Chapter 12 Commentary

WOOD STRUCTURE DESIGN REQUIREMENTS

12.1.2 REFERENCE DOCUMENTS: Wood construction practices have not been codified in
aform that is standard throughout the country. A major change for the 1997 Provisions was the
incorporation by reference of the Load and Resistance Factor Standard for Engineered Wood
Construction (LRFD), ASCE 16. Engineered wood strength design as prescribed in the
Provisions generally follows the LRFD specification (ASCE 16). Conventional light frame
construction practice as prescribed in the Provisions generally follows the requirements of the
One- and Two-Family Dwelling Code, CABO Code, jointly sponsored by the three model code
organizations. The One- and Two-Family Dwelling Code is arevised and updated version of the
Federal Housing Administration's (FHA) Minimum Property Standards.

APA N375B and PS 2 indicate that the term "structural-use panel” has replaced the term
“plywood” and this change in terminology was reflected in the 1991 and 1994 Provisions and
was continued in this 1997 edition. The term “structural-use panel” includes wood-based
products manufactured to meet a performance standard (PS 2). One requirement of this
performance standard is bracing or lateral force resistance capability. These productsinclude
oriented strand board (OSB), plywood, and composite panels. In the 2000 Provisions, “wood
structural panel” replaces “ structural-use panel.”

Many wood frame structures are a combination of engineered wood and “ conventional” light
frame construction. Wood also is used in combination with other materials (American Institute
of Timber Construction, 1985; Breyer, 1993; Faherty and Williamson, 1989; Hoyle and Woeste,
1989; Somayaji, 1992; Stalnaker and Harris, 1989). The requirements of the model building
codes were used as a resource in developing the requirements introduced in the 1991 Provisions
and further modified in this edition.

The general requirements of Chapter 12 cover construction practices necessary to provide a
performance level of seismic resistance consistent with the purposes stated in Chapter 1. These
requirements also may be related to gravity load capacity and wind force resistance whichisa
natural outgrowth of any design procedure.

For the 2000 Provisions, the reference documents continues to be grouped according to their
primary focus into three subsections: Sec. 12.1.2.1, Engineered Wood Construction; Sec.
12.1.2.2, Conventional Construction; and Sec. 12.1.2.3, Materials Standards.

12.1.3 Notations: These variable definitions are included to assist the reader in understanding
the equations and tables used in the chapter. To the extent possible, these definitions are
compatible with the usage of the symbolsin other chapters of the Provisions and ASCE 16. The
definition of “factored resistance” has been added as the values of A¢D to account for the time
effect factor and resistance factor. Thisisthe basisof al values presented in this chapter.
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12.2 DESIGN METHODS: Prior to the publication of ASCE 16, typical design of wood frame
structures followed the American Forest and Paper Association (AF& PA) National Design
Specification for Wood Construction (NDS) (AF&PA, 1991). The NDSis based on “alowable”
stresses and implied factors of safety. However, the design procedure provided by the Provisions
was devel oped on the premise of the resistance capacity of members and connections at the yield
level (ASCE, 1988; Canadian Wood Council, 1990 and 1991; Keenan, 1986). In order to
accommodate this difference in philosophy, the 1994 and prior editions of the Provisions made
adjustmentsto the tabulated “allowable” stressesin the reference documents.

With the completion of the Load and Resistance Factor Standard for Engineered Wood
Construction (ASCE, 1995), the modifications and use of an “allowable” stress based standard is
no longer necessary. Therefore, the 1997 Provisions includes the LRFD standard by reference
(ASCE 16) and usesit as the primary design procedure for engineered wood construction. The
use of ASCE 16 continuesin the 2000 Provisions. In the 1997 provisions, the resistance shown
in Tables 12.4.3-2a and b were reduced 10 percent to account for capacity reductions observed in
cyclic testing of shear walls. (Dolan, 1996; Rose, 1996). This reduction was reviewed during the
2000 revision of the Provisions when additional test data were available and the decision was
reversed and the resistance values returned to previous levels. However, the capacities provided
for diaphragms were not reduced because the severe, repeated racking damage that occurred in
shear walls has not been noted in diaphragms in recent earthquakes.

Conventional light-frame construction, a prescriptive method of constructing wood structures, is
allowed for some performance categories. These structures must be constructed according to the
requirements set forth in Sec. 12.5 and CABO Code. If the construction deviates from these
prescriptive requirements, then the engineered design requirements of Sec. 12.3 and 12.4 and
ASCE 16 shall befollowed. If astructurethat is classified as conventional construction contains
some structural elements that do not meet the requirements of conventional construction, the
elements in question can be engineered in accordance with Sec. 12.2.2.1 without changing the
rest of the structure to engineered construction. The extent of design to be provided must be
determined by the responsible registered design professional; however, the minimum acceptable
extent is often taken to be force transfer into the element, design of the element, and force
transfer out of the element. This does not apply to a structure that is principally an engineered
structure with minor elements that could be considered conventional. When more than one
braced wall line or diaphragm in any area of a conventional residence requires design, the nature
of the construction may have changed, and engineered design might be appropriate for the entire
lateral-force-resisting system. The absence of a ceiling diaphragm may also create a
configuration that is non-conventional. The requirement for engineering portions of a
conventional construction structure to maintain lateral-force resistance and stiffnessis added to
provide displacement compatibility. Thisissimilar to the requirement in Sec. 12.3.3.

Alternate Strength of Membersand Connections: It remains the intent of the Provisions that
load and resistance factor design be used. When allowable stress design is to be used, however,
the factored resistance of members and connections subjected to seismic forces acting alone or in
combination with other prescribed loads shall be determined using a capacity reduction factor,
(), times 2.16 times the allowabl e stresses permitted in the National Design Specification for
Wood Construction (NDS) and supplements (AF&PA, 1991). The allowable stresses used shall
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not include a duration of load factor, C,. The value of the capacity reduction factor, ¢, shall be
asfollows:

Wood members

In flexure ¢ =1.00
In compression ¢ =0.90
In tension ¢ =1.00
In shear and torsion ¢ =1.00
Connectors

Anchor bolts, bolts, lag bolts, nails, screws, etc. $=0.85
Boltsin single shear in membersthat are part of a

seismic-force-resisting system ¢ =0.40

These “soft” conversions from allowable stress design values to load and resistance factor design
values appeared in Sec. 9.2 in the 1994 Provisions. For the 2000 Provisions, the factored
resistance of shear walls and diaphragms shall be in accordance with Tables 12.4.3-1aand b and
Tables 12.4.3-2aand b.

An aternative method of calculating soft conversionsis provided in ASTM D5457-93. The
reader is cautioned, however, that the loads and load combinations to be used for conversion are
not specified so it isincumbent upon the user to determine appropriate conversion values.

12.3 GENERAL DESIGN REQUIREMENTSFOR ENGINEERED WOOD
CONSTRUCTION: Engineered construction for wood structures as defined by the Provisions
encompasses al structures that cannot be classified as conventional construction. Therefore, any
structure exceeding the height limitations or having braced walls spaced at greater intervals than
prescribed in Table 12.5.1-1 or not conforming to the requirementsin Sec. 12.5 must be
engineered using standard design methods and principles of mechanics. Framing membersin
engineered wood construction are sized based on calculated capacities to resist the loads and
forcesimposed. Construction techniques that utilize wood for lateral force resistance in the form
of diaphragms or shear walls are discussed further in Sec. 12.4. Limitations have been set on the
use of wood diaphragms that are used in combination with concrete and masonry walls or where
torsion isinduced by the arrangement of the vertical resisting elements. A load path must be
provided to transmit the lateral forces from the digphragm through the vertical resisting elements
to the foundation. It isimportant for the registered design professional to follow the forces down,
asfor gravity loads, designing each connection and member along the load path.

Although wood moment resisting frames are not specifically covered in the Provisions, they are
not excluded by them. There are several technical references for their design, and they have been
used in Canada, Europe, and New Zealand. Wood moment resisting frames are designed to resist
both vertical loads and lateral forces. Detailing at columns to beam/girder connectionsis critical
in devel oping frame action and must incorporate effects of member shrinkage. Detailed
information can be obtained from the national wood research laboratories.

There are many references that describe the engineering practices and procedures used to design
wood structures that will perform adequately when subjected to lateral forces. Thelist at the end
of this Commentary chapter gives some, but by no means all, of these.
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12.3.2 Shear Resistance Based on Principles of Mechanics:
Discussion of cyclic test protocol isincluded in ATC (1995), Dolan (1996), and Rose (1996).

12.3.3 Defor mation Compatibility Requirements. The intent of this section isto require the
registered design professional to visualize the deformed shape of the structure to ensure that the
connections provide the necessary ductility to allow the probable deflection demand placed on
the structure. Unlike steel or other metal structures, wood is not a ductile material and virtually
all of the ductility achieved in the structure is from the metal connections. The planned failure
mechanism of wood structures must be through the connections, including the nailing of
structural panels, otherwise the failure will be brittle in nature. The philosophy of strong elastic
columns and yielding beams cannot be projected from steel to wood structures. To enable a
wood structure to deform and dissipate energy during a seismic event, the connections must be
the weak link in the structure and be ductile. Recent earthquakes, such asthat in Northridge,
California, have shown failures due to the fact that consideration of deformation compatibility
was neglected.

As an example of acompatibility issue, consider the deformation compatibility between atie-
down connector to the tie-down post and the edge nailing of shear wall sheathing to the tie-down
post and adjacent bottom plate. Recent testing and observations from the Northridge earthquake
have suggested that the tie-down post experiences notable displacement before significant load
can be carried through the tie-down connector. Thisis due, among other things, to the oversizing
of the bolt holes in the tie-down post and the deformation and rotation of the tie-down bracket.
Anchor bolts connecting the bottom plate to the foundation below tend to attempt to carry the
shear wall uplift as the tie-down post moves. The sheathing, however, is nailed to both the
bottom plate, which is held in place, and the tie-down post, which is being pulled up. The result
is alarge deformation demand being placed on the nails connecting the sheathing to the framing.
This often resultsin the nails pulling out of the sheathing at the tie-down post corner and
sometimes results in an unzipping effect where a significant portion of the remaining sheathing
nailing fails as high loads cause one nailed connection to fail and move on to overstress the next
nail. The most effective solution currently known isto limit the slip and deformation at the tie-
down post by using a very stiff nailed or screwed tie-down.

Because thisis an area where understanding of compatibility issuesisjust starting to develop, the
Sec. 12.3.3 provision uses the wording “ shall be considered in design” in lieu of the originally
proposed “provision shall be madeto ensure...” Theintent isto provide guidance while not
requiring the impossible. Equations for estimating diaphragm and shear wall deflections are
discussed in Sec. 12.4.1 of this commentary.

If necessary, the stiffness of the wood diaphragms and shear walls can be increased with the use
of adhesives (if adhesives are to be used, see Commentary Sec. 12.4). However, it should be
noted that there are no rational methods for determining deflections in diaphragms that are
constructed with non-wood sheathing materials. If the nail stiffness values or shear stiffness of
non-wood sheathing materials is determined in a scientific manner, such as through experimental
cyclic testing (e.g., see Sec. 12.4 of the Commentary), the calculations for determining the
stiffness of shear panels will be considered validated.

12.3.4 Framing Requirements. All framing that is designed as part of an engineered wood
structure must be designed with connectors that are able to transfer the required forces between
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various components. These connectors can be either proprietary hardware or some of the more
conventional connections used in wood construction. However, the capacity of these connectors
should be designed according to accepted engineering practice to ensure that they will have the
capacity to resist the forces. The requirement of columns and posts being framed to full end
bearing requires that the force transfer from the column to the base be accomplished through end
grain bearing of the wood, not through placing the bolts or other connectorsin shear. This
requirement is included to ensure adequate capacity for transfer of the vertical forces due to both
gravity and overturning moment. Alternatively, the connection can be designed to transfer the
full loading through placing the bolts or other connectorsin shear neglecting all possible bearing.

