparison to the /RC wall bracing
provisions. However, for buildings within the scope of the IRC, the engineering approach used fo develop the
IRC bracing requirements (i.e., Table 7) may be considered as an acceptable engineering practice (in fact, itis
recognized as such by its use as the basis for the /RC bracing provisions). The /RC engineering approach for
“braced walls” (as different from "shear walls” — the term for traditionally engineered walls) is detailed in Crandell
(2007) and Crandell and Martin (2009); refer to Section 6: Resources and References. This method, however,
must be applied by a registered design professional in conformance with locally applicable laws for the practice
of engineering. The design professional must also determine design loads as required by the lacally applicable
building code. While this may add design fees to the cost of construction, a specific analysis using the IRC
engineering procedure can result in significant cost-savings and construction efficiencies.

As an alternative to the above described method, it is also possible to apply the IRC bracing provision in a
manner consistent with engineering principles. An example design showing a fairly efficient solution for a
reasonably complex house plan is included in Appendix B. The design example was developed by the author
of this guide as a result of the ICC Ad Hoc Wall Bracing Committee’s interest in exploring various ways to
configure and implement the /RC's wall bracing provision.

4.3 Useful Engineering Concepts

In many cases, an engineered bracing solution may meet the intent of the building code for a specific bracing
problem and also address a common bracing design issue with a solution that can be used repetitively on
different plans with similar conditions.

Use of these engineering concepts may require local building official approval and will
generally require the services of a design professional.

interior Partition Walls as a Bracing Method — Because standard interior partition walls are
constructed in much the same manner as Method GB wall bracing (except for the fastening schedule},
these types of interior walls can be considered for their contribution to the bracing of a residential
building. However, standard interior finishes on the inside face of exterior braced wall lines should not
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be additicnally considered because its contribution is already factored into the prescribed bracing
amounts in the IRC.

A double-sided interior partition wall with a minimum %" gypsum wall board on both faces and using
standard fastening per /RC Table R702.3.5 provides approximately one-half the bracing strength of
Method GB with panels on ‘both sides'. As a rule of thumb, intericr partition walls with segments of at
least 48" width and a minimum %2" thick gypsum panels on both wall faces may be counted as a braced
wall line (i.e., Method GB with gypsum panels on one side is approximately equivalent to a standard
interior partition wall with gypsum panels on both sides).

Altering Braced Wall Panel Location Requirements — The /RC requirement to locate braced wall
panels no further than 12.5' from the ends of braced wall lines and no more than 25'oc comes from a
traditional practice (i.e., the 25'oc requirement was intended for high seismic regions in the 1958 HUD
Minimum Property Standards where additional bracing is required at more than just at the ends of
exterior wall lines). However, design calculations show that panels can be spaced further apart -
provided the wall top plate and its splices are designed to collect in-plane or parallel shear (racking
forces) along the top of the wall and transfer them to the braced wall panels. In fact, a system of
elements (including more than just the top plate) transfers these forces along wall lines and into braced
wall panels. This consideration and a general approach to designing collectors (e.g., top plates and
top plate splices) are presented in the Residential Structural Design Guide — 2000 Edition (HUD, 2000).
As a result, in specific cases, braced wall panels can be designed to begin further than 12.5’ from the
ends of a braced wall line and spaced greater than 25'oc along a braced wall line provided that:

¢ an adequate overall bracing amount is maintained for a braced wall line and

« the collector {top plate) is designed to accommodate the additional in-plane tension or compression
forces that result from a wider spacing of braced wall panels. Typically, this only affects the number
or size of fasteners used in lap-splices of the top plate.

Allowance for Bracing Transfer — Buildings that are adequately braced on three sides are stable
against lateral loads due to the ability of racking forces (shear) to be redistributed by torsional {twisting)
response of the building (see Figure 18). Therefore, bracing amounts for braced wall lines on the longer
side of a dwelling or on a garage may be reduced to the minimum required in Table 7 or less. In these
cases, the amount of bracing equivalent to that which was removed must be placed on {transferred to)
the opposite side of the building. This approach provides an easy and practical solution when
addressing bracing of garages where little or no bracing is provided at the garage opening wall line,
but ample space is provided for additional bracing on the rear wall as well as the side walls of the
garage.
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Figure 18: Bracing Transfer

Allowance for > 4’ % limit for Offsets within a Braced Wall Line — The 4’ offset limit for braced wall
lines in the IRC is not based on analysis or specific data. However, data from the Northridge
earthquake, as well as whole-building fests, have demonstrated that the existing 4' offset Iimit is
conservative and somewhat arbitrary (see Section 6: Resources and References).

For example, whole building tests have shown the ability of conventional homes to distribute loads
adequately to braced wall lines that have offsets of 6' (HUD, 2001). In addition, no measurable
difference in performance of homes with and without 4’ offsets in braced wall lines was observed in
carefully studied damage statistics for single family detached homes (HUD, 1999). Use engineering
judgment with applying the existing 4' offset limit.

