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2.1 General

4 GENERAL DESIGN REQUIREMENTS

2.1.1 Scope

The provisions of this document cover materials,
design and construction of wood members, fasteners,
and assemblies to resist wind and seismic forces.

2.1.2 Design Methods

Engineered design of wood structures to resist wind
and seismic forces shall be by one of the methods de-
scribed in 2.1.2.1 and 2.1.2.2.

Exception: Wood structures shall be permit-
ted to be constructed in accordance with pre-
scriptive provisions permitted by the authority
having jurisdiction.

2.2 Terminology

2.1.2.1 Allowable Stress Design: Allowable stress
design (ASD) shall be in accordance with the Na-
tional Design Specification®™ (NDS®) for Wood Con-
struction (ANSI/AF&PA NDS-05) and provisions of
this document.

2.1.2.2 Strength Design: Load and resistance factor
design (LRFD) of wood structures shall be in accor-
dance with the National Design Specification (NDS)
for Wood Construction (ANSI/AF&PA NDS-05) and
provisions of this document.

ALLOWABLE STRESS DESIGN. A method of pro-
portioning structural members and their connections
such that stresses do not exceed specified allowable
stresses when the structure is subjected to appropriate
load combinations (also called working stress design).

ASD REDUCTION FACTOR. A factor to reduce
nominal strength to an allowable stress design level.

BOUNDARY ELEMENT. Diaphragm and shear wall
boundary members to which sheathing transfers forces.
Boundary elements include chords and collectors at
diaphragm and shear wall perimeters, interior openings,
discontinuities, and re-entrant corners.

CHORD. A boundary element perpendicular to the
applied load that resists axial stresses due to the in-
duced moment.

COLLECTOR. A diaphragm or shear wall element
parallel and in line with the applied force that collects
and transfers diaphragm shear forces to the vertical
elements of the lateral-force-resisting system and/or
distributes forces within the diaphragm.

COMPOSITE PANELS. A wood structural panel
comprised of wood veneer and reconstituted wood-
based material bonded together with a waterproof adhe-
sive.

DIAPHRAGM. A roof, floor, or other membrane
bracing system acting to transmit lateral forces to the
vertical resisting elements. When the term “dia-
phragm” is used, it includes horizontal bracing systems.

DIAPHRAGM, BLOCKED. A diaphragm in which
all adjacent panel edges are fastened to either common
framing members or common blocking.

DIAPHRAGM, FLEXIBLE. A diaphragm is flexible
for the purpose of distribution of story shear when the
computed maximum in-plane deflection of the dia-
phragm itself under lateral load is greater than two
times the average deflection of adjoining vertical ele-
ments of the lateral force resisting system of the associ-
ated story under equivalent tributary lateral load.

DIAPHRAGM, RIGID. A diaphragm is rigid for the
purpose of distribution of story shear and torsional
moment when the computed maximum in-plane deflec-
tion of the diaphragm itself under lateral load is less
than or equal to two times the average deflection of ad-
joining vertical elements of the lateral force-resisting
system of the associated story under equivalent tribu-
tary lateral load. For analysis purposes, it can be as-
sumed that a rigid diaphragm distributes story shear and
torsional moment into lines of shear walls by the rela-
tive lateral stiffness of the shear walls.
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DIAPHRAGM BOUNDARY. A location where shear
is transferred into or out of the diaphragm sheathing.
Transfer is either to a boundary element or to another
force-resisting element.

DIAPHRAGM, UNBLOCKED. A diaphragm that
has fasteners at boundaries and supporting members
only. Blocking between supporting structural members
at panel edges is not included.

FIBERBOARD. A fibrous, homogeneous panel made
from lignocellulosic fibers (usually wood or cane) and
having a density of less than 31 pounds per cubic foot
but more than 10 pounds per cubic foot.

FORCE-TRANSFER SHEAR WALL. A shear wall
with openings in the wall that has been specifically de-
signed and detailed for force transfer around the open-
ings.

HARDBOARD. A fibrous-felted, homogeneous panel
made from lignocellulosic fibers consolidated under
heat and pressure in a hot press to a density not less
than 31 pounds per cubic foot.

LATERAL STIFFNESS. The inverse of the deforma-
tion of shear walls under an applied unit load, or the
force required to deform a shear wall a unit distance.

LOAD AND RESISTANCE FACTOR DESIGN
(LRFD). A method of proportioning structural mem-
bers and their connections using load and resistance
factors such that no applicable limit state is reached
when the structure is subjected to appropriate load
combinations.

NOMINAL STRENGTH. Strength of a member,
cross section, or connection before application of any
strength reduction factors.

ORIENTED STRAND BOARD. A mat-formed wood
structural panel product composed of thin rectangular
wood strands or wafers arranged in oriented layers and
bonded with waterproof adhesive.

PARTICLEBOARD. A generic term for a panel pri-
marily composed of cellulosic materials (usually
wood), generally in the form of discrete pieces or parti-
cles, as distinguished from fibers. The cellulosic mate-
rial is combined with synthetic resin or other suitable
bonding system by a process in which the interparticle
bond is created by the bonding system under heat and
pressure.

PERFORATED SHEAR WALL. A shear wall with
openings in the wall that has not been specifically de-

signed and detailed for force transfer around wall open-
ings, and meets the requirements of 4.3.5.3.

PERFORATED SHEAR WALL SEGMENT. A
section of a perforated shear wall with full height
sheathing that meets the requirements for maximum
aspect ratio limits in 4.3.4.

PLYWOOD. A wood structural panel comprised of
plies of wood veneer arranged in cross-aligned layers.
The plies are bonded with an adhesive that cures on
application of heat and pressure.

REQUIRED STRENGTH. Strength of a member,
cross section, or connection required to resist factored
loads or related internal moments and forces.

RESISTANCE FACTOR. A factor that accounts for
deviations of the actual strength from the nominal
strength and the manner and consequences of failure.

SEISMIC DESIGN CATEGORY. A classification
assigned to a structure based on its Seismic Use Group
(see building code) and the severity of the design earth-
quake ground motion at the site.

SHEAR WALL. A wall designed to resist lateral
forces parallel to the plane of a wall.

SHEAR WALL, BLOCKED. A shear wall in which
all adjacent panel edges are fastened to either common
framing members or common blocking.

SHEAR WALL, UNBLOCKED. A shear wall that
has fasteners at boundaries and vertical framing mem-
bers only. Blocking between vertical framing members
at adjacent panel edges is not included.

SHEAR WALL LINE. A series of shear walls in a
line at a given story level.

TIE-DOWN (HOLD DOWN). A device used to resist
uplift of the chords of shear walls.

WALL PIER. A section of wall adjacent to an open-
ing and equal in height to the opening, which is de-
signed to resist lateral forces in the plane of the wall
according to the force-transfer method (4.3.5.2).

WOOD STRUCTURAL PANEL. A panel manufac-
tured from veneers; or wood strands or wafers; or a
combination of veneer and wood strands or wafers;
bonded together with waterproof synthetic resins or
other suitable bonding systems. Examples of wood
structural panels are plywood, oriented strand board
(OSB), or composite panels.
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6 GENERAL DESIGN REQUIREMENTS

2.3 Notation

(@]

o

@ m

3L,

= < 4

area, in?

compression chord force, Ibs
shear capacity adjustment factor
modulus of elasticity, psi

specific gravity

apparent shear stiffness from nail slip and panel
shear deformation, kips/in.

combined apparent shear wall shear stiffness of
two-sided shear wall, kips /in.

apparent shear wall shear stiffness for side 1,
Kips/in.

apparent shear wall shear stiffness for side 2,
Kips/in.

minimum ratio of v, /G, or v,/G,,

dimension of a diaphragm in the direction per-
pendicular to the application of force and is
measured as the distance between vertical ele-
ments of the lateral-force-resisting system (in
many cases, this will match the sheathed dimen-
sions), ft. For open front structures, L is the
length from the edge of the diaphragm at the
open front to the vertical resisting elements
parallel to the direction of the applied force, ft

length of the cantilever for a cantilever dia-
phragm, ft

sum of perforated shear wall segment lengths,
ft

response modification coefficient
tension chord force, Ibs
induced shear force in perforated shear wall, Ibs

dimension of a diaphragm in the direction of ap-
plication of force and is measured as the dis-
tance between diaphragm chords, ft (in many
cases, this will match the sheathed dimension)

length of a shear wall or shear wall segment
measured as the sheathed dimension of the
shear wall or segment, ft

length of a shear wall or shear wall segment for
determining aspect ratio, ft. For perforated
shear walls, use the minimum shear wall seg-
ment length included in the ZL, For force-
transfer shear walls, see 4.3.4.2.

h =

Va1

Vg2

dia

sw

o
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height of a shear wall or shear wall segment, ft,
measured as:

1. maximum clear height from top of founda-
tion to bottom of diaphragm framing above,
ft, or

2. maximum clear height from top of dia-
phragm below to bottom of diaphragm fram-
ing above, ft

uniform uplift force, Ibs /ft
induced unit shear, Ibs /ft
maximum induced unit shear force, Ibs /ft

nominal unit shear capacity for seismic design,
Ibs /ft

combined nominal unit shear capacity of two-
sided shear wall for seismic design, Ibs /ft

nominal unit shear capacity for designated side
1, Ibs/ft

nominal unit shear capacity for designated side
2, Ibs/ft

nominal unit shear capacity for wind design,
Ibs /ft

combined nominal unit shear capacity of two-
sided shear wall for wind design, Ibs /ft

distance from chord splice to nearest support, ft

total vertical elongation of wall anchorage sys-
tem (including fastener slip, device elongation,
rod elongation, etc.), in, at the induced unit shear
in the shear wall

diaphragm chord splice slip at the induced unit
shear in diaphragm, in.

maximum diaphragm deflection determined by
elastic analysis, in.

maximum shear wall deflection determined by
elastic analysis, in.

sheathing resistance factor for out-of-plane
bending

resistance factor for connections

sheathing resistance factor for in-plane shear of
shear walls and diaphragms

system overstrength factor
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3.1 Framing

8 MEMBERS AND CONNECTIONS

3.1.1 Wall Framing

In addition to gravity loads, wall framing shall be
designed to resist induced wind and seismic forces.
The framing shall be designed using the methods refer-
enced in 2.1.2.1 for allowable stress design (ASD) and
2.1.2.2 for strength design (LRFD).

3.1.1.1 Wall Stud Bending Design Value Increase:
The reference bending design value, Fy,, for sawn lum-
ber wood studs resisting out-of-plane wind loads shall
be permitted to be increased by the repetitive member
factors in Table 3.1.1.1, in lieu of the NDS repetitive
member factor, C;=1.15. The repetitive member factors
in Table 3.1.1.1 apply when studs are designed for
bending, spaced no more than 16" on center, covered
on the inside with a minimum of 1/2" gypsum wall-
board, attached in accordance with minimum building
code requirements and sheathed on the exterior with a
minimum of 3/8" wood structural panel sheathing with
all panel joints occurring over studs or blocking and
attached using a minimum of 8d common nails spaced a
maximum of 6" on center at panel edges and 12" on
center at intermediate framing members.

Table 3.1.1.1 Wall Stud Repetitive
Member Factors

Stud Size System Factor
2x4 1.50
2x6 1.35
2x8 1.25
2x10 1.20
2x12 1.15

3.2 Sheathing

3.1.2 Floor Framing

In addition to gravity loads, floor framing shall be
designed to resist induced wind and seismic forces. The
framing shall be designed using the methods referenced
in 2.1.2.1 for allowable stress design (ASD) and 2.1.2.2
for strength design (LRFD).

3.1.3 Roof Framing

In addition to gravity loads, roof framing shall be
designed to resist induced wind and seismic forces. The
framing shall be designed using the methods referenced
in 2.1.2.1 for allowable stress design (ASD) and 2.1.2.2
for strength design (LRFD).

3.2.1 Wall Sheathing

Exterior wall sheathing and its fasteners shall be
capable of resisting and transferring wind loads to the
wall framing. Maximum spans and nominal uniform
load capacities for wall sheathing materials are given in
Table 3.2.1. The ASD allowable uniform load capaci-
ties to be used for wind design shall be determined by

dividing the nominal uniform load capacities in Table
3.2.1 by an ASD reduction factor of 1.6. The LRFD
factored uniform load capacities to be used for wind
design shall be determined by multiplying the nominal
uniform load capacities in Table 3.2.1 by a resistance
factor, ¢, of 0.85. Sheathing used in shear wall assem-
blies to resist lateral forces shall be designed in accor-
dance with 4.3.