The anchorage connections used in engineered wood construction must be capable of resisting
the forces that will occur between adjacent members (beams and columns) and elements
(diaphragms and shear walls). These connections can utilize proprietary hardware or be designed
in accordance with principles of mechanics. Connections are often the cause of structural
failuresin wood structures, and the registered design professional is cautioned to use
conservative values for alowable capacities since most published values are based on

monotonic, not cyclic, load applications (National Oceanic and Atmospheric Administration,
1971). Testing has shown that some one-sided bolted connections subject to cyclic loading, such
astie-down devices, do not perform well. Thiswas substantiated by the poor performance of
various wood frame elements in structures in the January 1994 Northridge earthquake.

Concrete or masonry wall anchorages using toe nails or nails subject to withdrawal are prohibited
by the Provisions. It has been shown that these types of connections are inadequate and do not
perform well (U.S. Department of Agriculture, National Oceanic and Atmospheric
Administration, 1971). Ledgers subjected to cross-grain bending or tension perpendicular to
grain also have performed poorly in past earthquakes, and their use is now prohibited by the
Provisions.

12.3.5 Sheathing Requirements: Sheathing nails should be driven flush with the surface of the
panel, and not further. This could result in the nail head creating a small depression in, but not
fracturing, the first veneer. This requirement isimposed because of the significant reduction in
capacity and ductility observed in shear walls constructed with over-driven nails. It is advised
that the edge distance for sheathing nails be increased as much as possible along the bottom of
the panel to reduce the potential for the nails to pull through the sheathing.

Unit shear values for structural-use panel sheathing (Sec. 12.4.3.1) have been generally based on
tests of shear wall panels with aspect ratios (height to width ratios) of 2/1 to 1/1. Narrower wall
segments (i.e. aspect ratios of greater than 2/1) have been arecent concern based on damage
observations following the Northridge Earthquake. In response, various limitations on aspect
ratios have been proposed. In the Provisions, an aspect ratio adjustment, 2w/h, is provided to
account for the reduced stiffness of narrow shear wall segments. This adjustment is based on a
review of numerous tests of narrow aspect ratio walls by the TS-7 technical subcommittee. The
maximum 3.5/1 aspect ratio is recommended based on constructability issues (i.e. placement of
hold-downs) as well as reduced stiffness of narrower shear wall segments.
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12.3.6 Wood M embers Resisting Horizontal Seismic Forces Contributed by Masonry and
Concrete: Dueto the significant difference in in-plane stiffness between wood and masonry or
concrete systems, the use of wood membersto resist the seismic forces produced by masonry and
concreteis not allowed. Thisis due to the probable torsional response such a structure will
exhibit. There are two exceptions where wood can be considered to be part of the lateral-load-
resisting system. Thefirst iswhen the wood isin the form of a horizontal truss or diaphragm and
the lateral loads do not produce rotation of the horizontal member. The second exceptionisin
structures of two stories or lessin height. In this case, the capacity of the wood shear walls will
be sufficient to resist the lower magnitude loads imposed. Five restrictions are imposed on these
structures to ensure hat the structural performance will not include rotational response and the
drift will not cause failure of the masonry or concrete portions of the structure.

12.4 DIAPHRAGMSAND SHEAR WALLS: Many wood-framed structures resist seismic
forces by acting as a"box system.” The forces are transmitted through diaphragms, such as roofs
and floors, to reactions provided by shear walls. The forces are, in turn, transmitted to the lower
stories and to the final point of resistance, the foundations. A shear wall isavertical diaphragm
generally considered to act as a cantilever from the foundation.

A diaphragm is a nearly horizontal structural unit that acts as a deep beam or girder when flexible
in comparison to its supports and as a plate when rigid in comparison to its supports. The analogy
to agirder is somewhat more appropriate since girders and digphragms are made up as
assemblies (American Plywood Association, 1991; Applied Technology Council, 1981).
Sheathing acts as the "web" to resist the shear in digphragms and is stiffened by the framing
members, which also provide support for gravity loads. Flexure is resisted by the edge elements
acting like "flanges" to resist induced tension or compression forces. The “flanges’ may be top
plates, ledgers, bond beams, or any other continuous element at the perimeter of the diaphragm.

The "flange" (chord) can serve several functions at the same time, providing resistance to loads
and forces from different sources. When it functions as the tension or compression flange of the
"girder," it isimportant that the connection to the "web" be designed to accomplish the shear
transfer. Since most diaphragm "flanges" consist of many pieces, it isimportant that the splices
be designed to transmit the tension or compression occurring at the location of the splice and to
recognize that the direction of application of seismic forces can reverse. It should also be
recognized that the shear walls parallel to the flanges may be acting with the flanges to distribute
the diaphragm shears. When seismic forces are delivered at right angles to the direction
considered previoudly, the "flange" becomes a part of the reaction system. It may function to
transfer the diaphragm shear to the shear wall(s), either directly or as a drag strut between
segments of shear walls that are not continuous along the length of the diaphragm.

For shear walls, which may be considered to be deep vertical cantilever beams, the "flanges” are
subjected to tension and compression while the "webs' resist the shear. It isimportant that the
"flange” members, splices at intermediate floors, and the connection to the foundation be detailed
and sized for the induced forces. In the 1997 Provisions, shear wall aspect ratios, h/w, were
limited to 2/1 in light of the poor performance of wallswith larger aspect ratios in recent tests
and in the January 1994 Northridge earthquake, and the results of recent research (Applied
Technology Council, 1995; White and Dolan, 1996). In the 2000 Provisions h/w up to 3.5/1 are
permitted (see sec. 12.3.5).
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The "webs" of diaphragms and shear walls often have openings. The transfer of forces around
openings can be treated similarly to openings in the webs of stedl girders. Members at the edges
of openings have forces due to flexure and the higher web shear induced in them and the
resultant forces must be transferred into the body of the diaphragm beyond the opening.

In the past, wood sheathed diaphragms have been considered to be flexible by many registered
design professionals and model code enforcement agencies. The newer versions of the model
codes now recognize that the determination of rigidity or flexibility for determination of how
forces will be distributed is dependent on the relative deformations of the horizontal and vertical
resisting elements. Wood sheathed diaphragms in structures with wood frame shear walls with
various types of sheathing may be relatively rigid compared with the vertical resisting system
and, therefore, capable of transmitting torsional lateral forces. A relative deformation of the
diaphragm of two or more when compared with the vertical resisting system deformation under
the same force is used to define a diaphragm as being flexible.

Discussions of these and other topics related to digphragm and shear wall design, such as cyclic
testing, and pitched or notched diaphragms, may be found in the references.

Deflections: The mid-span deflection of a simple-span blocked structural-use panel diaphragm
uniformly nailed throughout may be calculated by use of the following formula:

3 A X
A=V +V—|+O.188Ien+—z( )
8WEA 4Gt
where:
A = the calculated deflection, in millimeters, or inches.
v = maximum shear due to factored design loads in the direction under
consideration, in kilonewtons per meter, or pounds per lineal foot.
I = diaphragm length, in meters, or ft.
= diaphragm width, in meters, or ft.
E = elastic modulus of chords, in megapascal's, or pounds per square
inch.
A = area of chord cross-section, in square millimeters, or square inches.
Gt = panel rigidity through the thickness, in Newtons per millimeter, or
pounds per inch.
e, = nail deformation, in millimeters, or inches
XY (AX) = sum of individual chord-splice dlip values on both sides of the diaphragm,

each multiplied by its distance to the nearest support, in millimeters, or
inches.
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If not uniformly nailed, the constant 0.188 in the third term must be modified accordingly (See
ATC-7, Applied technology Council, 1981).

This formula was devel oped based on engineering principles and monotonic testing. Therefore,
it provides an estimate of diaphragm deflection due to loads applied in the factored resistance
shear range. The effects of cyclic loading and resulting energy dissipation may alter the values
for nail deformation in the third term as well as chord splice effects of the fourth term, if
mechanically-spliced wood chords are used. The formulais not applicable to partially-blocked
diaphragms.

The deflection of ablocked structural-use panel shear wall may be calculated by use of the
following formula.

3
_ 8vh +V—h +O.75hen+ﬂda
WEA Gt w

where:

A = the calculated deflection, in millimeters, or inches.

v = maximum shear due to factored design loads at the top of the wall, in kilonewtons
per meter, or pounds per lineal foot.

h = shear wall height, in meters, or ft.

= shear wall width, in meters, or ft.

E = elastic modulus of boundary element (vertical member at shear wall boundary),in
megapascals, or pounds per square inch.

A = area of boundary element cross-section (vertical member at shear wall boundary),
in square millimeters, or square inches.

Gt = panel rigidity through the thickness, in Newtons per millimeter, or pounds per
inch.

e, = nail deformation, in millimeters, or inches.

d, = deflection due to anchorage details ( rotation and slip at hold downs),in

millimeters, or inches.

Guidance for use of the above two equations can be found in References 12-2, 12-3, and 12-4,
and ATC-7 (Applied Technology Council, 1981).

The capacity of shear walls shall be determined either from tabulated values that are based on
experimental results or from standard principles of mechanics. The tables of allowable values
for shear walls sheathed with other than wood or wood-based structural-use panels were
eliminated in the 1991 Provisions as aresult of re-learning the lessons from past earthquakes and
testing on the performance of structures sheathed with these materials during the Northridge
earthquake. Inthe 1997 Provisions values for capacity for shear walls sheathed with wood-based
structural-use panels were reduced from monotonic test values by 10 percent to account for the

284



Wood Structure Design Requirements

reduction in capacity observed during cyclic tests. This decision was reviewed for the 2000
edition of the Provisions due to the availability of an expanded data set of test results. The
reduction was removed for the 2000 Provisions when the effect of the test loading protocol was
determined to be the cause of theinitial perceived reductions. Capacities for diaphragms were
not reduced from the monotonic test values because the severe damage that occurred in shear
walls has not been noted in diaphragms in recent earthquakes.

One stipulation is that there are no accepted rational methods for calculating deflections for
diaphragms and shear walls that are sheathed with materials other than wood-based structural-use
panel products fastened with nails. Therefore, if arational method isto be used, the capacity of
the fastener in the sheathing material must be validated by acceptable test procedures employing
cyclic forces or displacements. Validation must include correlation between the overall stiffness
and capacity predicted by principles of mechanics and that observed from test results. A
diaphragm or shear wall sheathed with dissimilar materials on the two faces should be designed
asasingle-sided wall using the capacity of the stronger of the materials and ignoring the weaker
of the materials.

The Provisions are based on assemblies having energy dissipation capacities which were
recognized in setting the R factors. For diaphragms and shear walls utilizing wood framing, the
energy dissipation is amost entirely due to nail bending. Fasteners other than nails and staples
have not been extensively tested under cyclic load application. When screws or adhesives have
been tested in assemblies subjected to cyclic loading, they have had a brittle mode of failure. For
this reason, adhesives are prohibited for wood framed shear wall assemblies and only the
tabulated values for nailed or stapled sheathing are recommended. Analysis and design of shear
wall sheathing applied with adhesives is beyond the scope of the Provisions. If one wished to use
shear wall sheathing attached with adhesives, as an alternate method of construction in
accordance with Sec. 1.2.5, caution should be used (Dolan and White, 1992; Foschi and
Filiatrault, 1990). The increased stiffness will result in larger forces being attracted to the
structure. The anchorage connections and adjoining assemblies must, therefore, be designed for
these increased forces. Due to the brittle failure mode, these walls should be designed to remain
elastic, similar to unreinforced masonry. The use of adhesives for attaching sheathing for
diaphragms increases their stiffness, and could easily change the diaphragm response from
flexibletorigid.

12.4.1 Diaphragms:

12.4.1.1 Horizontal Distribution of Shear: This section of the Provisionsisintended to define
when a digphragm can be considered to be flexible or rigid. The purpose is to determine whether
the diaphragm should have the loads proportioned according to tributary area or stiffness. For
flexible digphragms, the loads should be distributed according to tributary area whereas for rigid
diaphragms, the loads should be distributed according to stiffness. The remainder of the intent of
this section is covered in the general discussion for Sec. 12.3.4 above.