Combined Roof Uplift and Shear Load Path — As mentioned, the 2009 IRC bracing provisions first
introduced wind uplift connection requirements for braced wall panels that support roof members,
Section 2 4 The additional connections, when required, may be provided by metal strapping or by
appropriate installation of wall sheathing that is also used for bracing. Appropriate installation for
combined uplift and shear resistance generally requires that additional fasteners be added to the
horizontal edges of sheathing panels and that the panels lap over horizontal joints in wall and floor
framing to resist the calculated roof uplift wind force less the resistance provided by dead load {as
factored according to code). The sheathing fasteners used to resist roof uplift forces are in addition to
the fasteners required to resist shear loads or racking. In addition, supplemental wind uplift straps
generally are still required at edges of wall openings where uplift forces are concentrated. One
procedure for design of wood structural panels to resist combined uplift and shear is found in Section
307 of the ICC 600 Standard for Residential Construction in High-Wind Regions; refer to Section_8.
The same principles apply to residential construction in lower wind regions as addressed by the IRC.
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4.4 Proprietary Bracing Products

A variety of proprietary bracing materials and pre-fabricated braced wall panels or frame products are available
that provide efficient solutions where racking loads are high and wall space is limited; refer to Section 6:
Resources and References. Some of these bracing preducts are “in-wall” systems that fit within the thickness
of wall framing and aliow the use of a continuous thickness of insulating foam sheathing on all wall surfaces
{similar to Method LIB). Typically, these types of braces are more expensive than “site-built” braced wall panels
and require a greater level of coordination between foundation and framing phases. In addition, engineering
support may be required, especially for anchorage and foundation design. In some localities, special
inspections may be required.

4 -

477
. -
LR Y £ )

Contact the proprietary brace manufacturer for additional guidance and requirements,

For these proprietary products, minimum braced panel or frame widths range fram 12" to 24" or more; allowable
racking (shear) loads range from under 1,000 lbs to over 10,000 Ibs per brace depending on width and type of
panel construction. In some cases, these products can be directly substituted for braced wall panels required
in the IRC provided the proprietary panel has at least equivaleni allowable shear strength. Alternatively,
required bracing lengths can be adjusted as a means of provided equivalent performance.

Section 5: Wall Bracing Options for Foam-Sheathed Walls

5.1 Wall System Design — Bracing and Beyond

When used properly, various wall bracing methods included in /RC Section R602.10 provide equivalent and
code-compliant minimum performance. Being able to select from among different bracing methods on the basis
of equivalent performance facilitates a competitive market in which both cost and performance of wall
assemblies can be optimized by the code user. Thus, the code user is able to arrive at code-compliant sclutions
that sirike the best overall balance between various wall design decisions including:

« Rasistance to structural loads
+ Energy efficiency

o Support of wall coverings

+ Moisture resistance

e Architectural appearance and function (e.g., size and distribution of windows and doors, interior and
exterior wall layout, etc.) and

s Affordability or cost-effectiveness

5.2 Why Use Foam Sheathing?

The functions of a wall assembly and the advantages of using insulaied foam sheathings are well known and
highlighted in Table 8 and Figure 19. Foam sheathing can serve many different functions in a wall design —
continuous insulation, water resistant barrier, siding backer board, etc - so it is important that the designer is
aware that bracing requirements are only one of the many functions that must be considered in the design of
a code-compliant (or “code plus”) wall assembly. For example, with energy conservation becoming increasingly
important and marketable for a variety of reasons, the Insulation value of continuous foam sheathing makes it
an ideal wall component. Fortunately, racking requirements can be easily addressed to compliment the use of
insulation sheathing which is not intended to provide bracing.

Although foam sheathing is NOT an acceptable wall bracing material on its own, the additional benefits —
especially for energy efficiency and moisture resistance — and the range of available of compatible bracing
techniques — makes it a preferred choice in many wall cenfigurations.
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= IRC. -

Code Reference® |

All sheathings must comply with

vapor flow

condensation in the wall

Use with approved bracing methods. Section RE0210 | gypycpyral requirements of the code,
Provide Use with approved load path Table 602.3(1), as detailed in this document.
strepgth and methods. R802.10.5, R802.11 | Refer to ANSWSBCA FS 100
rigidity Use with appropriate siding Table R703.4, standard for foam sheathing wind
requirements to resist wind pressure R703.11.2 raing when not use as
- oversheathing.
Continuous  foam - sheathing
, insulation reduces heat loss through
Control heat | RedUCES thermal shorts by Insulating wall framing by insulating the whole
fow the entire wall surface, not just Chapter 11 wall (see Figure 19).
between studs Also, may help mest energy
requirements with lower cost 2x4
walls instead of 2x6 walls.
Fasten foam sheathing directly to Moslt foam sheathing products are air
igggu 2:1;2%? than house wrap over installation details for continuous of
g. the air barrier assembly,
Approved foam sheathing materials
. R703.2 and accessories (e.g., joint tape and
Control rain Can qualify as a water resistive barrier T flashing tapes) can be used as a
penetration Table RY03.4
e water-resistive barrier and does not
need a separate WRB/wrap.
Water vapor becomes a problem in
walls when it condenses into liquid
water. When specified at an
Can control water vapor flow through . g .
Contral water the wall and reduce the potential for R601.3 appropriate R-value, foam sheathing

reduces the  potentidl  for
condensation in walls by helping to
keep the inside of the wall above the
“dew point” femperature,

& In accordance with IRC 2008.
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In a typical framed wall with only cavity insulation, over 25% of
the wall area is uninsulated wood framing, forming a large
thermal short. By installing foam insulation sheathing over the
studs, a full insulation ‘envelop’ provides energy efficiency as well
as a moisture resistant barrier for the wall system - somathing
structural panels are unable fo provide,

>25% of wall area is uninsulated

Figure 19: Cavity Insulation and Wall Framing

Remember that bigger does not necessarily mean stronger; using larger studs (e.g., 2 X 6 vs. 2 x 4) does not
affect or improve resistance to lateral loads and may not provide the most efficient, code-compliant means of
insulating a wall and supporting the structure. Think of the wall as a system where all functions need to be
addressed and optimized.