AMERICAN WOOD COUNCIL



Table 3.2.1 Nominal Uniform Load Capacities (psf) for Wall Sheathing
Resisting Out-of-Plane Wind Loads"

Strength Axis®
Perpendicular to Supports Parallel to Supports
Minimum Maximum Actual Stud Spacing || Maximum | Actual Stud Spacing
Sheathing Type® Span Rating or Grade Thickness Stud (in.) Stud (in.)
(in.) Spacing | 12 [ 16 [ 24 | Seacing [ 12 | 16 | 24
(in-) Nominal Uniform (in) Nominal Uniform
Loads (psf) Loads (psf)

Wood Structural Panels 24/0 3/8 24 425 | 240 105 24 90 50 25°
(Sheathing Grades, C-C, 24/16 7116 24 540 | 305 | 135 24 110 | 60 | 25° =
C-D. C-C Plugged, OSB) 32/16 15/32 24 625 | 355 | 155 24 155 | 90 | 407 =
40/20 19/32 24 955 | 595 265 24 255 145 | 65° %
48/24 23/32 24 1160 | 805 360 24 380 215 | 95 )
Particleboard Sheathing 3/8 16 (contact 16 (contact »
(M-S Exterior Glue) 12 16 manufacturer) 16 manufacturer) ;
Particleboard Panel Siding 5/8 16 (contact 16 (contact O
(M-S Exterior Glue) 3/4 24 manufacturer) 24 manufacturer) (o)
Hardboard Siding Lap Siding 7/16 16 460 | 260 - - - - - g
(Direct to Studs) Shiplap Edge Panel Siding 7/16 24 460 | 260 | 115 24 460 | 260 | 115 ﬁ
Square Edge Panel Siding 7/16 24 460 | 260 115 24 460 260 | 115 (o]
Cellulosic Fiberboard Regular 12 16 90 50 - 16 90 50 - =
Sheathing Structural 112 16 135 | 75 - 16 135 | 75 | - =
Structural 25/32 16 165 90 - 16 165 90 - »

. Nominal capacities shall be adjusted in accordance with Section 3.2.1 to determine ASD uniform load capacity and LRFD uniform resistances.

SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC 9

2. Sheathing shall be plywood with 4 or more plies or OSB.

3. Wood structural panels shall conform to the requirements for its type in DOC PS 1 or PS 2. Particleboard sheathing shall conform to ANSI A208.1. Hardboard
panel and siding shall conform to the requirements of ANSI/CPA A135.6. Cellulosic fiberboard sheathing shall conform to ASTM C 208.

4. Tabulated values are for maximum bending loads from wind. Loads are limited by bending or shear stress assuming a 2-span continuous condition. Where
panels are continuous over 3 or more spans the tabulated values shall be permitted to be increased in accordance with the ASD/LRFD Manual for Engineered
Wood Construction.

5. Strength axis is defined as the axis parallel to the face and back orientation of the flakes or the grain (veneer), which is generally the long panel direction, unless
otherwise marked.
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MEMBERS AND CONNECTIONS

3.2.2 Floor Sheathing load capacities for roof sheathing materials are given in
Table 3.2.2. The ASD allowable uniform load capaci-

ties to be used for wind design shall be determined by
dividing the nominal uniform load capacities in Table
3.2.2 by an ASD reduction factor of 1.6. The LRFD
factored uniform load capacities to be used for wind
design shall be determined by multiplying the nominal

- uniform load capacities in Table 3.2.2 by a resistance
3.2.3 Roof Sheathing factor, ¢y, of 0.85. Sheathing used in diaphragm as-
semblies to resist lateral forces shall be designed in ac-
cordance with 4.2.

Floor sheathing shall be capable of resisting and
transferring gravity loads to the floor framing. Sheath-
ing used in diaphragm assemblies to resist lateral forces
shall be designed in accordance with 4.2.

Roof sheathing and its fasteners shall be capable of
resisting and transferring wind and gravity loads to the
roof framing. Maximum spans and nominal uniform

Table 3.2.2 Nominal Uniform Load Capacities (psf) for Roof Sheathing
Resisting Out-of-Plane Wind Loads"’

Sheathing Type? Span Rating or Grade Minimum Strength Axis* Applied
Thickness Perpendicular to Supports

(in.)

Rafter/Truss Spacing (in.)

12 16 19.2 24 32 48
Nominal Uniform Loads (psf)

Wood Structural Panels 24/0 3/8 425 240 165 105 - -
(Sheathing Grades, C-C, 24/16 7/16 540 305 210 135 - -
C-D, C-C Plugged, OSB) 32/16 15/32 625 355 245 155 90 -
40/20 19/32 955 595 415 265 150 -

48/24 23/32 1160 805 560 360 200 90
Wood Structural Panels 16 o.c. 19/32 705 395 275 175 100 -
(Single Floor Grades, 20 o.c. 19/32 815 455 320 205 115 -
Underlayment, C-C Plugged) 24 o.c. 23/32 1085 610 425 270 150 -
32o.c. 7/8 1395 830 575 370 205 90

48 o.c. 1-1/8 1790 1295 1060 680 380 170

1. Nominal capacities shall be adjusted in accordance with Section 3.2.3 to determine ASD uniform load capacity and LRFD uniform resistances.

2. Wood structural panels shall conform to the requirements for its type in DOC PS 1 or PS 2.

3. Tabulated values are for maximum bending loads from wind. Loads are limited by bending or shear stress assuming a 2-span continuous condition. Where
panels are continuous over 3 or more spans, the tabulated values shall be permitted to be increased in accordance with the ASD/LRFD Manual for Engineered
Wood Construction.

4. Strength axis is defined as the axis parallel to the face and back orientation of the flakes or the grain (veneer), which is generally the long panel direction, unless
otherwise marked.

3.3 Connections

Connections resisting induced wind and seismic
forces shall be designed in accordance with the meth-
ods referenced in 2.1.2.1 for allowable stress design
(ASD) and 2.1.2.2 for strength design (LRFD).
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LATERAL FORCE-RESISTING SYSTEMS

4.1 General

4.1.1 Design Requirements

The proportioning, design, and detailing of engi-
neered wood systems, members, and connections in
lateral force-resisting systems shall be in accordance
with the reference documents in 2.1.2 and provisions in
this chapter. A continuous load path, or paths, with
adequate strength and stiffness shall be provided to
transfer all forces from the point of application to the
final point of resistance.

4.1.2 Shear Capacity

Nominal shear capacities of diaphragms and shear
walls are provided for reference assemblies in Tables
4.2A, 4.2B, 4.2C, and 4.2D and Tables 4.3A, 4.3B,
4.3C, and 4.3D, respectively. Alternatively, shear ca-
pacity of diaphragms and shear walls shall be permitted
to be calculated by principles of mechanics using val-
ues of fastener strength and sheathing shear capacity.

4.1.3 Deformation Requirements

Deformation of connections within and between
structural elements shall be considered in design such
that the deformation of each element and connection
comprising the lateral force-resisting system is com-
patible with the deformations of the other lateral force-
resisting elements and connections and with the overall
system.

4.1.4 Boundary Elements

Shear wall and diaphragm boundary elements shall
be provided to transfer the design tension and compres-
sion forces. Diaphragm and shear wall sheathing shall
not be used to splice boundary elements. Diaphragm
chords and collectors shall be placed in, or in contact
with, the plane of the diaphragm framing unless it can
be demonstrated that the moments, shears, and deflec-
tions, considering eccentricities resulting from other
configurations, can be tolerated without exceeding the
framing capacity and drift limits.

4.1.5 Wood Members and Systems
Resisting Seismic Forces
Contributed by Masonry and
Concrete Walls

Wood-frame shear walls, wood-frame diaphragms,
trusses, and other wood members and systems shall not
be used to resist seismic forces contributed by masonry
or concrete walls in structures over one story in height.

Exceptions:

1. Wood floor and roof members shall be permit-
ted to be used in diaphragms and horizontal
trusses to resist horizontal seismic forces con-
tributed by masonry or concrete walls provided
such forces do not result in torsional force dis-
tribution through the diaphragm or truss.

2. Vertical wood structural panel sheathed shear
walls shall be permitted to be used to provide
resistance to seismic forces contributed by ma-
sonry or concrete walls in two-story structures,
provided the following requirements are met:

a. Story-to-story wall heights shall not exceed
12'.

b. Diaphragms shall not be considered to
transmit lateral forces by torsional force
distribution or cantilever past the outermost
supporting shear wall.

c. Combined deflections of diaphragms and
shear walls shall not permit design story drift
of supported masonry or concrete walls to
exceed the allowable story drift in accor-
dance with Section 12.12.1 of ASCE 7.

d. Wood structural panel diaphragms shall be
blocked diaphragms.

e. Wood structural panel shear walls shall be
blocked shear walls and, for the lower
story, the sheathing shall have a minimum
thickness of 15/32".

f. There shall be no out-of-plane horizontal
offsets between the first and second stories
of wood structural panel shear walls.
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4.1.6 Wood Members and Systems
Resisting Seismic Forces from
Other Concrete or Masonry
Construction

Wood members and systems shall be designed to
resist seismic forces from other concrete, or masonry
components, including but not limited to: chimneys,
fireplaces, concrete or masonry veneers, and concrete
floors.

4.2 Wood-Frame Diaphragms

4.1.7 Toe-Nailed Connections

In seismic design categories D, E, and F, the capac-
ity of toe-nailed connections shall not be used when
calculating lateral load resistance to transfer seismic
lateral forces greater than 150 pounds per lineal foot for
ASD and 205 pounds per lineal foot for LRFD from
diaphragms to shear walls, collectors, or other ele-
ments, or from shear walls to other elements.

4.2.1 Application Requirements

Wood-frame diaphragms shall be permitted to be
used to resist lateral forces provided the deflection in
the plane of the diaphragm, as determined by calcula-
tions, tests, or analogies drawn therefrom, does not ex-
ceed the maximum permissible deflection limit of at-
tached load distributing or resisting elements. Permis-
sible deflection shall be that deflection that will permit
the diaphragm and any attached elements to maintain
their structural integrity and continue to support their
prescribed loads as determined by the applicable build-
ing code or standard. Framing members, blocking, and
connections shall extend into the diaphragm a sufficient
distance to develop the force transferred into the dia-
phragm.

4.2.2 Deflection

Calculations of diaphragm deflection shall account
for bending and shear deflections, fastener deformation,
chord splice slip, and other contributing sources of de-
flection.

The diaphragm deflection, 8., shall be permitted to
be calculated by use of the following equation:

SvL®  0.25vL  2.(xA,)

= 4.2-1
%as = BEAW " 1000G, T 2W (4.2-1)

where:

E = modulus of elasticity of diaphragm chords,
psi

A = area of chord cross-section, in.

G, = apparent diaphragm shear stiffness from
nail slip and panel shear deformation,
kips/in. (from Column A, Tables 4.2A, 4.2B,
4.2C, or 4.2D)

L = diaphragm length, ft
v = induced unit shear in diaphragm, lbs /ft
W = diaphragm width, ft

x = distance from chord splice to nearest
support, ft

A, = diaphragm chord splice slip, in., at the
induced unit shear in diaphragm

3,, = maximum mid-span diaphragm deflection
determined by elastic analysis, in.

Alternatively, for wood structural panel dia-
phragms, deflection shall be permitted to be calculated
using a rational analysis where apparent shear stiffness
accounts for panel shear deformation and non-linear
nail slip in the sheathing-to-framing connection.

4.2.3 Unit Shear Capacities

Tabulated nominal unit shear capacities for seismic
design are provided in Column A of Tables 4.2A, 4.2B,
4.2C, and 4.2D; and for wind design in Column B of
Tables 4.2A, 4.2B, 4.2C, and 4.2D. The ASD allowable
unit shear capacity shall be determined by dividing the
tabulated nominal unit shear capacity, modified by ap-
plicable footnotes, by the ASD reduction factor of 2.0.
The LRFD factored unit resistance shall be determined
by multiplying the tabulated nominal unit shear capac-
ity, modified by applicable footnotes, by a resistance
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LATERAL FORCE-RESISTING SYSTEMS

factor, ¢p, of 0.80. No further increases shall be per-
mitted.

4.2.4 Diaphragm Aspect Ratios

Size and shape of diaphragms shall be limited to
the aspect ratios in Table 4.2.4.