The distribution of seismic forces to the vertical elements (shear walls) of the lateral force
resisting system is dependent, first, on the relative stiffness of the vertical el ements versus the
horizontal elements and, second, on the relative stiffness of the vertical elements when they have
varying deflection characteristics. Thefirst issueisdiscussed in detail in the Provisions, which
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define when a diaphragm can be considered flexible or rigid and set limits on diaphragms that act
in rotation or that cantilever. The second islargely an issue of engineering mechanics, but is
discussed in Sec. 12.4 of this commentary because significant variations in engineering practice
currently exist.

In situations where a series of vertical elements of the lateral force resisting system are aligned in
arow, seismic forces will distribute to the different elements according to their relative stiffness.

Typical current design practice isto distribute seismic forces to aline of structural-use panel
sheathed walls in proportion to the lengths of the wall segments such that each segment carries
the same unit load. Structural-use panel sheathed wall segments without openings can generally
be calculated to have a stiffness in proportion to the wall length when: thetie-down slipis
ignored, the structural-use panel sheathing is selected from Tables 12.4.3-2a and b, and the
aspect ratio limits of the Provisions are satisfied. For stiffnessto be proportional to the wall
length, the average load per nail for agiven nail size must be approximately equal. Conversely, a
wall could be stiffened by adding nails and reducing the calculated average load per nail. When
including tie-down (hold-down) slip from anchors with negligible dlip (1/16 in, 2 mm or less),
the assumption of wall stiffness proportional to length is still fairly reasonable. For larger tie-
down dlip values, wall stiffness will move towards being proportional to the square of the wall
length; more importantly, however, the anchorage will start exhibiting displacement
compatibility problems as discussed in Sec. 12.3.3. For shear walls with aspect ratios higher than
2/1, the stiffnessis no longer in proportion to the length and equations are not available to
reasonably calculate the stiffness. For aline of walls with variations in tie-down dlip, chord
framing, unit load per nail, or other aspects of construction, distribution of load to wall segments
will need to be based on a deflection analysis. The shear wall and diaphragm deflection
eguations that are currently available are not aways accurate. As testing results become
available, the deflection cal culation formulas will need to be updated and design assumptions for
distribution of forces reviewed.

Torsional Diaphragm Force Distribution: Sec. 12.4.1.1 defines a diaphragm as being flexible
when the maximum lateral deformation of the diaphragm is more than two times the average
story drift. Conversely, adiaphragm will be considered rigid when the diaphragm deflection is
equal to or less than two times the story drift. Thisis based on amodel building code definition
that appliesto all materials.

For flexible diaphragms, seismic forces should be distributed to the vertical resisting elements
according to tributary area or ssimple beam analysis. Although rotation of the diaphragm may
occur because lines of vertical elements have different stiffness, the diaphragm is not considered
stiff enough to redistribute seismic forces through rotation. The diaphragm can be visualized as a
single-span beam supported on rigid supports.

For diaphragms defined asrigid, rotational or torsional behavior is expected and resultsin
redistribution of shear to the vertical-force-resisting elements. Requirements for horizontal shear
distribution arein Sec. 5.4.4. Torsional response of a structure due to irregular stiffness at any
level within the structure can be a potential cause of failure. Asaresult, dimensiona and
diaphragm ratio limitations are provided for different categories of rotation. Also, additional
requirements apply when the structure is deemed to have atorsional irregularity in accordance
with Table 5.2.3.2, Item 1.
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In order to understand limits placed on diaphragms acting in rotation, it is helpful to consider two
different categories of diaphragms. Category | includes rigid diaphragms that rely on force
transfer through rotation to maintain stability. An example would be an open front structure with
shear walls on the other three sides. For this more structurally critical category, applicable
l[imitations are:

e Sec. 12.3.6 -- Diaphragm not to be used to resist forces contributed by masonry or concrete
in structures over one story.

e Sec. 12.4.1.1, second paragraph -- The length of the diaphragm normal to the opening not to
exceed 25 ft (to perpendicular shear walls), and diaphragm I/w ratios limited as noted.

o Sec.12.4.1.1, fourth paragraph -- Additional limitations when rotation is significant enough
to be considered atorsional irregularity.

Category Il includes rigid digphragms that have two or more supporting shear walls in each of
two perpendicular directions but, because the center of mass and center of rigidity do not
coincide, redistribute forces to shear walls through rotation of the diaphragm. These can be
further divided into Category IIA where the center of rigidity and mass are separated by a small
portion of the structure’ s least dimension and the magnitude of the rotation is on the order of the
accidental rotation discussed in Sec. 5.4.4.2 For thislevel of rotation, Sec. 12.3.6 Exception 1
might be considered applicable and, as aresult, no particular limitations would be placed on
diaphragm rotation for Category I1A. Category IIB, rigid diaphragms with eccentricities larger
than those discussed in Sec. 5.4.4.2, are subject to the following limitations:

e Sec. 12.3.6 -- Diaphragm not to be used to resist forces contributed by masonry or concretein
structures over one story.

e Sec. 12.4.1.1, fourth paragraph -- Additional limitations when rotation is significant enough
to be considered atorsional irregularity.

Sec. 12.4 and Tables 12.4.3-1aand b provide limits for diaphragm ratios. Because flexible
diaphragms have very little capacity for distributing torsiona forces, further limitation of aspect
ratiosis used to limit diaphragm deformation such that rigid behavior will occur. The resulting
deformation demand on the structure aso islimited. Where diaphragm ratios are further limited,
exceptions permit higher ratios where cal culations demonstrate that higher diaphragm deflections
can betolerated. Inthiscase, it isimportant to determine the effect of diaphragm rigidity on the
horizontal distribution and also the ability of other structural elements to withstand resulting
deformations.

Proposals to prohibit wood diaphragms acting in rotation were advanced following the 1994
Northridge earthquake. To date, however, the understanding is that the notable collapses in the
Northridge Earthquake occurred in part because of lack of deformation compatibility between the
various vertical resisting elements rather than because of the inability of the diaphragm to act in
rotation.

Diaphragm Cantilever: Limitations concerning diaphragms that cantilever horizontally past the
outermost shear wall (or other vertical element) are related to but distinct from those imposed
because of diaphragm rotation. Such diaphragms can be flexible or rigid and for rigid
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diaphragms can be Category I, I1A or [IB. Both the limitations based on diaphragm rotation (if
applicable) and the following limit on diaphragm cantilever must be considered:

o Sec.12.4.1.1, third paragraph -- Diaphragm cantilever not to exceed the lesser of 25 ft or two
thirds of the diaphragm width.

Relative Stiffness of Vertical Elements: In situations where a series of vertical elements of the
lateral force resisting system are aligned in arow, the forces will distribute to the different
elements according to their relative stiffnesses. This behavior needs to be taken into account
whether it involves a series of structural-use panel shear walls of different lengths, a mixture of
structural-use panel shear walls with diagonal lumber or non-wood sheathed shear walls, or a
mixture of wood shear walls with walls of some other material such as concrete or masonry. See
the Commentary Sec. 12.3.3 for adiscussion of deflection compatibility of structural elements.

12.4.1.2 Aspect Ratio: Thel/w for adiaphragm and h/w for a shear wall discussed in the
notations section are intended to be the typical definitions for aspect ratio. The diaphragm span, |,
is measured perpendicular to the direction of applied force, either for the full dimension of the
diaphragm or between supports as appropriate. The width, w, isparallel to the applied force (see
Figure C12.4.1-1). The h of the shear wall isthe clear story height (see Figure C12.4.1-2). The
alternate definition of aspect ratio is only to be used where specific design and detailing is
provided for force transfer around the openings. It isrequired that the individual wall piers meet
the aspect ratio requirement (see Figure C12.4.1-3) and that the overall perforated wall also meet
the aspect ratio requirement. Use of the alternate definition involves the design and detailing of
chord and collector elements around the opening, and often results in the addition of blocking,
strapping and special nailing. As noted, the design for force transfer around the opening must use
arational analysis, and in accordance with ASCE 16 which discusses design principles for shear
walls, diaphragms and boundary elements.

12.4.1.4 and 12.4.1.5 Single and Double Diagonally Sheathed Lumber Diaphragms:
Diagonally sheathed lumber diaphragms and shear walls are presented in the Provisions because
they are still used for new construction in some regions. The 1994 Provisions contain alowable
stress design values. The design valuesin the 2000 Provisions are expressed in terms of the
factored shear resistance (1¢D) in order to provide consistency with the tables for wood
structural panels. The factored shear resistance is based on a soft conversion from the model
code allowable stress |oads and capacities to Provisions strength loads for regions with high
effective peak accelerations. Thiswill allow usersin the western states, were this construction is
currently being used, to continue with little or no change in requirements; at the same time,
reasonable values are provided for regions with lower effective peak accelerations.

12.4.2 Shear Walls:

12.4.2.3 Aspect Ratio: Thel/w for adiaphragm and h/w for a shear wall discussed in the
notations section are intended to be the typical definitions for aspect ratio. The diaphragm span, |,
is measured perpendicular to the direction of applied force, either for the full dimension of the
diaphragm or between supports as appropriate. The width, w, isparallel to the applied force (see
Figure C12.4.1-1). The h of the shear wall isthe clear story height (see Figure C12.4.1-2). The
aternate definition of aspect ratio is only to be used where specific design and detailing is
provided for force transfer around the openings. It isrequired that the individual wall piers meet
the aspect ratio requirement (see Figure C12.4.1-3) and that the overall perforated wall aso meet
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the aspect ratio requirement. Use of the alternate definition involves the design and detailing of
chord and collector elements around the opening, and often results in the addition of blocking,
strapping and specia nailing. As noted, the design for force transfer around the opening must use
arational analysis, and in accordance with ASCE 16 which discusses design principles for shear
walls, diaphragms and boundary elements.

Force 4 -

Figure C12.4.1-1. Diaphragm dimension definitions.
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12.4.2.4 Shear Wall Anchorage: Tie-down devices should be based on cyclic tests of the
connection to provide displacement capacity that allows rotation of the end post without
significant reduction in the shear wall resistance. The strength of the tie-down device should be
stronger than the lateral capacity of the wall so that the mechanism of failure is the sheathing
fasteners and not arelatively brittle failure of the wall anchorage. For devices for which the
published resistance isin allowable stress design values, the nominal strength shall be
determined by multiplying the allowable design load by 1.3. The Nominal Strength of atie-down
device may be determined as the average maximum test load resisted without failing under cyclic
loading. Average should be based on tests of at least three specimens.

Calculations of deflection of shear walls should include the effects of crushing under the
compression chord, uplift of the tension chord, slip in the tie-down anchor with respect to the
post, and shrinkage effects of the platforms, which primarily consist of floor framing members.
Movement associated with these variables can be significant and neglecting their contribution to
the lateral displacement of the wall will resultsin a significant under-estimation of the deflection.

Custom tie-down devices are permitted to be designed using methods for the particular materials
used and ASCE/AF&PA-16 under alternative means and methods.

Tie-down devices that permit significant vertical movement between the tie-down and the tie-
down post can cause failure in the nails connecting the shear wall sheathing to the sill plate.
High tension and tie-down rotation due to eccentricity can cause the bolts connecting the tie-
down bracket to the tie-down post to pull through and split the tie-down post. Devices that
permit such movement include heavily loaded one-sided bolted connections with small
dimensions between elements resisting rotation due to eccentricity. Any device that uses over-
drilled holes such as most bolted connections will also allow significant slip to occur between the
device and the tie-down post before load isrestrained. Both the NDS and the steel manual
specify that bolt holes will be over-drilled as much as 1/16 in (2 mm). Thisslip iswhat causes
much of the damage to the nails connecting the sheathing to the sill plate. Friction between the
tie-down post and the device cannot be counted on to resist load because relaxation in the wood
will cause aloss of clamping and, therefore, alossin friction over time. Thisiswhy all tests
should be conducted with the bolts “finger tight” as opposed to tightening with awrench.