5.3 Meeting Energy Code Requirements

Always confirm that applicable energy code requirements are being met, regardless of the type of bracing
method and insulation strategy used. In many locations, installing insulated foam sheathing will easily provide
the required wall R-values. For example, in moderately cold climates where R20 cavity insulation or R13 cavity
insulation plus R5 continuous foam sheathing insulation is required (e.g., see Climate Zones 4 and greater in
Chapter 11 of the IRC), use of a 1-inch thickness of foam sheathing can readily meet the building code
requirements. Thus, the foam sheathing allows use of traditional 2x4 studs {R13 cavity insulation) in lieu of 2x6
studs {R2¢ cavily insulation) while still meeting the structural requirements for wall framing in Chapter 6 of the
IRC. In addition, the foam sheathing may serve as the water resistive barrier (if approved — check with
manufacturer) and air-barrier, eliminating the need for a separate building wrap. Clearly foam sheathings can
result in efficient wall assemblies that conserve natural resources with a low first cost and provide a beneficial
long-term pay-back.

5.4 Which Bracing Method(s) to use with Foam Sheathing?

As summarized in Table 10, different bracing methods can be used to construct code-compliant, foam-
sheathed walls. Remember that more than one bracing method can be used on a dwelling — or even within a
braced wall line.
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Bracing Met

LIB: 1x4 wood lat-in
brace or approved metal | Cons: Not practicable for braced wall lines with substantial wail opening amounts for windows
brace and doors; limited to one- or two-story structures

Pros: Use %" foam sheathing over brace panels and 1" foam in-between hraced wall panels

WSP: Wood structural for improved energy efficiency.

anels
SFB-pSlructural Cons: Bracad wall panels less than 48” wide {or 36" wide with “partial credit’} do not count
: toward required bracing amounts so these methods may not be applicable ta braced wall

;:Fuberboard lines with substantial wall opening amounts for windows and doors.

Pros: Use single side, interior application with exterior foam sheathing on wall lines where
minimum 86" lengths are uninterrupted by openings (e.g., end walls). Use on interior braced
walf lines {both sides) to meet braced wall line spacing limits or to reduce bracing amount
GB; Gypsum board required on parallel exterior braced wall lines.

Cons: Must attach gypsum panels using more stringent fastening schedule than standard for
interior finishes. Single side applications may not be applicable to walls with substantial wall
opening amounts for windows and doors.

Pros: Place foam sheathing aver woed structural panels for both insulation and as a weather-

ﬁ:&?gttui?::;?u::; resistant barrier behind siding when properly detailed (taped joints, flashed at wall system
sheathin (R602F1)0 8, penetrations); in cold climates, properly sized foam sheathing can serve to protect wood
- g ch sheathing and framing from condensation by creating a “warm wall".
s?if&?;;gg?gg:fd Cons: Size and install siding fasteners to adequately penetrate studs through exterior
sheathing (R602.10.5) sheathing layers. Consider drainable siding installations, especially in wind-driven rain
g o climates {e.g., wood or cement lap siding on furring, vinyl siding, brick veneer, etc.).
Method ABW Pros: Allows for minimum 32" braced wall panel but otherwise similar to Method WSP and
SFB in terms of foam sheathing applications.

Aiternate braced wall Cons: Requires additional framing expense for hold-down brackets and additional fastening
panels {R602.10.3.2) of sheathing.

Method PFH or PFG Pros: Use at Garage doors or other larger openings where there are limited wall areas

. adjacent to the openings. Allows a minimum 16" or 24" braced wall panel; otherwise similar
Intermittent Portal Frame | to Method WSP and SFB in terms of foam sheathing applications.

(with hold downs) Cons: Framing methods are non-typical and require special attention for proper assembly.
Table 10: Common Wall Bracing Methods and Foam Sheathing Applications

Because a variety of bracing methods can be used — even along one wall — optimizing the wall design can be
achieved on a BWL-by-BWL basis as shown in Figure 20.

& Refer fo Section 2 of this guide for 2 more complete listing of bracing methods and details.
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Figure 20: lllustration of Bracing Methods with Foam Sheathing

5.5 Examples
Generally, when using a foam-sheathed wall assembly, the following bracing approaches are commonly used

to maximize the benefits of foam sheathing and minimum cost while still complying with wall bracing
requirements. These approaches can be applied to an entire building or to different exterior wall lines for more

complex building pEans

nstallation Details -

s Apply foam sheathing of selected thickness (1 minimum, K]
common, and up to as much as 2" or more) continuously
over the entire framed wall area.