Table 4.2.4 Maximum Diaphragm

Aspect Ratios
(Horizontal or Sloped Diaphragms)

Diaphragm Maximum
Sheathing Type L/W Ratio
Wood structural panel, unblocked 3:1
Wood structural panel, blocked 4:1
Single-layer straight lumber sheathing 2:1
Single-layer diagonal lumber sheathing 3:1
Double-layer diagonal lumber sheathing 4:1

4.2.5 Horizontal Distribution of
Shear

Diaphragms shall be defined as rigid or flexible for
the purposes of distributing shear loads and designing
for torsional moments. When a diaphragm is defined as
flexible, the diaphragm shear forces shall be distributed
to the vertical resisting elements based on tributary
area. When a diaphragm is defined as rigid, the dia-
phragm shear forces shall be distributed based on the
relative lateral stiffnesses of the vertical-resisting ele-
ments of the story below.

4.2.5.1 Torsional Irregularity: Structures with rigid
wood-frame diaphragms shall be considered as torsion-
ally irregular when the maximum story drift, computed
including accidental torsion, at one end of the structure
is more than 1.2 times the average of the story drifts at
the two ends of the structure. Where torsional irregular-
ity exists, diaphragms shall meet the following re-

quirements:
1. The diaphragm conforms to 4.2.7.1, 4.2.7.2, or
4.2.7.3.

2. The L/W ratio of the diaphragm is not greater
than 1:1 for one-story structures or not greater
than 0.67:1 for structures over one story in
height.

Exception: Where calculations show that dia-
phragm deflections can be tolerated, the

length, L, shall be permitted to be increased to
an L/W ratio not greater than 1.5:1 when
sheathed in conformance with 4.2.7.1 or not
greater than 1:1 when sheathed in confor-
mance with 4.2.7.2 or 4.2.7.3.

4.2.5.1.1 Open Front Structures: Open front struc-
tures utilizing wood-frame rigid diaphragms to distrib-
ute shear forces through torsion shall be permitted pro-
vided:

1. The diaphragm length, L, (normal to the open
side) does not exceed 25'.

2. The L/W ratio of the diaphragm (as shown in
Figure 4A) is less than or equal to 1:1 for one-
story structures or 0.67:1 for structures over
one story in height.

Exception: Where calculations show that dia-
phragm deflections can be tolerated, the length,
L, (normal to the open side) shall be permitted to
be increased to an L/W ratio not greater than
1.5:1 when sheathed in conformance with
4.2.7.1 or 4.2.7.3, or not greater than 1:1 when
sheathed in conformance with 4.2.7.2.

Figure 4A Open Front Structure

Shear Walls
Z Z 7 7 7 7 7 7 7 7 7 7 7 7
L 1
LA 1
Force ] W I
- L d
’ Open Front
’ 1 on Building
< o
Plan View

4.2.5.2 Cantilevered Diaphragms: Rigid wood-
frame diaphragms shall be permitted to cantilever past
the outermost supporting shear wall (or other vertical
resisting element) a distance, L., of not more than 25' or
2/3 of the diaphragm width, W, whichever is smaller.
Figure 4B illustrates the dimensions of L. and W for a
cantilevered diaphragm.
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Figure 4B Cantilevered Building

Shear Walls
Z 27 27 27 27 Z 2 Z 27 Z Z 2Z Z 2 7
’
9 4
Force
- q e
9 4
9 4
( B Cantilevered
1 [1 Diaph
’ 7 7 7 7 7 7 7 7 7 7 27 7 7 /7 Iap ragm

W
Plan View

4.2.6 Construction Requirements

4.2.6.1 Framing Requirements: Diaphragm bound-
ary elements shall be provided to transmit the design
tension, compression, and shear forces. Diaphragm
sheathing shall not be used to splice boundary ele-
ments. Diaphragm chords and collectors shall be placed
in, or in contact with, the plane of the diaphragm fram-
ing unless it can be demonstrated that the moments,
shears, and deflections, considering eccentricities re-
sulting from other configurations, can be tolerated
without exceeding the framing capacity and drift limits.

4.2.6.2 Sheathing: Diaphragms shall be sheathed
with approved materials. Details on sheathing types and
thicknesses for commonly used floor, roof, and ceiling

diaphragm assemblies are provided in 4.2.7 and Tables
4.2A,4.2B,4.2C, and 4.2D.

4.2.6.3 Fasteners: Sheathing shall be attached to
framing members using nails or other approved fasten-
ers alone, or in combination with adhesives. Nails shall
be driven with the head of the nail flush with the sur-
face of the sheathing. Other approved fasteners shall be
driven as required for proper installation of that fas-
tener.

4.2.7 Diaphragm Assemblies

4.2.7.1 Wood Structural Panel Diaphragms: Dia-
phragms sheathed with wood structural panel sheathing
shall be permitted to be used to resist seismic and wind
forces. Wood structural panel sheathing used for dia-
phragms that are part of the lateral force-resisting sys-
tem shall be applied directly to the framing members
and blocking.

Exception: Wood structural panel sheathing in a
diaphragm is permitted to be fastened over solid
lumber planking or laminated decking provided
the following requirements are met:

1. Panel edges do not coincide with joints in the
lumber planking or laminated decking.

2. Adjacent panel edges parallel to the planks or
decking are fastened to a common member.

3. The planking or decking shall be of sufficient
thickness to satisfy minimum fastener penetra-
tion in framing members and blocking as re-
quired in Table 4.2A.

4. Diaphragm aspect ratio (L/W) does not exceed
that for a blocked wood structural panel dia-
phragm (4:1).

5. Diaphragm forces are transferred from wood
structural panel sheathing to diaphragm bound-
ary elements through planking or decking or by
other methods.

4.2.7.1.1 Blocked Diaphragms: Where diaphragms
are designated as blocked, all joints in sheathing shall
occur over and be fastened to common framing mem-
bers or common blocking. The size and spacing of fas-
teners at wood-frame diaphragm boundaries and panel
edges shall be as prescribed in Table 4.2A. The dia-
phragm shall be constructed as follows:

1. Panels shall not be less than 4' x 8' except at
boundaries and changes in framing where
minimum panel dimension shall be 24" unless
all edges of the undersized panels are supported
by and fastened to framing members or block-
ing.

2. Nails shall be located at least 3/8" from the
edges of panels. Maximum nail spacing at
panel edges shall be 6" on center. Nails along
intermediate framing members and blocking
for panels shall be the same size as installed at
the panel edges. Maximum nail spacing shall
be 6" on center when support spacing of 48" on
center is specified and 12" on center for closer
support spacings.

3. The width of the nailed face of framing mem-
bers and blocking shall be 2" nominal or
greater at adjoining panel edges except that a
3" nominal or greater width at adjoining panel
edges and staggered nailing at all panel edges
are required where:

a. Nail spacing of 2-1/2" on center or less at
adjoining panel edges is specified, or
b. 10d common nails having penetration in-
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LATERAL FORCE-RESISTING SYSTEMS

to framing members and blocking of
more than 1-1/2" are specified at 3" on
center or less at adjoining panel edges.
4. Wood structural panels shall conform to the
requirements for their type in DOC PS1 or PS2.

4.2.7.1.2 High Load Blocked Diaphragms: All
joints in sheathing shall occur over and be fastened to
common framing members or common blocking. The
size and spacing of fasteners at wood-frame diaphragm
boundaries and panel edges shall be as prescribed in
Table 4.2B and Figure 4C. The diaphragms shall be
constructed as follows:

1. Panels shall not be less than 4' x 8' except at
boundaries and changes in framing where
minimum panel dimension shall be 24" unless
all edges of the undersized panels are supported
by and fastened to framing members or block-
ing.

2. Nails shall be located at least 3/8" from panel
edges but not less than distances shown in Fig-
ure 4C. Maximum nail spacing at panel edges
shall be 6" on center. Nails along intermediate
framing members for panels shall be the same
size as installed at the panel edges. Maximum
nail spacing shall be 6" on center when support
spacing of greater than 32" on center is speci-
fied. Maximum nail spacing shall be 12" on
center for specified support spacing of 32" on
center or less.

3. In diaphragm boundary members, lines of fas-
teners shall be equally spaced and fasteners
within each line shall be staggered where spac-
ing is 3" on center or less.

4. The width of the nailed face of framing mem-
bers and blocking shall be 3" nominal or
greater. The width of the nailed face not lo-
cated at boundaries or adjoining panel edges
shall be 2" nominal or greater.

5. Wood structural panels shall conform to the re-
quirements for their type in DOC PS1 or PS2.

4.2.7.1.3 Unblocked Diaphragms: Where dia-
phragms are designated as unblocked, the diaphragms
shall be constructed as specified in 4.2.7.1.1, except
that blocking between supporting structural members at
panel edges shall not be required. The size and spacing

of fasteners at wood-frame diaphragm boundaries and
panel edges shall be as prescribed in Table 4.2C.

4.2.7.2 Diaphragms Diagonally Sheathed with Sin-
gle-Layer of Lumber: Single diagonally sheathed lum-
ber diaphragms shall be permitted to be used to resist
seismic and wind forces. Single diagonally sheathed
lumber diaphragms shall be constructed of minimum 1"
thick nominal sheathing boards or 2" thick nominal
lumber laid at an angle of approximately 45° to the
supports. End joints in adjacent boards shall be sepa-
rated by at least one joist space and there shall be at
least two boards between joints on the same support.
Nailing of diagonally sheathed lumber diaphragms shall
be in accordance with Table 4.2D. Single diagonally
sheathed lumber diaphragms shall be permitted to con-
sist of 2" nominal lumber (1-%2" thick) where the sup-
ports are not less than 3" nominal (2-4" thick) in width
or 4" nominal (3-/2" deep) in depth

4.2.7.3 Diaphragms Diagonally Sheathed with
Double-Layer of Lumber: Double diagonally sheathed
lumber diaphragms shall be permitted to be used to re-
sist seismic and wind forces. Double diagonally
sheathed lumber diaphragms shall be constructed of
two layers of diagonal sheathing boards laid perpen-
dicular to each other on the same face of the supporting
members. Each chord shall be considered as a beam
with uniform load per foot equal to 50% of the unit
shear due to diaphragm action. The load shall be as-
sumed as acting normal to the chord in the plane of the
diaphragm in either direction. Nailing of diagonally
sheathed lumber diaphragms shall be in accordance
with Table 4.2D

4.2.7.4 Diaphragms Horizontally Sheathed with
Single-Layer of Lumber: Horizontally sheathed lumber
diaphragms shall be permitted to be used to resist seis-
mic and wind forces. Horizontally sheathed lumber
diaphragms shall be constructed of minimum 1" thick
nominal sheathing boards or minimum 2" thick nominal
lumber laid perpendicular to the supports. End joints in
adjacent boards shall be separated by at least one joist
space and there shall be at least two boards between
joints on the same support. Nailing of horizontally
sheathed lumber diaphragms shall be in accordance
with Table 4.2D.
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Figure 4C High Load Diaphragm
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LATERAL FORCE-RESISTING SYSTEMS

4.3 Wood-Frame Shear Walls

4.3.1 Application Requirements

Wood-frame shear walls shall be permitted to re-
sist lateral forces provided the deflection of the shear
wall, as determined by calculations, tests, or analogies
drawn therefrom, does not exceed the maximum per-
missible deflection limit. Permissible deflection shall
be that deflection that permits the shear wall and any
attached elements to maintain their structural integrity
and continue to support their prescribed loads as de-
termined by the applicable building code or standard.
Framing members, blocking, and connections shall
extend into the shear wall a sufficient distance to de-
velop the force transferred into the shear wall.

4.3.2 Deflection

Calculations of shear wall deflection shall account for
bending and shear deflections, fastener deformation, an-
chorage slip, and other contributing sources of deflection.

The shear wall deflection, Oy, shall be permitted
to be calculated by use of the following equation:

3 8vh? vh hA

% ="FAb "1000G, b

2 (4.3-1)

where:
b = shear wall length, ft

A, = total vertical elongation of wall anchor-
age system (including fastener slip, de-
vice elongation, rod elongation, etc.) at
the induced unit shear in the shear wall, in.

E = modulus of elasticity of end posts, psi
A = area of end post cross-section, in.

G, = apparent shear wall shear stiffness from
nail slip and panel shear deformation,
kips/in. (from Column A, Tables 4.3A, 4.3B,
4.3C, or 4.3D)

h = shear wall height, ft

v = induced unit shear, lbs /ft

3., = maximum shear wall deflection deter-
mined by elastic analysis, in.