Cyclic tests of tie-down connections shall follow a pattern similar to the sequential phased
displacement (SPD) tests used by Dolan (1996) and Rose (1996). These tests used full wall
assemblies and therefore induced deflection patterns similar to those expected during an
earthquake. If full wall assembly tests are not used to test the tie-down devices, it must be shown
that the expected rotation as well as tension and compression are used. Thisisto ensure that
walls using the devices will be able to deform in the intended manner. This allows the registered
design professional to consider compatibility of deformations when designing the structure.

Splitting of the bottom plate of the shear walls has been observed in tests as well asin structures
subjected to earthquakes. Splitting of plates remote from the end of the shear wall can be caused
by the rotation of individual sheathing panelsinducing upward forcesin the nails at one end of
the panel and downward forces at the other. With the upward forces on the nailsand a
significant distance perpendicular to the wall to the downward force produced by the anchor bolt,
high cross-grain bending stresses occur. Splitting can be reduced or eliminated by use of large
plate washers sufficiently stiff to reduce the eccentricity and by using thicker sill plates. Thicker
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sl plates (3 in. nominal, 65 mm) are required for al shear walls for which Tables 12.4.3-2a and
b require 3 in. nomina (65 mm) framing to prevent splitting due to close nail spacing. Thisisto
help prevent failure of the sill plate due to high lateral loading and cross-grain bending.

The tendency for the nut on atie-down bracket anchor bolt to loosen significantly during cycled
loading has been observed in some testing. One tested method of limiting the loosening isto
apply adhesive between the nut and tie-down bolt.

A logical load path for the structure must be provided so that the forces induced in the upper
portions of the structure are transmitted adequately through the lower portions of the structure to
the foundation.

12.4.2.7, and 12.4.2.8 Single and Double Diagonally Sheathed Lumber Shear Walls:
Diagonally sheathed lumber diaphragms and shear walls are presented in the Provisions because
they are still used for new construction in some regions. The 1994 Provisions contain alowable
stress design values. The design values in the 2000 Provisions are expressed in terms of the
factored shear resistance (A¢D) in order to provide consistency with the tables for wood
structural panels. The factored shear resistance is based on a soft conversion from the model
code allowable stress |oads and capacities to Provisions strength loads for regions with high
effective peak accelerations. Thiswill allow usersin the western states, were this construction is
currently being used, to continue with little or no change in requirements; at the same time,
reasonabl e values are provided for regions with lower effective peak accelerations.

12.4.3 Perforated Shear Walls: Requirements for the design of perforated shear walls are new
to the 2000 NEHRP Recommended Provisions.

In atraditional engineering approach for design of shear walls with openings, design force
transfer around the openings involves devel oping a system of piers and coupling beams within
the shear wall. Load paths for the shear and flexure developed in the piers and coupling beams
generally require blocking and strapping extending from each corner of the opening to some
distance beyond. This approach often resultsin shear wall detailing that is not practical to
construct.

The perforated shear wall approach presented in this section utilizes empirically based reductions
of wood structural panel shear wall capacities to account for the presence of openings that have
not been specifically designed and detailed for moment resistance. This method accounts for the
capacity that isinherent in standard construction, rather than relying on specia construction
requirements. It isnot expected that sheathed wall areas above and below openings behave as
coupling beams acting end to end, but rather that they provide local restraint at their ends. Asa
consequence significantly reduced capacities are attributed to interior perforated shear wall
segments with limited overturning restraint.

In addition to meeting the general requirements for wood structural panel shear walls, perforated
shear walls are required to meet the limitations of Sec. 12.4.3.2, the resistance requirements of
Sec. 12.4.3.3, and the anchorage and load path requirements of Sec. 12.4.3.4. Example 1 and
Example 2 provide guidance on application of provisions of the perforated shear wall approach.

12.4.3.1 Definitions: The definition of perforated shear wall segment references shear wall
aspect ratios.
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The 2w/h adjustment for calculation of unadjusted factored shear resistance only applies when
shear wall segments with w/h greater than 2:1 but not exceeding 3.5:1 are used in calculating
perforated shear wall resistance. When shear wall segments with w/h greater than 2:1 are present
in aperforated shear wall, but not utilized in calculation of perforated shear resistance wall
resistance, calculation of unadjusted factored shear resistance should not include the 2w/h
adjustment. In many cases, due to the conservatism of the 2w/h adjustment, it is advantageous to
simply ignore the presence of shear wall segments with w/h greater than 2:1 when cal culating
perforated shear resistance.

12.4.3.2 Limitations. Perforated shear wall design provisions are applicable to wood structural
panel shear walls having characteristics identified in Sec. 12.4.3.2.

a. Perforated shear wall segments located at each end of the perforated shear wall ensure that a
minimum length of full height sheathing at each end of a perforated shear wall based on the
aspect ratio limits of Sec 12.4.3.1.

b. A factored shear resistance not to exceed 0.64 klf, based on values provided in Tables 12.4.2-
6 aand b, is provided to identify a point beyond which other means of shear wall design are
likely to be more practical than provisions of Sec. 12.4.3. Connection requirements
associated with unadjusted shear resistance grater than 0.64 klf will likely not be practical as
other methods of shear wall design will be more efficient.

c. Noout of plane offsets are permitted in a perforated shear wall. While the limit on out of
plane offsetsis not unique to perforated shear walls, it isintended to clearly indicate that a
perforated shear wall shall not have out of plane (horizontal) offsets.

d. Collectorsfor shear transfer to each perforated shear wall segment provide for continuity
between perforated shear wall segments. Thisistypically achieved through continuity of the
wall double top plates or by attachment of perforated shear wall segments to a common load
distributing element such as afloor or roof diaphragm.

e. Uniform top of wall and bottom of wall elevations are required for use of empirical based
shear adjustment factorsin Table 12.4.3-1.

f. Limiting perforated shear wall height to 20 ft addresses practical considerations for use of
the method as wall heights greater than 20 ft are uncommon.

The width, L, of a perforated shear wall and widthsL1, L2 and L3 of perforated shear wall
segments are shown in Figure C12.4.3.2. Note that, in accordance with the limitations of Sec.
12.4.3.2 and anchorage requirements of Sec. 12.4.4.4, perforated shear wall segments and
overturning restraint are provided at each end of the perforated shear wall.
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Figure C12.4.3.2 Perforated shear wall.
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12.4.3.3 Perforated Shear Wall Resistance: Opening adjustment factorsin Table 12.4.2.10.1
are used to reduced shear wall resistance, as provided in Tables 12.4.3-2 aand b for wood
structural panel shear walls, based on the percent full-height sheathing and maximum opening
height ratio.

Opening adjustment factorsin Table 12.4.2.10.1 are based on the following empirical equation
for shear capacity ratio, F, which relates the ratio of the shear capacity for awall with openings to
the shear capacity of afully sheathed wall (Sugiyama, 1981):

4
F= C12.4.3.3al
3-2r ( )
1
r= (C12.4.3.3b)
Ao
1+
H3L,
where:
r = sheathing arearatio,
A, = total areaof openings,
H = wal height,
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YL, = sumof thewidth of full-height sheathing.

Agreement between Eqg. C12.4.3.3a and opening adjustment factorsin Table 12.4.3-1 is achieved
by recognizing that the tabul ated opening adjustment factors are: (1) derived based on an
assumption that the height of all openingsin awall are equal to the maximum opening height;
and, (2) applied to the sum of the widths of the shear wall segments meeting applicable height to
width ratios. The assumption that the height of all openingsin awall are equal to the maximum
opening height conservatively simplifies tabular presentation of shear capacity adjustment factors
for walls with more than one opening height.

Early verification of Eq. C12.4.3.3awas based on testing of one-third and full-scale shear wall
assemblies (Yasumura, 1984; Sugiyama, 1994). More recently, Substantial U.S. verification
testing of the influence of openings on shear strength and stiffness has taken place (APA, 1996;
Dolan and Johnson, 1996; Dolan and Heine, 1997; NAHB-RC, 1998) indicating shear wall
performance is consistent with predictions of Eq. C12.4.3.3a. Results of cyclic testing indicate
that the loss in strength due to cyclic loading is reduced for shear walls with openings indicating
good relative performance compared to shear walls without openings. Figure 1A provides a
graphical summary of some recent U.S. verification testing. Data from monotonic tests of 12
foot shear walls (APA, 1996), monotonic and cyclic tests of long shear walls with
unsymmetrically placed openings (Dolan and Johnson, 1996), and monotonic and tests of 16 foot
and 20 foot shear walls with narrow wall segments (NAHB-RC, 1998).

Eqg. C12.4.3.3afor shear load ratio, F, has been shown to be a good approximation of the
stiffness ratio of awall with openings to that of afully sheathed wall. Accordingly, the
deflection of a perforated shear wall can be calculated as the deflection of an equivalent length
fully sheathed wall, divided by the shear |oad ratio, F. The deflection of a blocked structural-use
panel shear wall may be calculated by use of the formulain Commentary Sec. 12.4.1.
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Figure 1A. Shear Capacity Ratio

FIGURE 12.4.3-2 Shear capacity ratio.

Percent full-height sheathing and maximum opening height ratio are used to determine an
opening adjustment factor from Table 12.4.3-1. Maximum opening height is the maximum
vertical dimension of an opening within the perforated shear wall. A maximum opening height
equal to thewall height is used where structural sheathing is not present above or below window
openings or above door openings. Percent full-height sheathing is calculated as the sum of the
widths of perforated shear wall segments divided by the total length of the shear wall. Sections
sheathed full-height which do not meet aspect ratio limits of Sec. 12.4.3.1 for wood structural
panel shear walls are not considered in calculation of percent full-height sheathing.

12.4.3.4 Anchorage and L oad Path: Anchorage for uplift at perforated shear wall ends, shear,
uplift between perforated shear wall ends and compression chord forces are prescribed to address
the non-uniform distribution of shear within a perforated shear wall.
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Prescribed forces for shear and uplift connections ensure that the capacity of the wall is governed
by the sheathing to framing attachment (e.g. shear wall nailing) and not bottom plate attachment
for shear and/or uplift. Shear and uplift forces approach the unadjusted factored shear resistance
of the perforated shear wall segment as the shear load approaches the shear resistance of the
perforated shear wall. A continuous load path to the foundation based on this requirement and
consideration of other forces (e.g., from story above) shall be maintained. The magnitude of
shear and uplift varies as a function of overturning restraint provided and aspect ratio of the shear
wall segment.

12.4.3.4.1 Uplift Anchorage at Perforated Shear Wall Ends. Anchorage for uplift forces due
to overturning are required at each end of the perforated shear wall. The required force
determined from Eq. 12.4.3.4.1-1 converges on the force required to properly restrain a
perforated shear wall segment assuming it devel ops its unadjusted factored shear resistance. A
continuous load path to the foundation based on this requirement and consideration of other
forces (e.g., from story above) shall be maintained. In addition, compression chords of
perforated shear wall segments are required to transmit compression forces equal to the required
tension chord uplift force.

12.4.3.4.2 Anchoragefor In-plane Shear: It isrequired that fastening be provided along the
length of the sill plate of wall sections sheathed full-height to resist distributed shear, v, and
uplift, t, forces. The resistance required for the shear connection is the average shear over the
perforated shear wall segments, divided by the adjustment factor. This resistance will approach
the unadjusted factored shear resistance of the wall as the shear wall demand approaches the
maximum resistance. This shear fastening resistance will be conservatively accounts for the non-
uniform distribution of shear within a perforated shear wall, since it represents the shear that can
only be achieved when full overturning restraint is provided.

The provisions of Sec. 12.4.3.2 and Sec. 12.4.3.4.3 requires that this distributed fastening for
shear, v, and uplift, t, be provided over the length of full-height sheathed wall sections. With no
other specific requirements, the fastening between the full height segments will be controlled by
minimum construction fastening requirements. For bottom plates on wood platforms this would
only require one 16-penny nail at 16 inches on center. In some cases, it may be preferable to
extend a single bottom plate fastening schedul e across the entire length of the perforated shear
wall rather than require multiple fastening schedules.