» Detail foam to act as an air andfor water barrier (e.g., joints
taped and/or seams flashed at window and door edges) and
to replace building paper or wrap under siding.

s Use bracing methods that are inset or “internal” to the wall
framing, such as the traditional Method LIB wood let-in
bracing or code-approved equivalent metal braces (See
Section 6)

Example 1: Continuous Foam Sheathing with Internal or Inset Wali Bracing (Method LIB)

- :Benefit-:

Maximizes energy efficiency

Minimizes cost

Allows use of 2x4 vs, 2x6 studs

Allows use of less expensive normal density batt
insulation to meet energy code {8.g., in northem
climales were required wall insulation exceeds R13).
« Foam sheathing serves mulliple functions (siding
backer, air-barrier, and water barrier).
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: Benefit- e _ Installation Detaj =

. Place foam -sheathing directly over a fuIIy or con{muously
. , sheathed wall, using a code-compliant structural panel (‘over

Maximizes energy efficiency sheathing),
Provides a thermal blanket to reduce thermal short- |, js6 0SB or plywood panels, fiberboard sheathing (Method SFB)
circuiting through studs _ _ or other propristary products (e.g., laminated cellulosic panels -

¢ Reduces moisture condensation during cooler Thermo-ply or Energy brace).

months that may ocour with non-insulating exterior |, petaj foam to act as an air andlor water barrier (e.g., joints taped
sheathing in mixed and cold climates and/or seams flashed at window and door edges) and to replace

building paper or wrap under siding.
Example 2: Continuous Foam Sheathing over Conlinuous Bracing Panels

. Maxffhizes energy efficiency “|'e Place foam- sheathing directly over intermittent brace paneis in the

¢ Provides a thermal blanket to reduce thermal short- braced wall line (e.q., install 12" foam over brace panel and 1" foam
circuiting through studs between brace panel).

e Reduces moisture condensation during colder | * Detail foam to act as an air and/or water barrier (e.g., joints taped
months that may occur with non-insulating exteriar and/or seams flashed at window and door edges) and fo replace
sheathing in mixed and cold climates building paper or wrap under siding.

Example 3: Continuous, Variable Thickness Foam Sheathing over Intermittent Brace Panels

. <Installation Petails 2
. Install W' foam msulatnon sheathing to ﬂush wall ling to 7/16" OSB
or plywood panels.

« Provides high insulation value to meet or exceed | ¢ Cover all wood panels with a moisture resistant barrier (house

 Benefit

energy code requirements wrap) or tape all joints in the foam sheathing.

o |fstructural sheathing panels comprise 25% orless of | » If foam sheathing is applied on end gables {without structural
the wall square footage the building is considered to sheathing underneath), ensure proper wind pressure
be fully sheathed with confinuous insulation. performance in accordance with Appendix B. Also, an appropriate

ignition barrier may be required on the interior of the gable end
(see IRC Section R316.5.3).

Example 4: Foam Sheathing Only Between Intermittent Brace Panels

NOTE: The energy code allowance to use reduced thickness of foam sheathing over intermittent bracing panels
only applies to walls where no more than 40% of the gross area of the wall is covered with structural panels.

5.6 Interfaces between Materials

Because many different types of bracing and materials may be used on a single dwelling, care must be taken
at these interfaces. For example, if one wall uses foam sheathing with metal bracing and another wall uses
wood sheathing with house wrap, the designer has three options:

1. Continue the house wrap over the foam sheathing and tape all seams securely.

2. Wrap the house wrap at least 6” over the feam insulation and securely tape the house wrap to the
foam sheathing.

3. Continue the foam sheathing over the wood sheathing (use %2") called “oversheathing” and detail
the foam sheathing as the weather barrier using tape at the joints.
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Section 6: Resources and References

Wall Bracing Design Resources:
International Residential Code (ICC, 2008; 2012; 2015; 2018} — www.iccsafe.org
Chapters 16 and 23 of the Infernational Building Code (ICC, 2006-2018) — www.iccsafe.org
Minimum Design Loads for Buildings and Other Structures (ASCE, 2005; 2010; 2016) — www.asce.org

National Design Specification for Wood Construction (AF&PA, 2005; 2008; 2012; 2015; 2018) —
WWW.awe.org . 7
Special Design Provisions for Wind and Seismic (AF&PA, 2005; 2008; 2012; 2015; 2018) —
WWW.awc.org : .
Standard for Residential Construction in High-Wind Regions, ICC 600-2008; 2014 — www.iccsafe.ofrg

The Story behind IRC Walf Bracing Provisions, Jay H. Crandell, P.E. (Wood Design' Facus, Summer
2007), www.appliedbuildingtech.com

The Story Behind the 2009 IRC Wall Bracing Frovisions (Part 2: New Wind Bracing Requirements),
Jay H. Crandell, P.E. and Zeno Martin, P.E, (Wood Desigh Focus, Spring 2009),

www.appliedbuildingtech.com

Common Engineering issues in Conventional Construction, Jay H. Crandell, P.E. and Viadimir
Kochkin, P.E. (Wood Design Focus, Vol. 13, No. 3, Fall 2003).