Alternatively, for wood structural panel shear
walls, deflection shall be permitted to be calculated
using a rational analysis where apparent shear stiffness
accounts for panel shear deformation and non-linear
nail slip in the sheathing to framing connection.

4.3.2.1 Deflection of Perforated Shear Walls: The
deflection of a perforated shear wall shall be calcu-
lated in accordance with 4.3.2, where v in equation
4.3-1 is equal to vy, obtained in equation 4.3-9 and b
1s taken as XL;.

4.3.2.2 Deflection of Unblocked Wood Structural
Panel Shear Walls: The deflection of an unblocked
wood structural panel shear wall shall be permitted to
be calculated in accordance with 4.3.2 using a G, for
24" stud spacing and nails spaced at 6" on center at
panel edges and 12" on center at intermediate framing
members. The induced unit shear, v, in pounds per
foot used in Equation 4.3-1 shall be divided by C,,
from Table 4.3.3.2.

4.3.3 Unit Shear Capacities

The ASD allowable unit shear capacity shall be
determined by dividing the tabulated nominal unit
shear capacity, modified by applicable footnotes, by
the ASD reduction factor of 2.0. The LRFD factored
unit resistance shall be determined by multiplying the
tabulated nominal unit shear capacity, modified by
applicable footnotes, by a resistance factor, ¢p, of
0.80. No further increases shall be permitted.

4.3.3.1 Tabulated Nominal Unit Shear Capacities:
Tabulated nominal unit shear capacities for seismic
design are provided in Column A of Tables 4.3A,
4.3B, 4.3C, and 4.3D; and for wind design in Column
B of Tables 4.3A, 4.3B, 4.3C, and 4.3D.

4.3.3.2 Unblocked Wood Structural Panel Shear
Walls: Wood structural panel shear walls shall be per-
mitted to be unblocked provided nails are installed into
framing in accordance with Table 4.3.3.2 and the
strength is calculated in accordance with Equation 4.3-
2. Unblocked shear wall height shall not exceed 16

AMERICAN WOOD COUNCIL
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feet. Design coefficients and factors for blocked shear
walls as specified in 4.3.3 shall be used.

The nominal unit shear capacity of an unblocked
wood structural panel shear wall, vy, shall be calcu-
lated using the following equation:

v,=Vv,C, (4.3-2)

where:

C,, = Unblocked shear wall adjustment factor
from Table 4.3.3.2

v, = Nominal unit shear capacity (Ibs/ft) from
Table 4.3A for wood structural panel
blocked shear walls with 24" stud spacing
and nails spaced at 6" on center at panel
edges.

v,, = Nominal unit shear capacity (lbs/ft) for
unblocked shear wall.

Table 4.3.3.2 Unblocked Shear Wall
Adjustment Factor, C

Nail Spacing (in.) Stud Spacing (in.)

Supported |Intermediate

Edges Framing 12 16 | 20 o
6 6 1.0 0.8 0.6 0.5
6 12 0.8 0.6 0.5 0.4

4.3.3.3 Summing Shear Capacities: For shear
walls sheathed with the same construction and materi-
als on opposite sides of the same wall, the combined
nominal unit shear capacity, vy or vy, shall be permit-
ted to be taken as twice the nominal unit shear capac-
ity for an equivalent shear wall sheathed on one side.

43.3.3.1 For seismic design of shear walls
sheathed with the same construction and materials on
opposite sides of a shear wall, the shear wall deflection
shall be calculated using the combined apparent shear
wall shear stiffness, G,. and the combined nominal
unit shear capacity, vy, using the following equations:

G, =G, +G,, (4.3-3)
vee =K

min™~“ac

(4.3-4)

where:

G,, = combined apparent shear wall shear
stiffness of two-sided shear wall, kips/in.

G,, = apparent shear wall shear stiffness for
side 1, kips/in. (from Column A, Tables
4.3A,4.3B,4.3C, or 4.3D)

G,, = apparent shear wall shear stiffness for
side 2, kips/in. (from Column A, Tables
4.3A,4.3B,4.3C, or 4.3D)

K., = minimum ratio of v, /G, or v,/G_,

'min

= nominal unit shear capacity for side 1,
Ibs /ft (from Column A, Tables 4.3A, 4.3B,
4.3C, or 4.3D)

sl

= nominal unit shear capacity for side 2,
Ibs /ft (from Column A, Tables 4.3A, 4.3B,
4.3C, or 4.3D)

s2

v, = Combined nominal unit shear capacity of
two-sided shear wall for seismic design,
lbs /ft

4.3.3.3.2 Nominal unit shear capacities for shear
walls sheathed with dissimilar materials on the same
side of the wall are not cumulative. For shear walls
sheathed with dissimilar materials on opposite sides,
the combined nominal unit shear capacity, vs. Or Vye,
shall be either two times the smaller nominal unit
shear capacity or the larger nominal unit shear capac-
ity, whichever is greater.

Exception: For wind design, the combined
nominal unit shear capacity, vy., of shear
walls sheathed with a combination of wood
structural panels, hardboard panel siding, or
structural fiberboard on one side and gypsum
wallboard on the opposite side shall equal the
sum of the sheathing capacities of each side.

4.3.3.4 Summing Shear Wall Lines: The nominal
shear capacity for shear walls in a line, utilizing shear
walls sheathed with the same materials and construc-
tion, shall be permitted to be combined if the induced
shear load is distributed so as to provide the same de-
flection, O, in each shear wall. Summing nominal
unit shear capacities of dissimilar materials applied to
the same wall line is not allowed.
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LATERAL FORCE-RESISTING SYSTEMS

4.3.3.5 Shear Capacity of Perforated Shear Walls:
The nominal shear capacity of a perforated shear wall
shall be taken as the tabulated nominal unit shear ca-
pacity multiplied by the sum of the shear wall segment
lengths, XL;, and the appropriate shear capacity ad-
justment factor, C,, from Table 4.3.3.5 or calculated
using the following equation:

L
o-{alp )
r= #A (4.3-6)

1+

hS 'L,
where:

r = sheathing area ratio

L., = total length of a perforated shear wall
including the lengths of perforated shear
wall segments and the lengths of seg-
ments containing openings

A, = total area of openings in the perforated
shear wall where individual opening areas
are calculated as the opening width times
the clear opening height. Where sheath-
ing is not applied to framing above or be-

low the opening, these areas shall be in-
cluded in the total area of openings.
Where the opening height is less than
h/3, an opening height of h/3 shall be
used

h = height of the perforated shear wall

=L, =sum of perforated shear wall segment
lengths, ft

4.3.4 Shear Wall Aspect Ratios

Size and shape of shear walls shall be limited to
the aspect ratios in Table 4.3.4.

4.3.4.1 Aspect Ratio of Perforated Shear Wall
Segments: The aspect ratio limitations of Table 4.3.4
shall apply to perforated shear wall segments within a
perforated shear wall as illustrated in Figure 4D. Por-
tions of walls with aspect ratios exceeding 3.5:1 shall
not be considered in the sum of shear wall segments.
In the design of perforated shear walls to resist seismic
forces, the nominal shear capacity of the perforated
shear wall shall be multiplied by 2by/h when the aspect
ratio of the narrowest perforated shear wall segment
included in the sum of shear wall segment lengths,
>L;, is greater than 2:1, but does not exceed 3.5:1.

Table 4.3.3.5 Shear Capacity Adjustment Factor, C_

Maximum Opening Height
Wall Height, h
h/3 h/2 2h/3 5h/6 h
8" Wall g 40" 54 6-8" 8-0"
10' Wall 3-4" 5-0" 6'-8" 8'-4" 10'-0"
Percent Full-Height Sheathing 2 Effective Shear Capacity Ratio
10% 1.00 0.69 0.53 0.43 0.36
20% 1.00 0.71 0.56 0.45 0.38
30% 1.00 0.74 0.59 0.49 0.42
40% 1.00 0.77 0.63 0.53 0.45
50% 1.00 0.80 0.67 0.57 0.50
60% 1.00 0.83 0.71 0.63 0.56
70% 1.00 0.87 0.77 0.69 0.63
80% 1.00 0.91 0.83 0.77 0.71
90% 1.00 0.95 0.91 0.87 0.83
100% 1.00 1.00 1.00 1.00 1.00

1 The maximum opening height shall be taken as the maximum opening clear height in a perforated shear wall. Where areas above and/or
below an opening remain unsheathed, the height of each opening shall be defined as the clear height of the opening plus the unsheathed

areas.

2 The sum of the perforated shear wall segment lengths, >'L;, divided by the total length of the perforated shear wall.
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Table 4.3.4 Maximum Shear Wall
Aspect Ratios

Figure 4D Typical Shear Wall
Height-to-Width Ratio for
Perforated Shear Walls

Shear Wall Maximum
Sheathing Type h/b; Ratio
Wood structural panels, unblocked 2:1
Wood structural panels, blocked 3.5:1
Particleboard, blocked 2:1
Diagonal sheathing, conventional 2:1
Gypsum wallboard 2:1°
Portland cement plaster 2:17
Structural Fiberboard 3.5:1°

1 For design to resist seismic forces, the shear wall aspect ratio shall not
exceed 2:1 unless the nominal unit shear capacity is multiplied by 2by/h.

2 Walls having aspect ratios exceeding 1.5:1 shall be blocked shear walls.

3 For design to resist seismic forces, the shear wall aspect ratio shall not
exceed 1:1 unless the nominal unit shear capacity is multiplied by the
Aspect Ratio Factor (Seismic) = 0.1+0.9bs/h. The value of the Aspect
Ratio Factor (Seismic) shall not be greater than 1.0. For design to resist
wind forces, the shear wall aspect ratio shall not exceed 1:1 unless the
nominal unit shear capacity is multiplied by the Aspect Ratio Factor
(Wind) = 1.09-0.09h/bs. The value of the Aspect Ratio Factor (Wind)
shall not be greater than 1.0.

4.3.4.2 Aspect Ratio of Force-transfer Shear
Walls: The aspect ratio limitations of Table 4.3.4 shall
apply to the overall shear wall including openings and
to each wall pier at the sides of openings. The height
of a wall pier with an opening on one side shall be de-
fined as the clear height of the pier at the side of the
opening. The height of a wall pier with an opening on
each side shall be defined as the larger of the clear
heights of the pier at the sides of the openings. The
length of a wall pier shall be defined as the sheathed
length of the pier. Wall piers with aspect ratios ex-
ceeding 3.5:1 shall not be considered as portions of
force-transfer shear walls.

4.3.5 Shear Wall Types

Where individual full-height wall segments are
designed as shear walls, the provisions of 4.3.5.1 shall
apply. For shear walls with openings, where framing
members, blocking, and connections around the open-
ings are designed for force transfer around the open-
ings (force-transfer shear walls) the provisions of
4.3.5.2 shall apply. For shear walls with openings,
where framing members, blocking, and connections
around the opening are not designed for force transfer
around the openings (perforated shear walls) the pro-
visions of 4.3.5.3 shall apply or individual full-height
wall segments shall be designed per 4.3.5.1

|

_
WALL WALL

SEGMENT SEGMENT -4

T 25

WINDOW. g
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OPENINGS 7]

—
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SEGMENT f\ DO
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b b SEGMENT
WIDTH
T
T
R ATATAl
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Note: by is the minimum shear wall segment length,
b, in the perforated shear wall.

4.3.5.1 Individual Full-Height Wall Segments:
Where individual full-height wall segments are de-
signed as shear walls without openings, the aspect ra-
tio limitations of 4.3.4 shall apply to each full-height
wall segment as illustrated in Figure 4E. The follow-
ing limitations shall apply:

1. Openings shall be permitted to occur beyond
the ends of a shear wall. The length of such
openings shall not be included in the length of
the shear wall.

2. Where out-of-plane offsets occur, portions of
the wall on each side of the offset shall be
considered as separate shear wall lines.

3. Collectors for shear transfer shall be provided
through the full length of the shear wall line.
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Figure 4E Typical Individual Full- Figure 4F Typical Shear Wall
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4.3.5.2 Force-transfer Shear Walls: Where shear
walls with openings are designed for force transfer
around the openings, the aspect ratio limitations of
4.3.4.2 shall apply as illustrated in Figure 4F. Design
for force transfer shall be based on a rational analysis.