12.4.3.4.3 Uplift Anchor age Between Perforated Shear Wall Ends. The resistance required
for distributed uplift anchorage, t, is the same as the required shear resistance, v. The adequacy of
t can be demonstrated using principles of mechanics and recent testing that determined the
capacity of shear wall segments without uplift anchorage. A four foot wide shear wall segment
with distributed anchorage of the base plate in lieu of an uplift anchor device provided about 25
percent of the resistance of a segment with uplift anchorage. An eight-foot wide shear wall
segment resisted about 45 percent. When these are combined with the resistance adjustment
factors, overturning resistance based on the unadjusted factored shear resistance is adequate for
perforated shear wall segments with full height openings on each side. Conceptually the
distributed uplift resistance, t, is intended to provide the same resistance that anchor bolts at two
feet on center provided for tested assemblies. While in the tested assemblies the bottom plates
were fastened down, for design it is equally acceptable to fasten down the studs with a strap or
similar device, since the studs will in turn restrain the bottom plate.
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12.4.3.4.5 Load Path: A continuous load path to the foundation is required for the uplift
resistance, T; the compression resistance, C; the unit shear resistance, v; and the unit uplift
resistance, t. Consideration of accumulated forces (e.g. from story above) isrequired. Where
shear walls occur at the same location at each floor (stack), accumulation of forces is reasonably
straightforward. Where shear walls do not stack, attention will need to be paid to maintaining a
load path for tie downs at each end of the perforated shear wall, for compression resistance at
each end of each perforated shear wall segment, and for distributed forcesv and t at each
perforated shear wall segment. Where ends of shear perforated shear wall segments occur over
beams or headers, the beam or header will need to be checked for the vertical tension and
compression forces in addition to gravity forces. Where adequate collectors are provided at
lower floor shear walls, the total shear wall load need only consider the average shear in the
perforated shear wall segments above, and not the average shear divided by the adjustment
factor.
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Problem Description: The perforated
shear wall illustrated in Figure 12.4.4-1is
sheathed with 15/32" wood structural panel
with 10d common nails with 4 inch
perimeter spacing. All full-height sheathed
sectionsare 4 ft wide. The window
openingis4 fthighby 8 ft wide. The
door opening is 6.67 ft high by 4 ft wide.
Sheathing is provided above and below the
window and above the door. The wall
length and height are 24 ft and 8 ft
respectively. Holddowns provide
overturning restraint at the ends of the
perforated shear wall and anchor bolts are
used to restrain the wall against shear and
uplift between perforated shear wall ends.
Determine the shear resistance adjustment
factor for thiswall.

Solution: Thewall defined in the problem
description meets the application criteria
outlined for the perforated shear wall
design method. Holddowns provide
overturning restraint at perforated shear
wall ends and anchor bolts provide shear
and uplift resistance between perforated
shear wall ends. Perforated shear wall
height, factored shear resistances for the
wood structural panel shear wall, and
aspect ratio of full height sheathing at
perforated shear wall ends meet
reguirements of the perforated shear wall
method.

The process of determining the shear
resistance adjustment factor involves
determining percent full-heigh sheathing
and maximum opening height ratio. Once
these are known, a shear resistance
adjustment

Example 1 Perforated Shear Wall

factor can be determined from Table
12.4.3-2a. From the problem description
and Figure 12.4.4-1:

Percent full-height sheathing

Sum of perforated shear wall segmentwidths, XL

Length of perforated shear wall, L

_ 41t + 41t +41t
24ft

x100 =50%

Maximum opening height ratio

_ Maximum openingheight
Wall height, h

6.67 1t
81t

1}
olu

For a maximum opening height ratio of 5/6
(or maximum opening height of 6.67 ft
whenwall height, h, equals 8 ft) and
percent full-height sheathing equal to 50
percent, a shear resistance adjustment
factor of C, = 0.57 is obtained from Table
12.4.4-1.

Note that if wood structural panel
sheathing were not provided above and
below the window or above the door the
maximum opening height would equal the
wall height, h.
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Example 2 Perforated Shear Wall

Problem Description: Figure 2 illustrates one face
of a2 story building with the first and second floor
walls designed as perforated shear walls. Window
heightsare 4 ft and door height is6.67 ft. A trial
design is performed in this example based on
applied loads, V. For simplification, dead load
contribution to overturning and uplift restraint is
ignored and the effective width for shear in each
perforated shear wall segment is assumed to be the
sheathed width. Framing is Douglasfir. After
basic perforated shear wall resistance and force
requirements are calculated, detailing options to
provide for adequate shear, v, and uplift, t, transfer
between perforated shear wall ends are covered.
Configuration A considers the condition where a
continuous rim joist is present at the second floor.
Configuration B considers the case where a
continuous rim joist is not provided as when floor
framing runs perpendicular to the perforated shear
wall with blocking between floor framing members.

Perforated Shear Wall Resistance and Force
Requirements

Second Floor Wall: Determine wood structural
panel sheathing thickness and fastener schedule
needed to resist applied load, V = 2.250 kips, from
the roof diaphragm such that the shear resistance of
the perforated shear wall is greater than the applied
force. Also determine anchorage and load path
requirements for uplift force at ends, in plane shear,
uplift between wall ends, and compression.

Percent full ~height sheathing - ‘”tg f‘t”t X100 -50%
Maximum opening height ratio = At _1
8ft 2

Shear resistance adjustment factor, C_ = 0.80

Try 15/32 rated sheathing with 8d common nails
(0.131 by 2-1/2in.) At 6 inch perimeter spacing.

Unadjusted shear resistance, Table 12.4.3-2a=0.36
kif

Adjusted shear resistance

= (unadjusted shear resistance)(C,)
= (0.36 kIf)(0.80) = 0.288 kif

Perforated shear wall resistance
= (Adjusted Shear Resistance)(X L))
= (0.288 kif)(4 ft + 4 ft) = 2.304 kips
2.304 kips>2.250 kips v OK
Required resistance due to story shear forces, V:

Overturning at shear wall ends, T:

Vh _ 2250kips(8it)

= = 2.813 kips
C,Y L, 080(4ft+4ft)
In-plane shear, v
v - V. 2250Kkips 0.352 Kif
C,r L, 080(4ft +4ft)

Uplift, t, between wall ends:
t=v=0.352 kif

Compression chord force, C, at each end of each
perforated shear wall segment:

C=T=2813kips

First Floor Wall: Determine wood structural panel
sheathing thickness and fastener schedule needed to
resist applied load, V = 2.600 kips, at the second
floor diaphragm such that the shear resistance of
the perforated shear wall is greater than the applied
force. Also determine anchorage and load path
requirements for uplift force at ends, in plane shear,
uplift between wall ends, and compression.

Aft + 41t
t

Percent full -height sheathing = x100=67%

Shear resistance adjustment factor ,C, = 0.67
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Unadjusted shear resistance - Table 12.4.3-2a
= 0.49 kIf

Adjusted shear resistance
= (Unadjusted Shear Resistance)(C,)
= (0.49 kIf)(0.67) = 0.328 kif

Perforated shear wall resistance
= (Adjusted Shear Resistance)(XL )
= (0.328 kif)(4 ft + 4 ft) = 2.626 kips
2.626 kips > 2.600 kips v OK

Required resistance due to story shear forces, V:

Overturning at shear wall ends, T:

Vh

) _ 2.600kips(81t)
Co Z I‘i

= 3.880 kips
0.67 (4 ft +4ft)

When maintaining load path from story above,

T =T from second floor + T from first floor
= 2.813 kips + 3.880 kips = 6.693 kips

In-plane shear, v.

V. 2.600kips

v= - - 0.485 KIf
C.YL 067 (4ft+4f)

Uplift, t, between wall ends:
t=v=0.485klf

Uplift, t, can be cumulative with 0.352 kIf from
story above to maintain load path. Whether this
occurs depends on detailing for transfer of uplift
forces between end walls.

Compression chord force, C, at each end of each
perforated shear wall segment:

C=T=3880kips

When maintaining load path from story above, C =
3.880 kips + 2.813 kips = 6.693 kips.

Holddowns and posts and the ends of perforated
shear wall are sized using calculated force, T. The
compressive force, C, is used to size compression
chords as columns and ensure adequate bearing.

Configuration A - Continuous Rim Joist
(see Figure 3)

Second Floor :

Determine fastener schedule for shear and uplift
attachment between perforated shear wall ends.
Recall that v =t = 0.352 kIf.

Wall bottom plate (1 %2" thickness) to rimjoist. Use
20d box nail (0.148 by 4in.). Latera resistance
GAZ' = 0.254 kips per nail and withdrawal
resistance pAW’ = 0.155 kips per nail.

Nailsfor shear transfer
= (shear force, v)/pAZ’
= 0.352 kif / 0.254 kips per nail
= 1.39 nails per foot

Nails for uplift transfer
= (uplift force, t)/GAW’
= 0.352 kif / 0.155 kips per nail
= 2.27 nails per foot

Net spacing for shear and uplift
= 3.3 inches on center

Rimjoist to wall top plate. Use 8d box nails (0.113
by 2-1/2 in.) toe-nailed to provide shear transfer.
Lateral resistance pAZ’ = 0.129 kips per nail.

Nailsfor shear transfer
= (shear force, v)/pAZ’
=0.352 klIf / 0.129 kips per nail
= 2.73 nails per foot

Net spacing for shear
= 4.4 inches on center

See detail in Figure 2 for alternate means a
shear transfer (e.g metal angle or plate
connector).

Transfer of uplift, t, from second floor in
this example is accomplished through
attachment of second floor wall to the
continuous rim joist which has been
designed to provide sufficient strength to
resist the induced moments and shears.
Continuity of load path is provided by
holddowns at the ends of the perforated
shear wall.
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First Floor: Determine anchorage for shear and
uplift attachment between perforated shear wall
ends. Recall that v =t =0.485 kif.

Wall bottom plate (1 %2" thickness) to concrete.
Use %2 inch anchor bolt with lateral resistance pAZ’
=134 kips.

Bolts for shear transfer
= (shear force, v)IOAZ’
=0.485 KkIf / 1.34 kips per bolt
= 0.36 bolts per foot

Net spacing for shear
= 33 inches on center

Bolts for uplift transfer. Check axial
capacity of boltsfor t = v =0.485 kIf and
size plate washers accordingly. No
interaction between axial and lateral load
on anchor bolt is assumed (e.g. presence
of axia tension does not affect lateral
strength).

Configuration B - Blocking Between Joists

(see Figure 3)

Second Floor :

Determine fastener schedule for shear and uplift
attachment between perforated shear wall ends.
Recall that v =t = 0.352 kif.

Wall bottom plate (1 %2" thickness) to rimjoist.
Use 20d box nail (0.148 by 4in.). Latera
resistance pAZ’ = 0.254 kips per nail.

Nails for shear transfer
= (shear force, v)/PpAZ’
=0.352 kIf / 0.254 kips per nail
= 1.39 nails per foot

Net spacing for shear
= 8.63 inches on center

Rim joist to wall top plate. Use 8d box nails (0.113
by 2-1/2 in.) toe-nailed to provide shear transfer.
Lateral resistance pAZ’ = 0.129 kips per nail.
Nails for shear transfer
= (shear force, v)/PpAZ’
=0.352 kIf / 0.129 kips per nail
= 2.73 nails per foot

Net spacing for shear

= 4.4 inches on center

See detail in Figure 3 for alternate means a
shear transfer (e.g metal angle or plate
connector).
Sud to stud. Provide ametal strap for transfer of
uplift, t, from second story wall studsto first story
wall studs. Size strap for 0.352 kif uplift and place
at 2 ft on center to coincide with stud spacing.
This load path will be maintained by transfer of
forces through first floor wall framing to the
foundation.

First Floor :

Determine anchorage for shear and uplift
attachment between perforated shear wall ends.
Recall that v =t = 0.485 kIf.

Wall bottom plate (1 %2" thickness) to concrete.
Use %2 inch anchor bolt with lateral resistancepArZ’
=134 kips.