Evaluation of Housing Performance and Seismic Design Implications in the Northridge Earthquake,
U.S. Department of Housing and Urban Development, Washington, DC. 1999 — available as free
download at www.huduser.org

Residential Structural Design Guide — 2000 Edition (HUD, 2000) — available as free download at
www.huduser.orq

A Guide to the 2009 IRC® Wood Wail Bracing Provisions (}CC, 2009) - www.iccsafe.org

Proprietary Bracing Products:
s Composite structural insulated panels {various manufacturers/products)

s T metal wall braces (www.{amlyn.com)

« L and T metal wall braces {(www.uspconnectors.com}

+ Inset Wood Shear Pane! {(www.tamlyn.com)

» Strong-Wall Panels (www.strongtie.com)

¢ Hardy Frame {(www.hardyframe.com)

¢ Shear Max Panels (www.shearmax.com)

» TJ Shear Panels (www.ilevel.com)

Disclaimer
The information contained in this guide is provided for educational purposes only. FSC does not assume any
warranly, expressed or implied, related to any use of this guide. The user assumes all liability for use of this
information and should consult the locally applicable building code or a design professional as appropriate.
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Appendix B:
Engineered Design Example Using /IRC Bracing Provisions

Perhaps one of the most efficient methods of designing a house is fo use the IRC bracing provisions together with an
engineering-based approach. The design principles and approach used to develop the /RC bracing provisions may also be
employed to determined engineered solutions in a manner consistent with the /RC pravisions (refer to Crandell and Martin,
2009). The following example demonstrates an engineering-based approach to applying the [RC's prescriptive (pre-
engineered) bracing requirements.
Objectives

s Apply IRC 2008 wall bracing provisions to an example plan (1st story level only)

« Demonstrate a simple and effective engineering-based method of mesting bracing requirements whereby the fotal
wall bracing amount required for each story level and plan direction is determined and then the total bracing amount
is distributed evenly to selected braced wall lines.

« Typical large production house plan 2-1/2 story with basement and integral/attached garage (see Figure B1)
+«  Wind Speed — 80 mph (Exposure B)

e Seismic Design Categoery — SDC A/B {(exempt)

+ Spedcial wind bracing amount adjustment factors Table 8:

Main Building Portion
o Wind Exposure B & 3 story — 1.0 (based on rear elevation)

o Roof eave-to-ridge height, 13 f — 1.1 factor
o 9 Wall height: 0.95 {(main building)
Wings (Conservatory and Suite)

o Wind Exposure B & 2 story — 1.0 (based on rear elevation)

o Roof eave-to-ridge height, 10 ft — 1.0 factor

o 10" Wall height: 1.0 {conservatory and 1st floor suite)

General

o # of BWLs adjustment {not applicable — bracing based on total for overall plan dimensions)

o All bracing has interior GWB finish per IRC Chapter 7
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Figure 21: Elevation Views of Example House
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Bracing Analysis
STEP 1: Determine Dimensions of Two-Story and One-Story Portions of 1! Story Floor Plan

68’

AE ey e

;1:—3:4!_&_ l_b:i.g'. [

ELEVATION "¢

Fi L ¥rLpses

- s : l iy I HPPVER Y VY
: s S 4

£ PIRST FLOCR PLAN
T TR

Figure B2: Plan View of Example House Plan

STEP 2: Determine Total Amount of Bracing Required for 15! Story Portions
Main Building {2-story Portion, 56’ x 66')

Front-to-Back Direction: 2* x (19° WSP)(1.0)(1.1)0.95) = 40 feet WSP (total required)
Left-to-Right Direction: 2* x (22° WSP*)(1.0)(1.1)(0.95) = 46 feet WSP (total required)

Conservatory & Suite (1-story Portions, 15’ x 22’ ea.)

Front-to-Back Direction: 2* x (3’ WSP){1.0)(1.0)(1.0) = 6 feet WSP (total required)
Left-to-Right Direction: H(A%NS%Q—Q—)Q@}H—Q}}—QJ%#—WSP—&G@-@W} NOT APPLICABLE, plan area is
in “shadow” of sail area for main building in this wind loading direction.

*NOTE: factor of 2 doubles tabulated bracing which is based on two braced wall fines to resulf in a fotal amount of bracing for the building
poriion/story level. Also, for 66’ BWL spacing in left-to-right loading direction for main building portion, the 22" length for WSP is derived by
linear proporfioning refative to the 60° BWL spacing limit (i.e., 66'/60" x 20’ = 22°) -~ same result as if Table 7 had been calculated for the farger
BWL spacing.

STEP 3: Select & ldentify First Story BWLs for Even Distribution of Required Bracing

Five wall lines in each plan direction are selected.
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Figure B3: Plan View with Braced Wal Lines

STEP 4: Evenly Distribute Bracing to Selected Wall Lines & Check Compliance

Froni-to-Back Wall Lines

Wall Line 1: 3’ of WSP bracing required {560% of 6" WSP total required for conservatory)
= OK, 4 provided as CS-WSP {2’ of bracing provided at each end with 2’ corner returns).
Could also use CS-PF if necessary to achieve 18" panel widths for a total of exactly 3’ of bracing.

Wall Line 2: 3 WSP (50% of conservatory bracing) + 1/3(40° WSP, main building) = 16.3 ft WSP required
=2 0K, ~16 of WSP bracing provided on exterior wall plus additional 22" of GWB interior wall not counted.
One third of main building bracing is distributed to each of three Wali Lines (2, 3, and 4).

Wall Line 3: 1/3 (40' WSP, main building) = 13.3 ft WSP required
= 0K, 8.5 WSP + 8 WSP (2-3.5" segments at partial credit) = 15.6 feet provided plus additional 20’ of interior wall

not counted.