4.3.5.3 Perforated Shear Walls: Where wood
structural panel shear walls with openings are not de-
signed for force transfer around the openings, they
shall be designed as perforated shear walls. The fol-
lowing limitations shall apply:

The following limitations shall app} y: 1. A perforated shear wall segment shall be lo-
1. The length of each wall pier shall not be less cated at each end of a perforated shear wall,
than 2.

Openings shall be permitted to occur beyond
the ends of the perforated shear wall, provided
the lengths of such openings are not included
in the length of the perforated shear wall.

2. A full-height wall segment shall be located at
each end of a force-transfer shear wall.
3. Where out-of-plane offsets occur, portions of

the Wall on each side of the offset shall be 2. The aspect ratio limitations of Section 4.3.4.1
considered as separate force-transfer shear shall apply
walls. 3. The nominal unit shear capacity for a single-

4. Collectors for shear transfer shall be provided
through the full length of the force-transfer
shear wall.

sided wall shall not exceed 1,740 plf for seis-
mic or 2,435 plf for wind as given in Table
4.3A. The nominal unit shear capacity for a
double-sided wall shall not exceed 2,435 plt
for wind.

4. Where out-of-plane offsets occur, portions of
the wall on each side of the offset shall be
considered as separate perforated shear walls.
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5. Collectors for shear transfer shall be provided
through the full length of the perforated shear
wall.

6. A perforated shear wall shall have uniform
top-of-wall and bottom-of-wall elevations.
Perforated shear walls not having uniform ele-
vations shall be designed by other methods.

7. Perforated shear wall height, h, shall not ex-
ceed 20'

4.3.6 Construction Requirements

4.3.6.1 Framing Requirements: All framing mem-
bers and blocking used for shear wall construction
shall be 2" nominal or greater. Where shear walls are
designed as blocked, all joints in sheathing shall occur
over and be fastened to common framing members or
common blocking. Shear wall boundary elements,
such as end posts, shall be provided to transmit the
design tension and compression forces. Shear wall
sheathing shall not be used to splice boundary ele-
ments. End posts (studs or columns) shall be framed to
provide full end bearing.

4.3.6.1.1 Tension and Compression Chords: Ten-
sion force, T, and a compression force, C, resulting
from shear wall overturning forces at each story level
shall be calculated in accordance with the following:

T=C=vh (4.3-7)
where:
C = compression force, Ibs
h = shear wall height, ft
T = tension force, Ibs

v = induced unit shear, Ibs /ft

4.3.6.1.2 Tension and Compression Chords of Per-
forated Shear Walls: Each end of each perforated shear
wall shall be designed for a tension force, T, and a
compression force, C. Each end of each perforated
shear wall segment shall be designed for a compres-
sion force, C, in each segment. For perforated shear
walls, the values for T and C resulting from shear wall
overturning at each story level shall be calculated in
accordance with the following:

Vh

C,Y.L

T-C-

(4.3-8)

where:

C, = shear capacity adjustment factor from
Table 4.3.3.5

V = induced shear force in perforated shear
wall, Ibs

2L, = sum of perforated shear wall segment
lengths, ft

4.3.6.2 Sheathing: Shear walls shall be sheathed
with approved materials attached directly to the fram-
ing members, and blocking where required, except as
permitted in 4.3.7.2. Details on sheathing types and
thicknesses for commonly used shear wall assemblies
are provided in 4.3.7 and Tables 4.3A, 4.3B, 4.3C, and
4.3D.

4.3.6.3 Fasteners: Sheathing shall be attached to
framing members using nails or other approved fas-
teners. Nails shall be driven with the head of the nail
flush with the surface of the sheathing. Other approved
fasteners shall be driven as required for proper instal-
lation of that fastener. See Appendix A for common,
box, and sinker nail dimensions.

4.3.6.3.1 Adhesives: Adhesive attachment of shear
wall sheathing shall not be used alone, or in combina-
tion with mechanical fasteners.

Exception: Approved adhesive attachment
systems shall be permitted for wind and
seismic design in Seismic Design Categories
A, B, and C where R = 1.5 and Qg = 2.5,
unless other values are approved.

4.3.6.4 Shear Wall Anchorage and Load Path De-
sign of shear wall anchorage and load path shall con-
form to the requirements of this section, or shall be
calculated using principles of mechanics.

4.3.6.4.1 Anchorage for In-plane Shear: Connec-
tions shall be provided to transfer the induced unit
shear force, v, into and out of each shear wall.

4.3.6.4.1.1 In-plane Shear Anchorage for Perfo-
rated Shear Walls: The maximum induced unit shear
force, v, transmitted into the top of a perforated
shear wall, out of the base of the perforated shear wall
at full height sheathing, and into collectors connecting
shear wall segments, shall be calculated in accordance
with the following:
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vV
Vinax = CSL (4.3-9)
4.3.6.4.2 Uplift Anchorage at Shear Wall Ends:
Where the dead load stabilizing moment is not suffi-
cient to prevent uplift due to overturning moments on
the wall (from 4.3.6.1.1 or 4.3.6.1.2), an anchoring
device shall be provided at the end of each shear wall.

4.3.6.4.2.1 Uplift Anchorage for Perforated Shear
Walls: In addition to the requirements of 4.3.6.4.2,
perforated shear wall bottom plates at full height
sheathing shall be anchored for a uniform uplift force,
t, equal to the unit shear force, Vi, determined in
4.3.6.4.1.1, or calculated by rational analysis.

4.3.6.4.3 Anchor Bolts: Foundation anchor bolts
shall have a steel plate washer under each nut not less
than 0.229"x3"x3" in size. The hole in the plate
washer shall be permitted to be diagonally slotted with
a width of up to 3/16" larger than the bolt diameter and
a slot length not to exceed 1-3/4", provided a standard
cut washer (see Appendix A) is placed between the
plate washer and the nut. The plate washer shall ex-
tend to within 1/2" of the edge of the bottom plate on
the side(s) with sheathing or other material with nomi-
nal unit shear capacity greater than 400 plf for wind or
seismic.

Exception: Standard cut washers shall be

permitted to be used where anchor bolts are

designed to resist shear only and the follow-

ing requirements are met:

a. The shear wall is designed in accordance with
provisions of 4.3.5.1 with required uplift an-
chorage at shear wall ends sized to resist over-
turning neglecting dead load stabilizing mo-
ment.

b. Shear wall aspect ratio, h:b, does not exceed
2:1.

c. The nominal unit shear capacity of the shear
wall does not exceed 980 plf for seismic or
1370 plf for wind.

4.3.6.4.4 Load Path: A load path to the foundation
shall be provided for uplift, shear, and compression
forces. Elements resisting shear wall forces contrib-
uted by multiple stories shall be designed for the sum
of forces contributed by each story.

4.3.7 Shear Wall Systems

4.3.7.1 Wood Structural Panel Shear Walls: Shear
walls sheathed with wood structural panel sheathing
shall be permitted to be used to resist seismic and wind
forces. The size and spacing of fasteners at shear wall
boundaries and panel edges shall be as provided in
Table 4.3A. The shear wall shall be constructed as fol-
lows:

1. Panels shall not be less than 4' x 8', except at
boundaries and changes in framing. All edges
of all panels shall be supported by and fas-
tened to framing members or blocking.

Exception: Horizontal blocking shall be

permitted to be omitted, provided that the

shear wall is designed in accordance with

all of the following:

a. The deflection of the unblocked wood
structural panel shear wall shall be permit-
ted to be calculated in accordance with
Section 4.3.2.2.

b. The strength of the unblocked wood struc-
tural panel shear wall is determined in ac-
cordance with Section 4.3.3.2, and

c. Specified nail spacing at supported edges
is no closer than 6" o.c.

2. Nails shall be located at least 3/8" from the
panel edges. Maximum nail spacing at panel
edges shall be 6" on center.

3. Nails along intermediate framing members
shall be the same size as nails specified for
panel edge nailing. At intermediate framing
members, the maximum nail spacing shall be
6" on center.

Exception: Where panels are thicker
than 7/16" or studs are spaced less than
24" on center, the maximum nail spacing
shall be 12" on center.

4. The width of the nailed face of framing mem-
bers and blocking shall be 2" nominal or
greater at adjoining panel edges except that a
3" nominal or greater width at adjoining panel
edges and staggered nailing at all panel edges
are required where:

a. Nail spacing of 2" on center or less at ad-
joining panel edges is specified, or
b. 10d common nails having penetration into
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framing members and blocking of more
than 1-1/2" are specified at 3" on center,
or less at adjoining panel edges, or

c. Required nominal unit shear capacity on
either side of the shear wall exceeds 700
plf in Seismic Design Category D, E, or F.

Exception: Where the width of the nailed
face of framing members is required to be 3"
nominal, two framing members that are 2" in
nominal thickness shall be permitted to be
used provided they are fastened together with
fasteners designed in accordance with the
NDS to transfer the induced shear between
members. When fasteners connecting the two
framing members are spaced less than 4" on
center, they shall be staggered.

5. Maximum stud spacing shall be 24" on center.
6. Wood structural panels shall conform to the
requirements for its type in DOC PS 1 or PS 2.

4.3.7.2 Shear Walls using Wood Structural Panels
over Gypsum Wallboard or Gypsum Sheathing Board:
Shear walls sheathed with wood structural panel
sheathing over gypsum wallboard or gypsum sheath-
ing board shall be permitted to be used to resist seis-
mic and wind forces. The size and spacing of fasteners
at shear wall boundaries and panel edges shall be as
provided in Table 4.3B. The shear wall shall be con-
structed in accordance with Section 4.3.7.1.

4.3.7.3 Particleboard Shear Walls: Shear walls
sheathed with particleboard sheathing shall be permit-
ted to be used to resist wind forces and seismic forces
in Seismic Design Categories A, B, and C. The size
and spacing of fasteners at shear wall boundaries and
panel edges shall be as provided in Table 4.3A. The
shear wall shall be constructed as follows:

1. Panels shall not be less than 4' x &', except at
boundaries and changes in framing. All edges
of all panels shall be supported by and fas-
tened to framing members or blocking.

2. Nails shall be located at least 3/8" from the
panel edges. Maximum nail spacing at panel
edges shall be 6" on center.

3. Nails along intermediate framing members
shall be the same size as nails specified for
panel edge nailing. At intermediate framing
members, the maximum nail spacing shall be
6" on center.

Exception: Where panels are thicker
than 3/8" or studs are spaced less than
24" on center, the maximum nail spacing
shall be 12" on center.

4. The width of the nailed face of framing mem-
bers and blocking shall be 2" nominal or
greater at adjoining panel edges except that a
3" nominal or greater width at adjoining panel
edges and staggered nailing at all panel edges
are required where:

a. Nail spacing of 2" on center or less at ad-
joining panel edges is specified, or

b. 10d common nails having penetration into
framing members and blocking of more
than 1-1/2" are specified at 3" on center,
or less at adjoining panel edges.

5. Maximum stud spacing shall be 24" on center.

6. Particleboard shall conform to ANSI A208.1.

4.3.7.4 Structural Fiberboard Shear Walls: Shear
walls sheathed with fiberboard sheathing shall be per-
mitted to be used to resist wind forces and seismic
forces in Seismic Design Categories A, B, and C. The
size and spacing of fasteners at shear wall boundaries
and panel edges shall be as provided in Table 4.3A.
The shear wall shall be constructed as follows:

1. Panels shall not be less than 4' x 8', except at
boundaries and changes in framing. All edges
of all panels shall be supported by and fas-
tened to framing members or blocking.

2. Nails shall be located at least 3/4" from edges
of panels at top and bottom plates and at least
3/8" from all other edges of panels. Maximum
nail spacing at panel edges shall be 4" on cen-
ter.

3. Nails along intermediate framing members
and blocking shall be the same size as in-
stalled at the panel edges. Maximum nail spac-
ing shall be 6" on center.

4. The width of the nailed face of framing mem-
bers and blocking shall be 2" nominal or
greater at adjoining panel edges.