Bolts for shear transfer
= (shear force, v)IOAZ’
= 0.485 kiIf / 1.34 kips per bolt
= 0.36 bolts per foot

Net spacing for shear
= 33 inches on center

Uplift transfer:
A metal strap embedded in concrete at 2 ft
on center and attached to first story studs
maintaining load path with second story is
used. Inthiscase all uplift forces, t,
between perforated shear wall ends are
resisted by the metal strap. Size metal
strap and provide sufficient embedment
for uplift force, t = 0.485 kif + 0.352 kif =
0.837 Kif.
An dternative detail for uplift transfer
uses ametal strap lapped under bottom
plate. Size metal strap, anchor bolt, and
plate washers for uplift force, t = 0.485 kif
+ 0.352 kIf = 0.837 kiIf to maintain load
path from the second story. No interaction
between axial and lateral load on anchor
bolt is assumed (e.g. presence of axial
tension does not affect lateral strength).
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Second Floor Perforated Shear Wall

16.0 ft
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Configuration A

20d box at 8.6" o.c.
for shear and i
20d b .3" o.Cc.
oxat§3 oc 1 7 2nd Floor
for uplift I
(3.3" net spacing,
stagger nails) 8d box toe-nail at 4.4" o.c.
Continuous rim joist for shear
i or aternatively
Wood Structural = ¥
Panel sheathing
Metal plate connector
o——Int (eg. A35 F at 42" \
o.c.) %
I
Steel plate washer
e 2x preservatively
5 <l treated sill plate c foundai
1/2" Dia anchor bolt at 33" o.c. I Lo A oncrete foundation
for shear and uplift (485 plf) Lt e T
(Check axial strength and size plate M ERE Z
washer) ST a0
o . aa
® B

Configuration B

20d box at 8.6" o.c.
for shear 4
t 2nd Fl
Strap at 2'-0" o.c.——||[1 nd Hoor
for uplift (352 plf)
Blocking between joists 8d box toe-nail a 4.4" 0.([ |
for shear
or alternatively Z
/ OR
Wood Structural — Metal plate connector —=
Panel sheathing (eg.A35Fat 42" o.c)
or metal angle
o—I ’
Strap at 2-0" o.c.
for uplift (837 pif) N
or alternatively
»
Steel plate washer Check axial strength
= 2x preservatively and size plate washer (837 plf)
%%/ treated sill plate 4
1/2" Dia. anchor bolt at 33" o.c. \-1.. s I Strap lapped ——1=]
for shear \— P v7 under sill plate
4 « < )
o - - “a a 44 4
@ P

Concrete foundation
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12.5 CONVENTIONAL LIGHT-FRAME CONSTRUCTION: TheProvisionsintend that a
structure using conventional construction methods and complying with the requirements of this
section be deemed capable of resisting the seismic forces imposed by the Provisions. Repetitive
framing members such asjoists, rafters, and studs together with sheathing and finishes comprise
conventional light-frame construction. The subject of conventional construction is addressed in
each of the model codes. It is acknowledged and accepted that, for the most part, the
conventional construction provisions in the model codes concerning framing members and
sheathing that carry gravity loads are adequate. This is due to the fact that the tables in the model
codes giving allowabl e spans have been developed using basic principles of mechanics. For
seismic lateral force resistance, however, experience has shown that additional requirements are
needed.

To provide lateral force resistancein vertical elements of structures, wall bracing requirements
have been incorporated in conventional construction provisions of the model codes. With afew
exceptions, these generally have been adequate for single family residences for which
conventional construction requirements were originally developed. While the model building
codes have been quite specific asto the type of bracing materials to be used and the amount of
bracing required in any wall, no limits on the number or maximum separation between braced
walls have been established. This section of the Provisions introduces the concept of mandating
the maximum spacing of braced wall lines. By mandating the maximum spacing of braced wall
lines and thereby limiting the lateral forces acting on these vertical elements, these revisions
provide for alateral-force-resisting system that will be less prone to overstressing and that can be
applied and enforced more uniformly than previous model building code requirements. While
specific elements of light-frame construction may be calculated to be overstressed, thereis
typically agreat deal of redundancy and uncounted resistance in such structures and they have
generaly performed well in past earthquakes. The experience in the Northridge earthquake was,
however, less reassuring, especially for those residences relying on gypsum board or stucco for
lateral forceresistance. The light weight of conventional construction, together with the large
energy dissipation capacity of the multiple fasteners used and inherent redundancy of the system
are mgjor factorsin the observed good performance where wood or wood-based panels were
used.

The scope of this section specifically excludes prescriptive design of structures with concrete or
masonry walls above the basement story, with the exception of veneer, in order to maintain the
light weight of construction that the bracing requirements are based on. Wood braced wall panels
and diaphragms as prescribed in this section are not intended to support lateral forces due to
masonry or concrete construction. Prescriptive (empirical) design of masonry wallsis alowed
for in Chapter 11; however, design of structures combining masonry wall construction and wood
roof and floor diaphragm construction must have an engineered design. In regions of high
seismic activity, past earthquakes have demonstrated significant problems with structures
combining masonry and wood construction. While engineered design requirements do address
these problems, the prescriptive requirements in the model codes do not adequately address these
problems. Masonry and concrete basement walls are permitted to be constructed in accordance
with the requirements of CABO Code.
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125.1.1 Irregular Structures. This section was added to the 1997 Provisions to clarify the
definition of irregular (unusually shaped) structures that would require the structure to be
designed for the forces prescribed in Chapter 5 in accordance with the requirements of Sec. 12.3
and 12.4. The descriptions and diagrams provide the registered design professiona with several
typical irregularities that produce torsional response, or result in forces considered high enough
to require an engineered design and applies only to Seismic Design Category C and D structures.

Structures with geometric discontinuitiesin the lateral force resisting system have been observed
to sustain more earthquake and wind damage than structures without discontinuities. They have
also been observed to concentrate damage at the discontinuity location. For Seismic Design
Categories C and D, this section trandlates applicable irregularities from Tables 5.2.3.2 and
5.2.3.3into limitations on conventional light-frame construction. When a structure falls within
the description of irregular, it isrequired that either the entire structure or the non-conventional
portions be engineered in accordance with the engineered design portions of the Provisions. The
irregularities are based on similar model code requirements. While conceptually these are
equally applicableto all Seismic Design Categories, they are more readily accepted in areas of
high seismic risk, where damage due to irregularities has repeatedly been observed.

The engineered design of non-conventiona portionsin lieu of the entire structure is acommon
practice in someregions. Theregistered design professional isleft to judge the extent of the
portion to be designed. This often involves design of the nonconforming element, force transfer
into the element, and aload path from the element to the foundation. A nonconforming portion
will sometimes have enough of an impact on the behavior of a structure to warrant that the entire
|ateral-force-resisting system receive an engineered design.

12.5.1.1.1: Thislimitation isbased on Item 4 of Table 5.2.3.3 and applies when braced wall
panels are offset out-of-plane from floor to floor. In-plane offsets are discussed in another item.
Ideally braced wall panels would always stack above of each other from floor to floor with the
length stepping down at upper floors as less length of bracing is required.

Because cantilevers and set backs are very often incorporated into residential construction, the
exception offers rules by which limited cantilevers and setbacks can be considered conventional.
Floor joists are limited to 2 by 10 (actua 1¥2 by 9%in., 38 by 235 mm) or larger and doubled at
braced wall panel endsin order to accommodate the vertical overturning reactions at the end of
braced wall panels. In addition the ends of cantilevers are attached to a common rim joist to
allow for redistribution of load. For rim joists that cannot run the entire length of the cantilever,
the metal tieisintended to transfer vertical shear aswell as provide anomina tension tie.
Limitations are placed on gravity loads to be carried by cantilever or setback floor joists so that
the joist strength will not be exceeded. The roof loads discussed are based on the use of solid
sawn members where allowable spans limit the possible loads. Where engineered framing
members such as trusses are used, gravity load capacity of the cantilevered or setback floor joists
should be carefully evaluated.

125.1.1.2: Thislimitation isbased in Item 1 of Table 5.2.3.2, and applies to open-front
structures or portions of structures. The conventional construction bracing concept is based on
using braced wall lines to divide a structure up into a series of boxes of limited dimension, with
the seismic force to each box being limited by the size. Theintent isthat each box be supported
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by braced wall lines on all four sides, limiting the amount of torsion that can occur. The
exception, which permits portions of roofs or floors to extend past the braced wall line, is
intended to permit construction such as porch roofs and bay windows. Walls with no lateral
resistance are allowed in areas where braced walls are prohibited.

12.5.1.1.3: Thislimitation is based on Item 4 of Table 5.2.3.3 and applies when braced wall
panels are offset in-plane. Ends of braced wall panels supported on window or door headers can
be calculated to transfer large vertical reactions to headers that may not be of adequate size to
resist these reactions. The exception permits a 1 foot extension of the braced wall panel over a4
by 12 (actual 32 by 11%4in., 89 by 286 mm) header on the basis that the vertical reaction is
within a 45 degree line of the header support and therefore will not result in critical shear or
flexure. All other header conditions require an engineered design. Wallswith no lateral
resistance are allowed in areas where braced walls are prohibited.

12.5.1.1.4: Thislimitation results from observation of damage that is somewhat unique to split-
level wood frame construction. If floors on either side of an offset move in opposite directions
due to earthquake or wind loading, the short bearing wall in the middle becomes unstable and
vertical support for the upper joists can be lost, resulting in acollapse. If the vertical offset is
limited to adimension equal to or less than the joist depth, then asimple strap tie directly
connecting joists on different levels can be provided, and the irregularity eliminated. CABO
One- and Two-Family Dwelling Code Sec. 502.4.1 provides requirements for tying of floor
joists.

12.5.1.1.5: Thislimitation is based on Item 5 of Table 5.2.3.3 and applies to nonperpendicular
braced wall lines. When braced wall lines are not perpendicular to each other, further evaluation
is needed to determine force distributions and required bracing.

12.5.1.1.6: Thislimitation is based on Item 3 of Table 5.2.3.2 and attempts to place a practical
[imit on openings in floors and roofs. Because stair openings are essential to residential
construction and have long been used without any report of life-safety hazards resulting, these are
felt to be acceptable conventional construction. See Sec. 12.5.3.7 for detailing requirements for
permitted openings.

12.5.1.1.7: Thislimitsa condition that can cause atorsional irregularity per Item 1 of Table
5.2.3.2. Where heights of braced wall panels vary significantly, distribution of lateral forces will
also vary. If astructure on ahill is supported on 2 foot high braced cripple wall panels on one
side and 8 foot high panels on the other, torsion and redistribution of forces will occur. An
engineered design for this situation is required in order to evaluate force distribution and provide
adequate wall bracing and anchor bolting. This limitation applies specificaly to walls from the
foundation to the floor. While gable-end walls have similar variationsin wall heights, this has
not been observed to be a significant concern in conventional construction. See Sec. 12.5.3.6 for
detailing requirements for permitted foundation stepping.

12.5.2 Braced Walls:

12.5.2.1 Spacing Between Braced Wall Lines: Table 12.5.1-1 prescribes the spacing of braced
wall lines and number of stories permitted for conventional construction structures. Figures
C12.5.2.1-1 and C12.5.2.1-2 illustrate the basic components of the lateral bracing system.
Information in Tables 12.5.1-1 and 12.5.2-1 wasfirst included in the 1991 Edition.

308



Wood Structure Design Requirements

12.5.2.2 Braced Wall Line Sheathing Requirements: Table 12.5.2-1 prescribes the minimum
length of bracing along each 25 ft (7.6 m) length of braced wall line. (See Commentary Sec. 12.4
regarding adhesive attachment.) Tota height of structures has been reduced to limit overturning
of the braced walls so that significant uplift is not generally encountered. The height limit will
accommodate 8 to 10 ft (2.4 to 3 m) story heights.