Wall Line 4: Same as Wall Line 2 = 16.3 ft WSP required.

= 5 of WSP is provided adjacent to one garage opening. Thus, 11.3" of WSP or equivalent must be provided on
the interior wall line between suite and main building. Based on WSP (700 pif} and GB, 2-sided (400 plf) per
Crandell and Martin (2009), the equivalent amount of GB, 2-sided required on the interior wall portion is
(700/400)x11.3" = (1.75)x11.3' = 19.8". 19’ of interior wall is available (< 19.8', barely not OK).
Therefore, use GB-2sided with 4”oc fastening so required length is 0.7 x 19.8" GB-2sided (7"oc) = 14’ required
of GB-2sided, 4"oc fastening. In summary, wall line has 5" of WSP on exterior portion and 19’ of GB-2sided
{4"oc fastening) on interior portion which is more than required. OK.

Wall Line 5: Same as Wall Line 1 = 3’ of WSP required.
= Use two 4-foot WSP panels at corners. 8 WSP provided. OK.
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Left-to-Right Wall Lines
Distribute total bracing length required (46" WSP or equivalent) to the five wall lines as follows:

Wall Line A: 8% x 46'WSP = 3.7 feet WSP

Wall Line B: 17% x 46'WSP = 7.8 fest WSP

Wall Line C: 50% x 46'WSP = 23 fest WSP

Wall Line D: 17% x 46'WSP = 7.8 feet WSP

Wall Line E; 8% x 46°WSP = 3.7 feet WSP
100% x 468' WSP = 46" WSP

NOTE: The above distribution can be taken to represent a maximal inward distribution of wall bracing fo interior Wall Line C rather than to
exterior Wall Lines A, B, D, or E. However, this still results in 25% of bracing on the front and back exterior building elevations with 50% on
the interior (much like a simple tributary area bracing distribution). If the building had fewer interior walls {more interior open space) and less
openings on the front and rear facing extetior walls, then more of the bracing could have been distributed toward Wall Lines A, B, D, and E

rather than C. | |
Verify adequate bracing is provided in each wall line to meet the distribution targeis above:

Wall Line A: 3.7 feet of WSP required.
= OK. Use 4’ of CS-WSP (2' of bracing provided at each end with 2’ corner returns),
Could also use CS-PF if necessary to achieve 22° panel widths for a total of exactly 3.7' of bracing.

Wall Line B: 7.8 feet of WSP required.
=2 OK. ~16' of WSP provided.

Wall Line C: 23 feet of W3P reqguired.

= OK. Use 8' of CS5-WSP on suite exterior wall portion. Thus, (23~ 8') = 15" of WSP equivalent is required on
interior walls along Wall Line C. If GB 2-sided is used, the equivalent amount required for the interior wall
portions is 1.75 x 15’ = 26.25" GB, 2-sided (7"oc fastening).
The amount of GB, 2-sided provided is 20’ along garage wall plus 4" along pantry plus 9’ along living room for
a total of 33’ feet provided > 26.25’ required,
Other interior wall segments (single sided GB and double sided) are ignored. The wall line has more than
adequate capacity to resist 50% of the story shear and provide 50% of required story bracing.

Wall Line D: 7.8 feet of bracing reqguired.
= OK. Two 4-foot WSP panels provided for 8 feet total.
Cauld use partial credit for other panels atong front entry wall if it had been needed.

Wall Line E: 3.7 feet of bracing required.
=2 OK. Use two 3-foot braced wall panels each worth partial credit of 27 inches or 54 inches (4.5 feet) total which

is more than the required 3.7 fest of WSP.
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Appendix C:
Design Examples

This supplement presents two complete wall bracing design examples to illustrate application of the various bracing
methods and the provisions in /RC Section R602.10. These examples are also generally applicable to the 2012, 2015,
and 2018 editions of the IRC. Both examples demonstrate the use of a simple step-by-step design method as explained in
the IRC Wall Bracing: A Guide for Builders, Designers and Plan Reviewars (‘'Guide’) — Refer to Section 3 and the bracing
worksheet in Appendix A of the Guide

Example #C1 fHlustrates a very simple, affordable home application that presents few challenges. Two
representative bracing methods are featured for comparison purposes and to illustrate differences and similarities

in requirements, ;

Example #C2 represents a more complicated building plan that requires some effort to achieve codé compliance,
regardless of the IRC bracing method used. This example also illustrates how to implement some of the more
advanced recommendations found in the ‘Guide’ to address difficult conditions or challenging design objectives.
For example, combining multiple bracing methods or techniques on the same plan clearly highlight the design
flexibility in selecting wall assemblies that best serve structural, cost, durability and energy performance objectives
of a given project.

Because each building plan may present unique challenges or design objectives that require a careful censideration of
code compliance in a variety of ways, it is impossible to illustrate every conceivable application or code-compliant
solution for wall bracing. While these examples apply concepts that are appropriate to a variety of applications, it is
advisable to verify compliance with the locally-applicable building code, refer to additional resources as needed, and use
a design professional when in doubt. ' ‘

Free resources at hftp://www.continuousinsulation.org/ and
www.appliedbuildingtech.com — For additional information and design
details referenced in this Supplement, refer to IRC Wall Bracing: A
Guide for Builders, Designers and Plan Reviewers with Supplemental
Information on Appropriate Use of Foam Sheathing.