5. Maximum stud spacing shall be 16" on center.

6. Fiberboard sheathing shall conform to ASTM
C 208.

4.3.7.5 Gypsum Wallboard, Gypsum Base for Ve-
neer Plaster, Water-Resistant Gypsum Backing Board,
Gypsum Sheathing Board, Gypsum Lath and Plaster,
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or Portland Cement Plaster Shear Walls: Shear walls
sheathed with gypsum wallboard, gypsum base for
veneer plaster, water-resistant gypsum backing board,
gypsum sheathing board, gypsum lath and plaster, or
portland cement plaster shall be permitted to be used
to resist wind forces and seismic forces in Seismic De-
sign Categories A, B, C, and D. End joints of adjacent
courses of gypsum wallboard or sheathing shall not
occur over the same stud. The size and spacing of fas-
teners at shear wall boundaries, panel edges, and in-
termediate supports shall be as provided in Table 4.3C.
Nails shall be located at least 3/8" from the edges and
ends of panels. The width of the nailed face of fram-
ing members and blocking shall be 2" nominal or
greater.

4.3.7.5.1 Gypsum Wallboard, Gypsum Base for
Veneer Plaster, Water-Resistant Gypsum Backing
Board: Gypsum wallboard, gypsum base for veneer
plaster, or water resistant gypsum backing board shall
be applied parallel or perpendicular to studs. Gypsum
wallboard shall conform to ASTM C 1396 and shall be
installed in accordance with ASTM C 840. Gypsum
base for veneer plaster shall conform to ASTM C 1396
and shall be installed in accordance with ASTM C
844. Water-resistant gypsum backing board shall con-
form to ASTM C 1396 and shall be installed in accor-
dance with ASTM C 840.

4.3.7.5.2 Gypsum Sheathing Board: Four-foot-
wide pieces of gypsum sheathing board shall be ap-
plied parallel or perpendicular to studs. Two-foot-wide
pieces of gypsum sheathing board shall be applied
perpendicular to the studs. Gypsum sheathing board
shall conform to ASTM C 1396 and shall be installed
in accordance with ASTM C 1280.

4.3.7.5.3 Gypsum Lath and Plaster: Gypsum lath
shall be applied perpendicular to the studs. Gypsum
lath shall conform to ASTM C 1396 and shall be in-
stalled in accordance with ASTM C 841. Gypsum
plaster shall conform to the requirements of ASTM C
28.

4.3.7.5.4 Expanded Metal or Woven Wire Lath
and Portland Cement: Expanded metal or woven wire
lath and portland cement shall conform to ASTM C
847, ASTM C 1032, and ASTM C 150 and shall be
installed in accordance with ASTM C 926 and ASTM

C 1063. Metal lath and lath attachments shall be of
corrosion-resistant material.

4.3.7.6 Shear Walls Diagonally Sheathed with
Single-Layer of Lumber: Single diagonally sheathed
lumber shear walls shall be permitted to be used to
resist wind forces and seismic forces in Seismic De-
sign Categories A, B, C, and D. Single diagonally
sheathed lumber shear walls shall be constructed of
minimum 1" thick nominal sheathing boards laid at an
angle of approximately 45° to the supports. End joints
in adjacent boards shall be separated by at least one
stud space and there shall be at least two boards be-
tween joints on the same support. Nailing of diago-
nally sheathed lumber shear walls shall be in accor-
dance with Table 4.3D.

4.3.7.77 Shear Walls Diagonally Sheathed with
Double-Layer of Lumber: Double diagonally sheathed
lumber shear walls shall be permitted to be used to
resist wind forces and seismic forces in Seismic De-
sign Categories A, B, C, and D. Double diagonally
sheathed lumber shear walls shall be constructed of
two layers of 1" thick nominal diagonal sheathing
boards laid perpendicular to each other on the same
face of the supporting members. Nailing of diagonally
sheathed lumber shear walls shall be in accordance
with Table 4.3D.

4.3.7.8 Shear Walls Horizontally Sheathed with
Single-Layer of Lumber: Horizontally sheathed lum-
ber shear walls shall be permitted to be used to resist
wind forces and seismic forces in Seismic Design
Categories A, B, and C. Horizontally sheathed lumber
shear walls shall be constructed of minimum 1" thick
nominal sheathing boards applied perpendicular to the
supports. End joints in adjacent boards shall be sepa-
rated by at least one stud space and there shall be at
least two boards between joints on the same support.
Nailing of horizontally sheathed lumber shear walls
shall be in accordance with Table 4.3D.

4.3.7.9 Shear Walls Sheathed with Vertical Board
Siding: Vertical board siding shear walls shall be per-
mitted to be used to resist wind forces and seismic
forces in Seismic Design Categories A, B, and C. Ver-
tical board siding shear walls shall be constructed of
minimum 1" thick nominal sheathing boards applied
directly to studs and blocking. Nailing of vertical
board siding shear walls shall be in accordance with
Table 4.3D.
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SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC

4.4 Wood Structural Panels Designed to Resist
Combined Shear and Uplift from Wind

4.4.1 Application

Wood structural panel sheathing or siding shall be
permitted to be used for simultaneously resisting shear
and uplift from wind forces. The ASD allowable unit
uplift capacity shall be determined by dividing the
tabulated nominal uplift capacity in Table 4.4.1, modi-
fied by applicable footnotes, by the ASD reduction
factor of 2.0. The LRFD factored unit uplift resistance
shall be determined by multiplying the tabulated
nominal uplift capacity in Table 4.4.1 modified by
applicable footnotes, by a resistance factor, ¢,, of 0.65.

4.4.1.1 Nails: Nails in any single row shall not be
spaced closer than 3" on center.

4.4.1.2 Panels: Panels shall have a minimum
thickness of 7/16" and shall be installed with the
strength axis parallel to the studs.

4.4.1.3 Horizontal Joints: All horizontal joints
shall occur over common framing members or com-
mon blocking and shall meet all other requirements of
Section 4.3.

4.4.1.4 Openings: Where windows and doors in-
terrupt wood structural panel sheathing or siding,
framing anchors or connectors shall be provided to
resist and transfer the appropriate uplift loads around
the opening and into the foundation.

4.4.1.5 Sheathing Extending to Top Plate: The

following requirements shall apply:

1. The top edge of the wood structural panel
shall be attached to the upper top plate. Nail
row, end spacing, and edge spacing shall be as
shown in Figure 4G.

2. Roof or upper level uplift connectors shall be
on the same side of the wall as the sheathing
unless other methods are used to prevent
twisting of the top plate due to eccentric load-
ing.

4.4.1.6 Sheathing Extending to Bottom Plate or
Sill Plate: The following requirements shall apply:

1. The bottom edge of the wood structural panel
shall extend to and be attached to the bottom
plate or sill plate as shown in Figure 4G.

2. Anchorage of bottom plates or sill plates to the

foundation shall be designed to resist the com-

bined uplift and shear forces developed in the

wall. Anchors shall be spaced at 16" on center
or less.

a. Where anchor bolts are used, a minimum
0.229" x 3" x 3" steel plate washer shall
be used at each anchor bolt location. The
edge of the plate washer shall extend to
within 1/2" of the edge of the bottom plate
on the sheathed side.

b. Where other anchoring devices are used to
anchor the wall to the foundation, they
shall be installed on the same side of the
wall as the sheathing unless other ap-
proved methods are used.

4.4.1.7 Sheathing Splices:

1.

In multi-story applications where the upper
story and lower story sheathing adjoin over a
common horizontal framing member, the nail
spacing shall not be less than 3" o.c. for a sin-
gle row nor 6" o.c. for a double row in Table
4.4.1 (see Figure 4H).

In single or multi-story applications where
horizontal joints in the sheathing occur over
blocking between studs, nailing of the sheath-
ing to the studs above and below the joint
shall be designed to transfer the uplift across
the joint (see Figure 4I). The uplift capacity
shall not exceed the capacity in Table 4.4.1.
Blocking shall be designed in accordance with
Section 4.4.1.3 for shear transfer.

Exception: Horizontal blocking and sheath-
ing tension splices placed between studs and
backing the horizontal joint shall be permit-
ted to be used to resist both uplift and shear at
sheathing splices over studs provided the fol-
lowing conditions are met (see Figure 4J):

a. Sheathing tension splices shall be made
from the same thickness and grade as the
shear wall sheathing.

b. Edges of sheathing shall be nailed to
sheathing tension splices using the same
nail size and spacing as the sheathing or

siding nails at the bottom plate.
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LATERAL FORCE-RESISTING SYSTEMS

4.4.2 Wood Structural Panels
Designed to Resist Only Uplift
from Wind

Where wood structural panel sheathing or siding is
designed to resist only uplift from wind forces, it shall
be installed in accordance with Section 4.4.1, except
that panels with a minimum thickness of 3/8" shall be
permitted when installed with the strength axis parallel

to the studs. The ASD allowable unit uplift shall be
determined by dividing the tabulated nominal uplift
capacity in Table 4.4.2, modified by applicable foot-
notes, by the ASD reduction factor of 2.0. The LRFD
factored uplift resistance shall be determined by mul-
tiplying the tabulated nominal unit uplift capacity in
Table 4.4.2, modified by applicable footnotes, by a
resistance factor, ¢,, of 0.65.

Figure 4G Panel Attachment

Nail spacing at intermediate
framing, 12" o.c.

Sheathing edge at bottom plate
(single row and double row of fasteners)

Sheathing edge at top plate
(single row and double row of fasteners)

Panel edge

e |

Panel edge
Single row of fasteners

Single row of fasteners

Spacing

I’—‘I pa Panel edge

— 5 / s
4 o o o
4 o
4 ° o o
[
£ 3 9
5]
©
> b e e d
=
= b o
C
2
2 b e e d
©
% b q
S
o]
© 4 o L] o
= 1
%) 1
o d 1
1
1
b ° © C 1
1
1
b d 1
1
1
3 ° ° q " :
1
L o -4
R e o o e o o e
v L L Panel edge
a

Alternate nail spacing
per Table 4.4.1 or4.4.2

Double row of fasteners

Spacing

Double row of fasteners
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Figure 4H Panel Splice Occurring over Horizontal Framing Member
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Figure 41 Panel Splice Occurring across Studs
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Figure 4) Sheathing Splice Plate (Alternate Detail)
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(single row
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Section A-A
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SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC

Table 4.4.1 Nominal Uplift Capacity of 7/16" Minimum Wood Structural Panel

Sheathing or Siding When Used for Both Shear Walls and Wind Uplift
Simultaneously over Framing with a Specific Gravity of 0.42 or
Greater®

Nail Spacing Required for Shearwall Design

6d Common Nail
6" panel edge spacing
12" field spacing

8d Common Nail
6" panel edge spacing
12" field spacing

8d Common Nail
4" panel edge spacing
12" field spacing

10d Common Nail
6" panel edge spacing
12" field spacing

Alternate Nail Spacing at Top and Bottom Plate Edges

6" [ 4" | 3" ] 6" [ 4 ] 3 [ 6 [ 4 3] 6 | a4 [ 3"
Uplift Capacity (plf) of Wood Structural Panel Sheathing or Siding 23

Nails-
Single 0 168 336 0 216 432 NA 0 216 0 262 524
Row *
Nails-
Doublse 336 672 1008 432 864 1296 216 648 1080 524 1048 | 1572
Row

. Nominal unit uplift capacities shall be adjusted in accordance with 4.4.1 to determine ASD allowable unit uplift capacity and LRFD factored unit resistance.

Anchors shall be installed in accordance with this section. See Appendix A for common nail dimensions.

. Where framing has a specific gravity of 0.49 or greater, uplift values in table 4.4.1 shall be permitted to be multiplied by 1.08.
. Where nail size is 6d common or 8d common, the tabulated uplift values are applicable to 7/16" minimum OSB panels or 15/32" minimum plywood with spe-

cies of plies having a specific gravity of 0.49 or greater. Where nail size is 10d common, the tabulated uplift values are applicable to 15/32" minimum OSB or
plywood with a species of plies having a specific gravity of 0.49 or greater. For plywood with other species, multiply the tabulated uplift values by 0.90.

. Wood structural panels shall overlap the top member of the double top plate and bottom plate by 1-1/2" and a single row of fasteners shall be placed %" from

the panel edge.

. Wood structural panels shall overlap the top member of the double top plate and bottom plate by 1-1/2". Rows of fasteners shall be /2" apart with a minimum

edge distance of /2". Each row shall have nails at the specified spacing.