12.5.3 Detailing Requirements. The intent of this section isto rely on the traditional light-
frame conventional construction materials and fastenings as prescribed in the references for this
chapter. Braced wall panels are not required to be aligned vertically or horizontally (within the
limits prescribed in Sec. 12.5.1.1) but stacking is desirable where possible. With the freedom
provided for non-alignment it becomes important that aload path be provided to transfer lateral
forces from upper levels through intermediate vertical and horizontal resisting elementsto the
foundation. Connections between horizontal and vertical resisting elements are prescribed. In
structures two or three storiesin height, it is desirable to have interior braced wall panels
supported on a continuous foundation. See Figures C12.5.3-1 through C12.5.3-11 for examples
of connections.

The 1997 Provisions incorporates some of the wall anchorage, top plate, and braced wall panel
connection requirements from the model building codes. These are included for compl eteness of
the document and to clarify the requirement for the registered design professional. Additional
requirements for foundations supporting braced wall panels has also been added to provide
guidance and clarity for the registered design professional.
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SEISMIC PERFORMANCE MAXIMUM WALL SPACING
CATEGORY (FEET) *
C.D AND E 25
B 35
A NOT REQUIRED

* REFER TO TABLE 12 . 5. 2-1 FOR MINIMUM LENGTH OF WALL BRACING

UP TO 40 BRACED WALL BRACED WALL LINE X

OFFSET ALLOWED IN LINE NO. 4
BRACED WALL LINE

BRACED WALL
8 -0" MAX TO  LINE NO. 3
FIRST BRACED
WALL PANEL

BRACED
WALL
LINE NO. 1
BRACED WALL
LINE Z

BRACED WALL
LINE NO. 2
DOES NOT NEED
TO ALIGN WITH
NO. 3 AS LONG
AS IT HAS A

BRACED WALL
BRACED WALL PANEL AT

*
PANELS FACH END

NOTES:
(1) DEPENDING ON SEISMIC
REFORMANCE CATEGORY.

(2) SUM OF BRACED WALL PANEL
LENGTHS FOR BRACED WALL
LINE NO. 1 = "A" + "B + 7C7

*

FIGURE C12.5.2.1-1 Acceptable one-story bracing example.

310



Wood Structure Design Requirements

SEISMIC PERFORMANCE MAXIMUM WALL SPACING
CATEGORY (FEET) *
C AND D 25
B 35
A NOT REQUIRED

* REFER TO TABLE 12.. 5. 2 - 1 FOR MINIMUM LENGTH OF WALL BRACING
BRACED WALL LINE BRACED WALL LINE

BRACED WALL UP TO 40
LINE NO. 1 BRACED ALLOWED
WALL LINE IN BRACED
WALL LINE
EXTERIOR
BRACED WALL
S
VERTICALLY. WALL LINE
SEE FIG. C9-6
FOR ACCEPTABLE
VARIATIONS.
CONTINUOUS
FOUNDATION
AND BRACED
CRIPPLE WALL
. RECOMMENDED
NOTES: UNDER LOWER

(1) DEPENDING ON SEISMIC BRACED WALL STORY BRACED

*
PERFORMANCE CATEGORY PANELS WALL PANELS.

(2) SUM OF BRACED WALL PANEL BRACED PANEL ABOVE MAY
LENGTHS FOR BRACED WALL . EXTEND UP TO 1"-0" OVER
LINE NO. 1 = "A" + 78" + 7°C WINDOW OR DOOR BELOW.

FIGURE C12.5.2.1-2 Acceptabletwo-story bracing example.
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STUD WALL FRAMING
SUBFLOOR

BRACED WALL SHEATHING

MINIMUM NAILING SHOWN
IN TABLE 12.4.3-Ta & b

REQUIRED*

FLOOR
JOISTS

PLATE WASHER
PREFERED DETAIL WITH EXTERIOR

SHEATHING SHOWN EXTENDED }

70 MUD SILL. T P———L
yaN
: : MUD SILL

U v D TS MINIMUM 2’9 DIAMETER

* SHEATHIING SPLICED ON

B NGEEENEN ANCHOR BOLT HAVING
BLOCKING OR RIM JOIST A
T0 ACCOMODATE SHRINKAGE A MINIMUM EMBEDMENT
OF 7 DIAMETERS.
FOUNDATION

NUMBER OF STORIES SPACING OF ANCHOR
BOLTS (FEET)

ONE OR TWO 3

OVER TWO 4

FIGURE C12.5.3-1 Wall anchor detail.
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CEILING JOISTS
(9) 16d NAILS MINIMUM

FOR SPLICES TYPICAL =
~ [@) 16d NAILS

PER SPLICE  TYPICAL

S
S

AT

.|

BEARING OR EXTERIOR DOUBLE
WALL STUDS TOP PLATE

FIGURE C12.5.3-2 Doubletop plate splice.
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RAFTER OR JOIST ALIGNED ALTERNATE JOIST
WITHIN 1" OF STUD BELOW LOCATION IF BLOCKING
IS PROVIDED BETWEEN
JOISTS.
I STEEL SPLICE PLATE
+ TTT U7 >
BEARING OR EXTERIOR SINGLE
WALL STUDS TOP PLATE
20 GAUGE GALVANIZED
STEEL PLATE
¢ * N U I * 3
2 GAUGESTGEAELXAS‘LZA%E (12) 8d «x W%” LONG NAILS
2 FOR 2x4 MEMBER EACH SIDE OF SPLICE
4" FOR 2x6 MEMBER
o o o o ‘ o o
NI L
INGLE TOP PLATE
11" FOR 2x4 MEMBER
9" FOR 2x6 MEMBER

FIGURE C12.5.3-3 Singletop plate splice.
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2x6 STUD

3
\

(3) 8d TOENAILS
OR FRAMING CLIP

2x6 SILL

ACCEPTABLE FULL BEARING ON BOTTOM PLATE

2x6 STUD

2x4 SILL

UNACCEPTABLE BEARING ON BOTTOM PLATE

FIGURE C12.5.3-4 Full bearing on bottom plate.
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BRACED WALL

SHEATHING

A

TV

(]

(]
10d TOE NAILS HH‘
@ 12" CTRS. OR 0
FRAMING CLIPS WHERE 1
BRACED WALL SHEATHING j
IS NOT NAILED TO I
BLOCKING |

D FOR BEARING WALLS
4D FOR NON-BEARING WALLS

N

-
|
|
I
I
I
|
|
I

:/STUD WALL FRAMING
——16d @ 16" CTRS. TYP.

FLOOR SHEATHING

BLOCKING OR
RIM JOIST WITH
WITHOUT
OFFSET WALL

STUD WALL
/ FRAMING

FIGURE C12.5.3-5 Exterior braced wall.
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BRACED WALL-
SHEATHING

/STUD WALL FRAMING

2% BLOCKING ——16d @ 16 CIRS. TYP.

FLOOR SHEATHING

-

\ |
D FOR BEARING WALLS
FRAMING CLIP OR \—JOISTS
4D FOR NON-BEARING WALLS 9-10d TOE NALLS
\ PER BLOCK
BRACED WALL — STUD WALL FRAMING
SHEATHING

FIGURE C12.5.3-6 Interior braced wall at perpendicular joist.
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/STUD WALL FRAMING
16d @ 16" CTRS. TYP.

BRACED WALL SHEATHING

FLOOR SHEATHING

10d TOE NAILS
@ 12" CTRS. OR
FRAMING DEVICE

BRACED WALL SHEATHING

NAILING PER
REFERENCE 9.8

DOUBLE JOIST
UNDER WALL

[

e

STUD WALL FRAMING

A

FIGURE C12.5.3-7 Interior braced wall at parallél joist.
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BRACED WALL SHEATHIN

SEE TYPICAL SHEATHING
NAILING SCHEDULE

TYPICAL SHEATHING NAILING

6d COMMON OR DEFORMED SHANK @ 6 CTRS.

8d COMMON OR 6d DEFORMED SHANK @ 8" CTRS.
8d DEFORMED SHANK @ &° CTRS.

10d COMMON OR 8d DEFORMED SHANK @ 6" CTRS.

&)

STUD WALL FRAMING

SEE TYPICAL SHEATHING
/NA\UNG SCHEDULE

ROWS OF 16d @ 24" CTRS. STAGGERED

\ FLOOR SHEATHING

JOIST

\(@ 16d END NAILS

EACH END OF BLOCK

PROVIDE FULL DEPTH 2x
BLOCKING SPACED 32" ON
CENTER FOR THE SPAN OF
THE DOUBLE PLATE.

BRACED WALL SHEATHING /

2x BLOCKING
OR APPROVED
ANGLE DEVICES

STUD WALL FRAMING

D OR 2/3 JOIST SPACING MAXIMUM

FIGURE C12.5.3-8 Offset at interior braced wall.
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— carglsly

OR LESS

Btk

SEE TYPICAL SHEATHING
NAILING SCHEDULE

TYPICAL SHEATHING NAILING

6d COMMON OR DEFORMED SHANK @ 6" CTRS.

8d COMMON OR 6d DEFORMED SHANK @ 6" CTRS.
8d DEFORMED SHANK @ 6" CTRS.
10d COMMON OR 8d DEFORMED SHANK @ 6 CTRS.

PROVIDE FULL DEPTH 2x
BLOCKING SPACED 32" ON
CENTER FOR THE SPAN OF
THE DOUBLE PLATE.

BRACED WALL
SHEATHING

7V\;i

SEE TYPICAL NAILING
SHEATHING SCHEDULE

FLOOR SHEATHING

(3) 16d END NAILS
EACH END OF BLOCK

(2) 10d TOE NAILS
EACH SIDE EACH BLOCK OR
FRAMING CLIPS EACH BLOCK

STUD WALL FRAMING

FIGURE C12.5.3-9 Diaphragm connection to braced wall below.
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FOOTING WIDTH (W) —/—r WOOD POST
AND DEPTH (D) SHALL ‘,//////*447

CONFORM TO THE
MINIMUM REQUIREMENTS

OF REF. 12-5 AND SHALL m
APPEAR ON THE

APPROVED
CONSTRUCTION DOCUMENTS //////”CONNECTOR

SUBMITTED FOR A BUILDING

PERMIT,
7 _ Avd | Z
FINISH b e 2
GRADE o N N
——TT _ =~ e A AT
R P ' | ' - T R
\\\ = | [ =H =
Av4 _ ~ _ AV N _
/ D, / J> / D /
N NN N NN N
@ | [ ) [ ] A
o N ] |
@ d . |

< g
) ==
CONCRETEAAJ///

FOOTING w

FIGURE C12.5.3-10 Post base detail.
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SPLICE

APPROVED WOOD BEAM WOOD BEAM APPROVED
CONNECTORS Y R CONNECTORS
| | |

S o o S S
o o °o | © o
| I [
WOOD POST\
L LA LA
INTERMEDIATE SPLICE END

FIGURE C12.5.3-11 Wood beam connection to post.

12.5.3.4 Braced Wall Panel Connections. The exception provided in this section of the
Provisionsisincluded due to the difficulty in providing a mechanism to transfer the diaphragm
loads from atruss roof system to the braced wall panels of the top story. This problem has been
considered by the Clackamas County, Oregon Building Codes Division, and an aternate to the
CABO Building Code Sec. 402.10 was written in 1993, and revised September 5, 1995. The
details shown in Figure C12.5.3.1-1 through C12.5.3.1-4 are provided as suggested methods for
providing positive transfer of the lateral forces from the diaphragm through the web sections of
the trusses to the top of the braced wall panels below.
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BRACE WALL LINE STRUTS OPTIONAL:

4-12d 2 PER 4'-0" (1.2m) OF
BRACE PANEL
NOTE: ABP./S = 4'-0" (1.2m> EQUIV.

H

PLYWOOD BRACE
PANELS PROVIDED
BY TRUSS MFR.

GABLE END BRACING
2x (38 mm) BLKG

T4-12d
FOR 3 BAYS AT
6'-0" (1.83m) O.C.
R
& :[4 \400& 1780 N>
ANGLE CLIPS
— 4004 (1780 N>
ANGLE CLIPS \
[ Luox= 75 in. (190 mm> for 2 by (38mm)
150 in. (3800mm) for 3 by (63mm)

BRACE PANELS or double 2 by members
175 in. (4500 mm) for 4 by
(89 mm)

NOTE: 120 NAILS ARE 0.148" (4mm) IN DIAMETER
AND 3-1/4" (83mm) IN LENGTH

FIGURE C12.5.3.1-1. Suggested methodsfor transferring roof diaphragms loads to braced
wall panels.