EXAMPLE #C1 — One Story Home {Simple Building Plan)

Objectives
« Evaluate bracing requirements for two basic (or traditional) wall bracing metheds
»  Allow wall systems o be compared with respact to first cost, energy efficiency (monthly cost), and requirements
(depends on local climate, materials costs, etc.).
Refer to Section 5 for information on bracing strategies for energy efficient wall assemblies using foam sheathing.

Given
s Typical one-story entry-level (starter) home with 8’ ceiling height (see Figure 1)
Design wind speed = 80 mph (Exposure B, no topographic effect) per IRC Section 301.2
Seismic Design Category A, B, or C (exempt from IRC seismic provisions)
Required wall system R-value of R19 {cavity) or R13 (cavity) + R5 (continuous) as common to northern, heating
climates per IRC Chapter 11 Energy Conservation
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ption#- ==
LIB - 1x4 wood let-in braces

WSP - wood structural panel braces

Bracing Method {use USP $365 60° or WBT12 45¢ T- "
braces) {use 7/16" OSB)
Framing 2x4 studs at 16"0c 2x6 studs at 16™oc¢ or 24"0¢
~1" continuous RS foam sheathing 7/16" OSB sheathing
Exterior Sheathing installed as a combined (covered with separate building wrap for
airfthermalfwater barrier alr/water barrier)
Vinyl Vinyl
Siding {see IRC R703.11.2 for installation over | {see IRC R703.11 and Table R703.4 for
foam sheathing) installation over wood structural panels)
Interior Finish %" gypsum wall board " gypsum wall board
R13 kraft-faced batis R19 kraft-faced batts

C::: ;?n:[;z:l:}tr:?eﬁ'& {kraft vapor retarder may be eliminated | (in fimited cases kraft vapor retarder
side vanor ratarder with use of foam sheathing —see IRC | may be eliminated with use of vented
P R601.3) siding - see IRC R601.3)

+ Uses thicker wall system and larger
studs {structurally unnecessary for

o Requites least materials and layers g‘;s E:fn) thicker doorhwind
on wall to achieve overall code jan?bs €5 thicker doorwincow
Comments complianice e !%" foam sheathing may be applied

o Provides energy efficiency
comparable fo 2x6 walls, but using
standard 2x4 wall framing

over required OSB braging panels
and 1" foam sheathing betwsen
OSB panels to meet energy code
and allow use of 2x4 wall framing
with R13 cavity insulation

Table C1: Wall Assemblies & Bracing Methods Considered

Application of IRC Bracing Requirements

Due to the small plan size of this home (less than the 60" maximum plan dimension} and adequate space for bracing on
exterior walls, no interior braced wall lines are required for this plan. As shown in the floor plan in Figure C1, four exterior
braced wall lines are identified. The rear braced wall line is drawn to split the offset in the rear wall line. Refer to Section 1
of the ‘Guide’, in particular the definition for 'braced wall line’ and Figure 2,

Note that even though interior walls are not specifically desighed as ‘braced wall lines’, they will contribute substantially to
the racking strength of the whole building. Portions of the exterior walls where braced wall panels (or braces) are not located,
but which include interior gypsum wall board finishes, also contribute additional racking strength to the building. These “non-
structural” systems (from the standpoint of how the code defines bracing) may actually provide adequate bracing of this
particular home plan even in the absence of specified braced wall panels on the exterior walls. However, always ensure
that the required bracing is provided in compliance with the IRC.
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Figure C1: House Plan for Example #C1 with Designated Braced Wall Lines 7

Refer to Table C2 for a detailed analysis of bracing requirements and two solutions {options) for each braced wall line in
Example #CA1.

7 House plan #3435VL: “Starter Home with Two Covered Parches” courtesy of www.architecturaldesigns.com”
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EXAMPLE #C2 - Two-Story Home (Complex Building Plan)

Objectives

+ Code compliant wall bracing and energy code compliance
s Minimize cost to comply with energy and structural requirements in base plan
« Maximize energy savings in base plan withouf specifying dual sheathing for the entire building (i.e., foam
sheathing aver structural sheathing)
» Provide a wall bracing strategy to permit an optional plan upgrade for energy efficiency and moisture protection:
» Include %" water-resistant foam sheathing continuously over 7/16" wood structural panels and 1"
foam sheathing in between panels i
= Detail foam sheathing to serve as secondary weather-barrier (eliminating building wrap/paper
because foam sheathing can serve a three-fold purpose as water barrier, air-barrier and thermal
barrier)
»  Maximize use of continuous 1” foam sheathing coverage by using Methed LIB bracing where
possible in lieu of Method WSP or CS-WSP .

Given

Typical model house plan with {see Figures C2 and C3)

Two-story with basement and attached garage (several architectural plan options)

8' ceiling heights; 6:12 roof pitch (8' roof eave-fo-ridge height)

Wind Speed — 100 mph or less per local jurisdiction and IRC Table R301.2(1)

Seismic Design Category — SDC A, B, or C per local jurisdiction and /RC Table R301.2(1)

Bracing Methods Used on Plan
Method LIB {indicated locations and braced wall lines only)
USP §365 (60° angle) and $366 (45° angle) metal T-braces installed per manufacturer instructions and as shown
on plans (NER Report #505).