Table 4.4.2 Nominal Uplift Capacity of 3/8" Minimum Wood Structural Panel

Sheathing or Siding When Used for Wind Uplift Only over Framing
with a Specific Gravity of 0.42 or Greater*

—_

6d Common Nail
6" panel edge spacing
12" field spacing

8d Common Nail
6" panel edge spacing
12" field spacing

10d Common Nail
6" panel edge spacing
12" field spacing

Alternate Nail Spacing at Top and Bottom Panel Edges
6" | 4" | 3" | 6" | 4" | 3" | 6" | 4" | 3"
Uplift Capacity (plf) of Wood Structural Panel Sheathing or Siding 23

Nails-
Single
Row *

320 480 640 416 624 832 500 750 1000

Nails-
Double
Row °

640 960 1280 832 1248 1664 1000 1500 2000

. Nominal unit uplift capacities shall be adjusted in accordance with 4.4.2 to determine ASD allowable unit uplift capacity and LRFD factored unit resistance.

Anchors shall be installed in accordance with this section. See Appendix A for common nail dimensions.

. Where framing has a specific gravity of 0.49 or greater, uplift values in table 4.4.2 shall be permitted to be multiplied by 1.08.
. The tabulated uplift values are applicable to 3/8" minimum OSB panels or plywood with species of plies having a specific gravity of 0.49 or greater. For ply-

wood with other species, multiply the tabulated uplift values by 0.90.

. Wood structural panels shall overlap the top member of the double top plate and bottom plate by 1-1/2" and a single row of fasteners shall be placed %" from

the panel edge.

. Wood structural panels shall overlap the top member of the double top plate and bottom plate by 1-1/2". Rows of fasteners shall be 4" apart with a minimum

edge distance of %4". Each row shall have nails at the specified spacing.
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APPENDIX A

Table A1 Standard Common, Box, and Sinker Nails?

L | ‘ - .
}—}T\HH }g % + B E:Idlantl}fter
= leng
I LD F DJ H = head diameter
Common or Box Sinker
Pennyweight
Type 6d 7d 8d 10d 12d 16d 20d 30d 40d 50d 60d
L 2" 2-1/4" | 2-1/2" 3" 3-1/4" | 3-12" 4" 4-1/2" 5" 5-1/2" 6"
Common D 0.113" | 0.113" | 0.131" [ 0.148" | 0.148" | 0.162" | 0.192" [ 0.207" | 0.225" | 0.244" | 0.263"
H 0.266" | 0.266" | 0.281" [ 0.312" | 0.312" | 0.344" | 0.406" | 0.438" | 0.469" | 0.5" | 0.531"
L 2" 2-1/4" | 2-1/2" 3" 3-1/4" | 3-172" 4" 4-1/2" 5"
Box D 0.099" | 0.099" | 0.113" | 0.128" | 0.128" | 0.135" | 0.148" | 0.148" | 0.162"
H 0.266" | 0.266" | 0.297" | 0.312" | 0.312" | 0.344" | 0.375" | 0.375" | 0.406"
L 1-7/8" | 2-1/8" | 2-3/8" | 2-7/8" | 3-1/8" | 3-1/4" | 3-3/4" | 4-1/4" | 4-3/4" 5-3/4"
Sinker D 0.092" | 0.099" | 0.113" [ 0.12" | 0.135" | 0.148" | 0.177" | 0.192" | 0.207" 0.244"
H 0.234" | 0.250" | 0.266" | 0.281" | 0.312" | 0.344" | 0.375" | 0.406" | 0.438" 0.5"

1. Tolerances specified in ASTM F 1667. Typical shape of common, box, and sinker nails shown. See ASTM F1667 for other nail types.

Table A2 Standard Cut Washers

Dimensions of Standard Cut Washers'

Nominal A B c
Washer Size Inside Diameter (in.) Outside Diameter (in.) Thickness (in.)
(in.) Basic Basic Basic
3/8 0.438 1.000 0.083
12 0.562 1.375 0.109
5/8 0.688 1.750 0.134
3/4 0.812 2.000 0.148
7/8 0.938 2.250 0.165
1 1.062 2.500 0.165
1. For other standard cut washers, see ANSI/ASME B18.22.1. Tolerances are provided in ANSI/ASME

B18.22.1.
~— B ——
— A =
C
; . ——
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SDPWS COMMENTARY

FOREWORD

The Special Design Provisions for Wind and Seismic
(SDPWS) document was first issued in 2002. It contains
provisions for materials, design, and construction of wood
members, fasteners, and assemblies to resist wind and
seismic forces. The 2008 edition is the third edition of
this publication.

The Commentary to the SDPWS is provided herein and
includes background information for most sections as well
as sample calculations for each of the design value tables.

The Commentary follows the same subject matter
organization as the SDPWS. Discussion of a particular
provision in the SDPWS is identified in the Commentary
by the same section or subsection. When available, refer-
ences to more detailed information on specific subjects
are included.

In developing the provisions of the SDPWS, data and
experience with structures in-service has been carefully
evaluated by the AF&PA Wood Design Standards Commit-
tee for the purpose of providing a standard of practice. It
is intended that this document be used in conjunction with
competent engineering design, accurate fabrication, and
adequate supervision of construction. Therefore AF&PA
does not assume any responsibility for errors or omissions
inthe SDPWS and SDPWS Commentary, nor for engineer-
ing designs and plans prepared from it.

Inquiries, comments and suggestions from the readers
of this document are invited.

American Forest & Paper Association
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SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC

C2 GENERAL DESIGN
REQUIREMENTS

C2.1 General

C2.1.1 Scope

Allowable stress design (ASD) and load and resistance
factor design (LRFD) provisions are applicable for the
design of wood members and systems to resist wind and
seismic loads. For other than short-term wind and seismic
loads (10-minute basis), adjustment of design capacities
for load duration or time effect shall be in accordance
with the National Design Specification® (NDS®) for Wood
Construction (6).

C2.1.2 Design Methods

Both ASD and LRFD (also referred to as strength
design) formats are addressed by reference to the National
Design Specification (NDS) for Wood Construction (6) for

C2.2 Terminology

design of wood members and connections. The design of
elements throughout a structure will generally utilize either
the ASD or LRFD format; however, specific requirements
to use a single design format for all elements within a struc-
ture are not included. The suitability of mixing formats
within a structure is the responsibility of the designer in
compliance with requirements of the authority having ju-
risdiction. ASCE 7 — Minimum Design Loads for Buildings
and Other Structures (5) limits mixing of design formats
to cases where there are changes in materials.

ASD Reduction Factor: This term denotes the spe-
cific adjustment factor used to convert nominal design
values to ASD reference design values.

Nominal Strength: Nominal strength (or nominal
capacity) is used to provide a common reference point from
which to derive ASD or LRFD reference design values.
For wood structural panels, tabulated nominal unit shear
capacities for wind, v,, (nominal strength) were derived
using ASD tabulated values from industry design docu-
ments and model building codes (2, 18, 19, and 20) times
a factor of 2.8. The factor of 2.8, based on minimum per-
formance requirements (8), has commonly been considered
the target minimum safety factor associated with ASD unit
shear capacity for wood structural panel shear walls and
diaphragms. To be consistent with the ratio of wind and
seismic design capacities for wood structural panel shear
walls and diaphragms in model building codes (2), the
nominal unit shear capacity for seismic, v,, was derived
by dividing the nominal unit shear capacity for wind by
1.4. For fiberboard and lumber shear walls and lumber
diaphragms, similar assumptions were used.

For shear walls utilizing other materials, ASD unit
shear capacity values from model building codes (2) and

industry design documents (20) were multiplied by 2.0 to
develop nominal unit shear capacity values for both wind
and seismic.

Resistance Factor: For LRFD, resistance factors are
assigned to various wood properties with only one factor
for each stress mode (i.e. bending, shear, compression,
tension, and stability). Theoretically, the magnitude of a
resistance factor is considered to, in part, reflect relative
variability of wood product properties. However, for wood
design provisions, actual differences in product variability
are already embedded in the reference design values. This
is due to the fact that typical reference design values are
based on a statistical estimate of a near-minimum value
(5™ percentile).

The following resistance factors are used in the
SDPWS: a) sheathing in-plane shear, ¢, = 0.80, b) sheath-
ing out-of-plane bending ¢, = 0.85, and c) connections, ¢,
=0.65. LRFD resistance factors have been determined by
an ASTM consensus standard committee (16). The factors
were derived to achieve a target reliability index, 3, of 2.4
for a reference design condition. Examination of other
design conditions verified a reasonable range of reliability
indices would be achieved by application of ASTM D 5457
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SDPWS COMMENTARY: GENERAL DESIGN REQUIREMENTS

(16) resistance factors. Because the target reliability index
was selected based on historically acceptable design prac-
tice, there is virtually no difference between designs using
either ASD or LRFD at the reference design condition (16).
However, differences will occur due to varying ASD and
LRFD load factors and under certain load combinations.
It should be noted that this practice (of calibrating LRFD
to historically acceptable design) was also used by other
major building material groups. The calibration calculation
between ASD and LRFD for in-plane shear considered
the following:

Wind Design

R .
ASD: 4 > 1.0W (C2.2-1)
2.0
LRFD: §,R, ., 21.6W (C2.2-2)
Seismic Design
R
ASD:—4mie > () 7E (C2.2-3)
2.0
LRFD: ¢DRseixmic >21.0E (C22-4)

Rwina = NOMinal capacity for wind
Rseismic = Nominal capacity for seismic
2.0 = ASD Reduction Factor

op = resistance factor for in-plane shear of shear
walls and diaphragms

W = wind load effect

E = earthquake load effect

From Equation C2.2-1 and Equation C2.2-2, the value
of ¢p that produces exact calibration between ASD and
LRFD design for wind is:
_Lew  l1ew

R 1.0 (2.0)

4, 0.80 (C2.2-5)

wind

From Equation C2.2-3 and Equation C2.2-4, the value
of ¢ that produces exact calibration between ASD and
LRFD design for seismic is:

1.0E 1.0E
op = R =

_ —0.70 (C2.2-6)
0.7E(2.0)

seismic

A single resistance factor, ¢p, of 0.80 for wind
and seismic design was chosen by both the ASTM and
the SDPWS consensus committees because the added
complexity of utilizing two separate factors was not war-
ranted given the small relative difference in calibrations.
The same approach was used for earlier calibrations and
resulted in ¢p = 0.65 as shown in ASCE 16-95 and the
2001 SDPWS; however, the calibration was tied to load
combinations given in ASCE 7-88 resulting in a value of
dp = 0.65.

Recalling that nominal unit shear capacities for seismic
were derived by dividing the nominal unit shear capacity
for wind by 1.4 (see C2.2 Nominal Strength), the “Effec-
tive ¢p” for seismic shear resistance is approximately 0.57:

0.80

“Effective 05" = "= =(.57 (C2.2-7)
1.4

where:
0.80 = ¢p from Equation C2.2-5 calibration for wind

14 = ratio Of Rwind to Rseismic (Rwind/Rseismic)

From Equation C.2.2-7, LRFD factored unit shear
resistance for seismic is approximately 0.57 times the
minimum target strength (e.g. R,;.q) set by underlying
product standards.
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SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC

C3 MEMBERS AND
CONNECTIONS

C3.1 Framing

C3.1.1 Wall Framing

Wall studs sheathed on both sides are stronger and
stiffer in flexure (i.e., wind loads applied perpendicular
to the wall plane) than those in similar, unsheathed wall
assemblies. The enhanced performance or “system effect”
is recognized in wood design with the repetitive member
factor, C,, which accounts for effects of partial compos-
ite action and load-sharing (1). Wall stud bending stress
increase factors in SDPWS Table 3.1.1.1 are applicable
for out-of-plane wind loads and were derived based on
wall tests (9). A factor of 1.56 was determined for a wall
configured as follows:

2x4 Stud grade Douglas fir studs

Framing at 16” o.c.

1/2" gypsum wallboard attached
with 4d cooler nails at 7" o.c.
edge and 10" o.c. field (applied
vertically).

3/8" rough sanded 303 siding
attached with 6d box nails at 6"
o.c. edge and 12" o.c. field (ap-
plied vertically).

Interior Sheathing

Exterior Sheathing

For design purposes, a slightly more conservative
value of 1.5 was chosen to represent a modified 2x4 stud
wall system as follows:

C3.2 Sheathing

2x4 Stud grade Douglas fir studs

Framing at 24" o.c.

1/2" gypsum wallboard attached
with 5d cooler nails at 7" o.c.
edge and 10" o.c. field (applied
vertically).

Interior Sheathing

3/8" wood structural panels at-
tached with 8d common nails at
6" o.c. edge and 12" o.c. field
(blocked).