NOTE: 12d - 0.148” (4mm> DIAMETER
3-1/4” (83mm) LONG

2-lad
Yxﬂrlad 2x (38 mm> BLOCKING
7’\ﬁL 1 L max= 75 in, (1900 mm> for 2 by (38 mm»
1@ \Y
1

/ 150 in (3800 mm) for 3 by (63 mm)
1| MIN \ — 4-12d
2

175 in (4300 mm> for 4 by (89 mm

or double 2 by members
[

2x (38 mm> BLOCKING

400# (1779 N> ANGLE CLIP

ALTERNATE GABLE END BRACE
AT 607 .83m> L.C.

FIGURE C12.5.3.1-2. Alternate gable end brace.
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NOTE:

WHERE WALL LINES UP W/ RAFTER,
USE 2 CLG. JST. AS NOTED EA. SIDE

OF RAFTER AND 400# <1780 N> ANGLE
CLIP AT 48" (1220mm) OC. EA. CLG
JST. STAGGER SO THEY ARE 24" (610mm)
0C, ON PLATE,

2x6 (38mm x 133mm> BLOCKING
AT 48" (1220mm) OC. (MIN, 2)
NAIL W/ 4-l6d TO TOP PL.
AND 3-16d EA. END.

MIN. 2 CLG. JST.
ONN. TO TOP PLATE

BRACE STRUT W/ 4004 (1780 N>

ANGLE CLIP EACH
END EA, JST.

400% <1780 NO
ANGLE CLIPS

BRACE PANELS

FIGURE C12.5.3.1-3 Wall parallel to truss bracing detail.

<7 >

g/

EITHER
WORKS

:

INT. BRACE PNL.

ONE  —— = ABOVE TO ROOF,

BALLOON FRAME TO ROOF

INT. BRACE PNL
WITH CRIPPLE WALL

BLOCK BOTH SIDES
SAME AS GABLE —
END WALL DETAIL

FIGURE C12.5.3.1-4 Wall parallel to truss alter nate bracing detail.
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12.6 SEISMIC DESIGN CATEGORY A: Wood frame structures assigned to Seismic Design
Category A, other than one- and two-family dwellings, must conform with Sec. 12.5 or if
engineered need only comply with the reference documents and Sec. 5.2.6.1. Exceptions
addressing one- and two-family detached dwellings appear in Sec. 1.2.1.

12.7 SEISMIC DESIGN CATEGORIESB, C, AND D: Inthe 1997 Provisions, Seismic
Design Categories B, C, and D, have been combined. At the same time, subsections on material
limitations and anchorage requirements have been moved to Sec. 12.3 and 12.4. Thiswas based
on the philosophy that detailing requirements should vary based on R values, not Seismic Design
Categories. Other changes made in the 1997 Provisions were editorial (i.e., for clarification or
consistency).

Structures assigned to Seismic Design Categories B, C, and D are required to meet the minimum
construction requirements of Sec. 12.5 (Sherwood and Stroh, 1989) or must be engineered using
standard design methods and principles of mechanics. Conventional light-frame construction
requirements were modified in the 1991 Provisions to limit the spacing between braced wall lines
based on calculated capacities to resist the loads and forces imposed.

Engineered structures assigned to Seismic Design Categories B, C, and D are required to conform
to the provisions of Sec. 12.3, Engineered Wood Construction, and Sec. 12.4, Diaphragms and
Shear Walls. Included in these sections are general design limitations, limits on wood resisting
forces contributed by concrete or masonry, shear wall and diaphragm aspect ratio limitations, and
requirements for distribution of shear to vertical resisting elements. See Commentary Sec. 12.3
and 12.4.

In the 1997 Provisions, Sec. 12.4.1 has been modified to improve the clarity and enforceability of
the Provisions. The requirements for Seismic Design Categories C and D were moved into the
same section as Seismic Design Category B with the triggers for restrictions such as materials
limitations associated with Seismic Design Categories C and D being moved to Sec. 12.3 and
12.4.

12.8 SEISMIC DESIGN CATEGORIESE and F: Seismic Design Category F structures
require an engineered design. Conventional construction is not considered rigorous enough for
structures expected to be functional following amajor seismic event. For Seismic Design
Category E and F structures, close attention to load path and detailing is required.

Structures assigned to Seismic Design Category E and F require blocked diaphragms. Structural-
use panels must be applied directly to the framing members; the use of gypsum wallboard
between the structural-use panels and the framing members is prohibited because of the poor
performance of nailsin gypsum. Restrictions on allowable shear values for structural-use shear
panels when used in conjunction with concrete and masonry walls are intended to provide for
deformation compatibility of the different materials.

Changes made in the 1997 Provisions to this section were to provide consistent terminology or
were additions taken from the LRFD standard.

325



2000 Commentary, Chapter 12

REFERENCES

American Institute of Timber Construction. 1994. Timber Construction Manual. New Y ork,
New York: John Wiley and Sons, Inc.

American Forest & Paper Association. 1991. ANS/NFoPA NDS-1991. National Design
Specification for Wood Construction. Washington, D.C.: AF&PA.

American Forest & Paper Association. 1996. Manual of Wood Construction: Load and
Resistance Factor Design (LRFD). Washington, D.C.: AF&PA.

American Plywood Association. 1991. Design/Construction Guide--Diaphragms. Tacoma,
Washington: APA.

American Plywood Association. 1994. Northridge California Earthquake, T94-5. Tacoma,
Washington.: APA.

American Plywood Association. 1996. Proposed Cyclic Testing Standard for Shear Walls.
Tacoma, Washington: APA.

APA - The Engineered Wood Association. 1996. Wood structural panel shear walls with
gypsum wallboard and window/door openings, Report 157. Tacoma, Washington: APA.

ASCE Committee on Wood Load and Resistance Factor Design for Engineered Wood
Construction. 1988. A Pre Sandard Report American Society of Civil Engineers. New Y ork,
New York: ASCE.

ASCE. 1995. Sandard For Load and Resistance Factor For Engineered Wood Construction.
AF&PA/ASCE 16-95. American Society of Civil Engineers, New Y ork, New Y ork.

Applied Technology Council. 1981. Guidelines for the Design of Horizontal Wood Diaphragms,
ATC-7. Redwood City, California: ATC.

Applied Technology Council. 1995. Cyclic Testing of Narrow Plywood Shear Walls, ATC-R-1.
Redwood City, Californiaz ATC.

Breyer, Donald E. 1993. Design of Wood Structures, Third Edition. New Y ork, New Y ork:
McGraw-Hill Book Company.

Canadian Wood Council. 1990. Wood Design Manual. Ottawa: Canadian Wood Council.
Canadian Wood Council. 1991. Wood Reference Handbook. Ottawa: Canadian Wood Council.

Council of American Building Officials (CABO). 1995. One- and Two-Family Dwelling Code.
Country Club Hills, lllinois. BOCA.

Department of the Army, Navy and Air Force. 1992. Seismic Design for Buildings, TM5-809-10
(Tri-Services Manual). Washington, D.C.. U.S. Government Printing Office.

Dolan, J.D., 1994. “Proposed Test Method for Dynamic Properties of Connections Assembled
with Mechanical Fasteners.” ASTM Journal of Testing and Evaluation 22(6):542-547.

Dolan, J. D., and M. W. White. 1992. "Design Considerations for Using Adhesivesin Shear
Walls." ASCE Journal of Sructural Engineering 118(12):3473-3480.

326



Wood Structure Design Requirements

Dolan, J. D. and Johnson, A. C. 1996. “Monotonic Tests of Long Shear Walls with Openings”
Virginia Polytechnic Institute and State University, Timber Engineering Report No. TE-1996-001.
Blacksburg, Virginia: VPISU.

Dolan, J. D. and Johnson, A. C. 1996. “Cyclic Tests of Long Shear Walls with Openings’
Virginia Polytechnic Institute and State University, Timber Engineering Report No. TE-1996-002.
Blacksburg, Virginia: VPISU.

Dolan, J. D., and C. P. Heine. 1997a. Monotonic tests of wood-frame shear walls with various
openings and base restraint configurations, Timber Engineering Report TE-1997-001.
Blacksburg: Virginia Polytechnic Institute and State University.

Dolan, J. D., and C. P. Heine. 1997b. Sequential phased displacement cyclic tests of wood-
frame shear walls with various openings and base restraint configurations, Timber Engineering
Report TE-1997-002. Blacksburg: Virginia Polytechnic Institute and State University.

Earthquake Engineering Research Institute. 1996. Northridge earthquake reconnai ssance report,
Chapter 6, Supplement C to Volume 11, pp 125 et seq., Earthquake Spectra.

Faherty, Keith F., and T. G. Williamson. 1989. Wood Engineering and Construction Handbook.
New York, New York: McGraw-Hill.

U.S. Department of Housing and Urban Development, 1984. HUD Minimum Property
Standards, Vol. I, 11, and I1l. Washington, D.C.: United States Government Printing Office.

Forest Products Laboratory. 1986. Wood: Engineering Design Concepts. University Park:
Materias Education Council, The Pennsylvania State University.

Foschi, R. O., and A. Filiatrault. 1990. Performance Evaluation of 3M Scotch Grip Wood
Adhesive 5230 for the Satic and Dynamic Design of Timber Shear Walls and Diaphragms,
Vancouver: Department of Civil Engineering Report, University of British Columbia.

Goetz, Karl-Heinz, Dieter Hoor, Karl Moehler, and Julius Natterer. 1989. Timber Design and
Construction Source Book: A Comprehensive Guide to Methods and Practice. New Y ork, New
York: McGraw-Hill.

Hoyle and Woeste. 1989. Wood Technology and Design of Structures. lowa State University
Press.

International Conference of Building Officials (ICBO). 1994. Uniform Building Code. Whittier,
Cdliforniac ICBO.

Keenan, F. J. 1986. Limit Sates Design of Wood Structures. Morrison Hershfield Limited.

NAHB Research Center. 1998. The performance of shear walls with narrow wall segments,
reduced based restraint, and alternative framing methods. Upper Marlboro, Maryland.

Rose, J. D., 1996. Research Report 158. “Preliminary Testing of Wood Structural Panel Shear
Walls Under Cyclic (Reversed) Loading.” Tacoma, Washington: APA.

Sherwood and Stroh. 1989. "Wood-Frame House Construction” in Agricultural Handbook 73.
Washington, D.C.: U.S. Government Printing Office.

327



2000 Commentary, Chapter 12

Somayqji, Shan. 1992. Structural Wood Design. St. Paul, Minnesota: West Publishing Co.

Stalnaker, Judith J., and E. C. Harris. 1996. Structural Design in Wood, Second Edition. New
York, New York: McGraw-Hill.

Sugiyama, H. 1981. “The evaluation of shear strength of plywood-sheathed walls with
openings,” Wood Industry, 36-7, July.

Sugiyama, H., and T. Matsumoto. 1994. “Empirical equations for the estimation of racking
strength of plywood-sheathed shear wall with openings,” in Summaries of Technical Papers of
Annual Meeting, Architectural Institute of Japan, September.

U.S. Department of Agriculture, National Oceanic and Atmospheric Administration. 1971. San
Fernando, California, Earthquake of February 9, 1971. Washington, D.C.: NOAA.

White, M. W. and J. D. Dolan, 1996. “Seismic Response of Timber Shear Walls. Part |: Aspect
Ratios.” Paper submitted for publication in ASCE Journal of Structural Engineering.

Yasumura, M., and H. Sugiyama. 1984. “Shear properties of plywood-sheathed wall panels with
openings,” in Transaction of the Architectural Institute of Japan, No. 338, April.

Additional references are listed in John Peterson. 1983. "Bibliography on Lumber and Wood
Panel Diaphragms” , Journal of Sructural Engineering, Vol. 109 No. 12. American Society of
Civil Engineers, New Y ork, New Y ork.

328