Method WSP (indicated locations only)
7/16" OSB panels installed in accordance with /RC Section R602.10.2

Method CS-WSP (indicated braced wall lines only)
7/16" OSB panels installed in accordance with /RC Sections R602,10.4 on all sheathable areas of indicated

braced wall lines (i.e., street-facing lower and upper story wall fines)

Method CS-G (at garage opening only)
Garage opening wall is braced as a continuous structural sheathed wall except special allowance for panel width
of 24" next to garage opening supporting roof only is used in accordance /RC Sections R602.10.4. (Refer to

Section 2.3}

Application of IRC Bracing Requirements

As shown in Figures C2 and C3, a number of braced wall lines are required for this plan, including two interior
braced wall fines on the first floor in the left-to-right and front-to-back plan directions.
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4

Figure C2: First and Second Story Floor Plans for Example #C2 with Designed Braced Walt Lines
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Figure C4: Plan Elevafions Showing Side Exterior Braced Wall Line Conditions and Optional Plan Fealures
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ABTG Research Report

Comments on Plan Options Affecting Bracing Strategy
9' first story walls in lieu of standard 8’ walls (applies to lower story walls only):

If this plan option is used the bracing adjustment factor for wall height (footnote 'd’ of Table 8) will
increase from 0.9 to 0.95 which will increase bracing lengths required by about 6%. In a couple of
marginal cases, the bracing provided on some BWLs for the lower story may need to be slightly
revised. Also, most metal LIB braces coms in sizes appropriate for use on 8 and 10’ wall heights.
Thus, a different brace manufacturer or model number will be required where LIB is used in the bracing
plan (Table 2). Where metal LIB braces are used, be sure that they are not just appropriate for:
temporary bracing applications (not all metal brace types are equivalent to LIB bracing in the IRC). As
an alternative, use of WSP braces can be easily substituted where LIB is specified. While structurally
feasible, such substation will impact the thickness (insulating value) of foam sheathing where placed
over a WSP brace. Thus, energy efficiency and related energy code requirements may be impacted
and should be considered.

In summary, if the 9’ first story wall height option is used, LIB bracing oh the first story level may
become slightly more difficult to use and use of WSP or CS-WSP or CS-SFB and other similar bracing
methods or proprietary bracing materials should be considered. In addition, the garage opening CS-G
bracing panels will need fo be increased in width from 24" to 27" to comply with minimum width
requirements; refer to Table 6 in the bracing ‘Guide’. Alternatively, the CS-PF portal framing method
may be used - see Section 2.3 of the 'Guide’.

Side load and three car garage option (lower story, front wall and right side wall):

In this case, the garage opening is part of a much longer braced wall line on the right side of the
building. However, the garage door is located at one end of the wall such that a braced wall panel must
be placed approximately 18’ from the end of the wall line {(exceeding the 12.5’ prescriptive limit). This
can be resolved simply by designing the garage door header and wall fop plate to act as a “drag-strut”
by ensuring that these members are adequately tied together at joints and splices to “drag” shear load
into the rest of the wall line where the required amount of wall bracing is located. This is a simple task,
but requires the services of an engineer. However, a standard detail for repetitive use should be
feasible. (Refer to Section 4 of the 'Guide’ for additional information.)

Window and Fireplace Option (left, lower-story wall):

These optional plan features are adequately addressed in the bracing requirements detailed in Table 2
above, except when both options (windows and fireplace) are included. If both are included,
engineering will be needed to approve a 14.5’ distance of the brace from rear end of BWL #3 on the
first and second story. If a design is required, follow the same procedure for “drag struts” as described
ahove. In many cases, the resulting solution may only require a modest increase in nailing of top plate
splices for the affected wall portion. Note that this design solution applies for any IRC bracing method
that might be used on BWL #3. {Refer to Section 4 of the ‘Guide’ for additional information.)

Bump-out bay window (4.5’ wall line offset created in rear wall line at bump-out):

Care should be taken when applying the "4’ offset rule” {seg Section 1.6) when identifying wall lines
that are considered to be separate braced wall lines. in this case, if braced wall line ‘A’ is located on an
imaginary line 0.5" cutward from rear wall, then the bump out does not create mare than 4’ offset from
the indicated braced wall line location. To allow for this approach and the optional use of the bump-out
bay window, the amount of bracing for BWL ‘A’ should be based on the actual braced wall line spacing
to the interior braced wall line B plus 0.5". This situation does not require that the bump-out walis be
considered as a separate braced wall line as permitted by 2009 IRC Section R602.10.1.4. (Refer to
Figure 2 in the ‘Guide’) Therefore, the bump-out can be considered as a part of the rear braced wall
line without requiring separate bracing of the bump-out portion. This approach was used for BWL A on
the first story of Example #C2 {Table C2).
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Appendix D:
Technical Guidance for Appropriate Use of Foam Sheathing

For additional iechnical data, construction resources, and design tools to assist in the appropriaie, code-compliant use of
foam sheathing, refer to http://www.continuousinsulation.org/ and www.appliedbuildingtech.com.

Resources provided include code-approval reports, research reports, designer tools, construction dstails, and installation
guidelines for windows, cladding attached through foam sheathing, and other similar topics. Designer tools address
energy code compliance, moisture control design, and applications of foam sheathing in fire-resistant wall assemblies.
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