Exterior Sheathing

For other stud depths, the wall stud bending stress
increase factor was assumed to be proportional to the rela-
tive stiffness (EI) of the stud material. A repetitive member
factor of 1.15 (6) was assumed for a 2x12 stud in a wall
system and Equation C3.1.1-1 was used to interpolate
repetitive member factors for 2x6, 2x8, and 2x10 studs:

178”14 }0076

stud

Cr:1.15[ (C3.1.1-1)

Slight differences between calculated C, values and
those appearing in SDPWS Table 3.1.1.1 are due to round-

ing.

Nominal uniform load capacities in SDPWS Tables
3.2.1 and 3.2.2 assume a two-span continuous condition.
Out-of-plane sheathing capacities are often tabulated in
other documents on the basis of a three-span continuous
condition. Although the three-span continuous condition
results in higher capacity, the more conservative two-span
continuous condition was selected because this condition
frequently exists at building end zones where the largest
wind forces occur.

Examples C3.2.1-1 and C3.2.1-2 illustrate how values
in SDPWS Table 3.2.1 were generated using wood struc-
tural panel out-of-plane bending and shear values given in
Tables C3.2A and C3.2B. Although the following two ex-
amples are for SDPWS Table 3.2.1, the same procedure can
be used to generate values shown in SDPWS Table 3.2.2.
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SDPWS COMMENTARY: MEMBERS AND CONNECTIONS

Table C3.2C provides out-of-plane bending strength T
able C3.2C
capacities for cellulosic fiberboard sheathing based on
minimum modulus of rupture criteria in ASTM C 208.
Nominal uniform load capacities for cellulosic fiberboard

sheathing in SDPWS Table 3.2.1 can be derived using the
same procedure as described in Example C3.2.1-1.

Cellulosic Fiberboard
Sheathing Design
Bending Strength
Capacities

Bending Strength, F,, S
(Ib-in./ft width)

Strength Axis Either Parallel
or Perpendicular to Supports

55
80
97

Span Rating:
Sheathing
Table C3.2A Wood Structural Panel
Dry Design Bending
Strength Capacities Regular 1/2"
Span Bending Strength, F, S Structural 1/2"
Rating: (Ib-in./ft width) Structural 25/32"
Sheathing Strength Axis Strength Axis
Perpendicular to Parallel to
Supports Supports
24/0 250 54
24/16 320 64
32/16 370 92
40/20 625 150
48/24 845 225
Table C3.2B Wood Structural Panel
Dry Shear Capacities
in the Plane
Span Rating: Shear in the Plane, Fy
Sheathing [Ib/Q] (Ib/ft width)
Strength Axis Either Perpendicu-
lar or Parallel to Supports
24/0 130
24/16 150
32/16 165
40/20 205
48/24 250

AMERICAN WOOD COUNCIL



SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC

EXAMPLE C3.2.1-1 Determine the Nominal Uniform Load Capacity in SDPWS

Table 3.2.1

Determine the nominal uniform load capacity in
SDPWS Table 3.2.1 Nominal Uniform Load Capacities
(pst) for Wall Sheathing Resisting Out-of-Plane Wind
Loads for the following conditions:

Sheathing type = wood structural panels
Span rating or grade = 24/0

Min. thickness =3/8 in.

Strength axis = perpendicular to supports
Actual stud spacing =12 in.

ASD (normal load duration, i.e., 10-yr) bending capacity:
F, S =250 Ib-in./ft width from Table C3.2A

ASD (normal load duration, i.e., 10-yr) shear capacity:
F, I b/Q = 130 Ib/ft width from Table C3.2B

Maximum uniform load based on bending strength for a
two-span condition:

96,8 96%250
M E T T T

=167 psf

Maximum uniform load based on shear strength for a
two-span condition:

L, _192FIb/Q _192x130 _,
o (12-1.5)

clearspan

38 psf

Maximum uniform load based on bending governs.
Converting to the nominal capacity basis of SDPWS
Table 3.2.1:

Wnominal = [ﬁ] X ASDlO—yr
¢

b

= &x167 =424 psf
0.85

SDPWS Table 3.2.1

=425 psf

where:

2.16/0.85 = conversion from a normal load du-
ration (i.e., 10-yr ASD basis) to the short-term
(10-min) nominal capacity basis of SDPWS
Table 3.2.1.
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SDPWS COMMENTARY: MEMBERS AND CONNECTIONS

EXAMPLE C3.2.1-2 Determine the Nominal Uniform Load Capacity in SDPWS

Table 3.2.1

Determine the nominal uniform load capacity in
SDPWS Table 3.2.1 Nominal Uniform Load Capacities
(psf) for Wall Sheathing Resisting Out-of-Plane Wind
Loads for the following conditions:

Sheathing type = wood structural panels
Span rating or grade = 40/20

Min. thickness =19/32 in.

Strength axis = perpendicular to supports
Actual stud spacing =12 in.

ASD (normal load duration, i.e., 10-yr) bending capacity:
F, S = 625 1b-in./ft width from Table C3.2A

ASD (normal load duration, i.e., 10-yr) shear capacity:
F, I b/Q = 205 1b/ft width from Table C3.2B

Maximum uniform load based on bending strength for a
two-span condition:

96F,S 96x625
WETRE T

=417 psf

Maximum uniform load based on shear strength for a
two-span condition:
= 192F 1b/Q _ 19.2x205 ~1375
[ (12-1.5)

clearspan

psf

Maximum uniform load based on shear governs. Con-
verting to the nominal capacity basis of SDPWS Table
3.2.1:

2.16
Wnominal =l — X ASDIO—yr
¢ SDPWS Table 3.2.1

b
= &x 375 =953 psf
0.85

=955 psf

where:

2.16/0.85 = conversion from a normal load du-
ration (i.e., 10-yr ASD basis) to the short-term
(10-min) nominal capacity basis of SDPWS
Table 3.2.1.

C3.3 Connections

Section 3.3 refers the user to the NDS (6) when design-
ing connections to resist wind or seismic forces. In many
cases, resistance to out-of-plane forces due to wind may
be limited by connection capacity (withdrawal capacity of
the connection) rather than out-of-plane bending or shear
capacity of the panel.
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SPECIAL DESIGN PROVISIONS FOR WIND AND SEISMIC

C4 LATERAL FORCE-
RESISTING SYSTEMS

C4.1 General

C4.1.1 Design Requirements

General design requirements for lateral force-resisting
systems are described in this section and are applicable to
engineered structures.

C4.1.2 Shear Capacity

Nominal unit shear capacities (see C2.2) for wind and
seismic require adjustment in accordance with SDPWS
4.2.3 for diaphragms and SDPWS 4.3.3 for shear walls to
derive an appropriate design value.

C4.1.3 Deformation Requirements

Consideration of deformations (such as deformation of
the overall structure, elements, connections, and systems
within the structure) that can occur is necessary to maintain
load path and ensure proper detailing. Special requirements
are provided for wood members resisting forces from
concrete and masonry (see C4.1.5) due to potentially large
differences in stiftness and deflection limits for wood and
concrete systems. Special requirements are also provided
for open front buildings (see C4.2.5.1.1) where forces are
distributed by diaphragm rotation.

C4.1.4 Boundary Elements

Boundary elements must be sized to transfer design
tension and compression forces. Good construction
practice and efficient design and detailing for boundary
elements utilize framing members in the plane or tangent
to the plane of the diaphragm or shear wall.

C4.1.5 Wood Members and
Systems Resisting Seismic Forces
Contributed by Masonry and
Concrete Walls

The use of wood diaphragms with masonry or con-
crete walls is common practice. Story height and other
limitations for wood members and wood systems resisting
seismic forces from concrete or masonry walls are given to
address deformation compatibility and are largely based on

field observations following major seismic events. Wood
diaphragms and horizontal trusses are specifically permit-
ted to resist horizontal seismic forces from masonry or
concrete walls provided that the design of the diaphragm
does not rely on torsional force distribution through the
diaphragm. Primary considerations for this limitation are
the flexibility of the wood diaphragm relative to masonry
or concrete walls and the limited ability of masonry or
concrete walls to tolerate out-of-plane wall displacements
without failure.

The term “horizontal trusses” refers to trusses that are
oriented such that their top and bottom chords and web
members are in a horizontal or near horizontal plane. A
horizontal truss transmits lateral loads to shear walls in
a manner similar to a floor or roof diaphragm. In this
context, a horizontal truss is a bracing system capable of
resisting horizontal seismic forces contributed by masonry
or concrete walls.

Where wood structural panel shear walls are used to
provide resistance to seismic forces contributed by ma-
sonry and concrete walls, deflections are limited to 0.7%
of the story height in accordance with deflection limits
(5) for masonry and concrete construction. Strength level
forces and appropriate deflection amplification factors, C,,
in accordance with ASCE 7 should be used when calcu-
lating design story drift, A. The intent of the design story
drift limit is to limit failure of the masonry or concrete
portions of the structure due to excessive deflection. For
example, inadequate diaphragm stiffness may lead to ex-
cessive out-of-plane deformation of the attached masonry
or concrete wall.

C4.1.6 Wood Members and
Systems Resisting Seismic Forces
from Other Concrete or Masonry
Construction

Seismic forces from other concrete or masonry con-
struction (i.e. other than walls) are permitted and should
be accounted for in design. SDPWS 4.1.6 is not intended to
restrict the use of concrete floors — including wood floors
with concrete toppings as well as reinforced concrete
slabs — or similar such elements in floor construction. It
is intended to clarify that, where such elements are pres-
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SDPWS COMMENTARY: LATERAL FORCE-RESISTING SYSTEMS

ent in combination with a wood system, the wood system
shall be designed to account for seismic forces generated
by the additional mass of such elements.

Design of wood members to support the additional
mass of concrete and masonry elements shall be in ac-
cordance with the NDS and required deflection limits as
specified in concrete or masonry standards or model build-
ing codes (2). Masonry is defined as a built-up construction
or combination of building units or materials of clay, shale,
concrete, glass, gypsum, stone, or other approved units
bonded together with or without mortar or grout or other
accepted methods of joining.

C4.2 Wood Diaphragms

C4.1.7 Toe-Nailed Connections

Limits on use of toe-nailed connections in seismic
design categories D, E, and F for transfer of seismic forces
is consistent with building code requirements (2). Test
data (12) suggests that the toe-nailed connection limit on
a bandjoist to wall plate connection may be too restrictive;
however, an appropriate alternative limit requires further
study. Where blocking is used to transfer high seismic
forces, toe-nailed connections can sometimes split the
block or provide a weakened plane for splitting.

C4.2.1 Application Requirements

General requirements for wood diaphragms include
consideration of diaphragm strength and deflection.

C4.2.2 Deflection

The total mid-span deflection of a blocked, uniformly
nailed wood structural panel diaphragm can be calculated
by summing the effects of four sources of deflection: fram-
ing bending deflection, panel shear deflection, deflection
from nail slip, and deflection due to chord splice slip:

(bending, chord  (shear, panel  (shear, panel  (bending, chord

deformation deformation)  nail slip) splice slip)
excluding slip)

. A ]
s L +0.188Le”+2(x ) (C422-1)
SEAW 4Gt W

where:

v = induced unit shear, plf

L = diaphragm dimension perpendicular to the
direction of the applied force, ft

E = modulus of elasticity of diaphragm chords,
psi

A = area of chord cross-section, in.2

W = width of diaphragm in direction of applied
force, ft

G,t, = shear stiffness, Ib/in. of panel depth. See
Table C4.2.2A or C4.2.2B.

x = distance from chord splice to nearest
support, ft. For example, a shear wall aligned
parallel to the loaded direction of the
diaphragm would typically be considered a
support.

A, = diaphragm chord splice slip at the induced
unit shear, in.

e, = nail slip, in. See Table C4.2.2D.

Note: the 5/8 constant incorporates background
derivations that cancel out the units of feet in the
first term of the equation.

SDPWS Equation 4.2-1 is a simplification of Equation
(C4.2.2-1, using only three terms for calculation of the total
mid-span diaphragm deflection:

(bending, chord  (shear, panel  (bending, chord
deformation shear and splice slip)
excluding slip) nail slip)
SvC | 0.25vL XA,
= + + 2. () (C4.2.2-2)
8EAW 1000G, 2w

where:
v = induced unit shear, pIf

L = diaphragm dimension perpendicular to the
direction of the applied force, ft

E = modulus of elasticity of diaphragm chords,
psi

A = area of chord cross-section, in.2

W = width of diaphragm in direction of applied
force, ft

G, = apparent diaphragm shear stiffness, kips/
in.

x = distance from chord splice to nearest
support, ft

A, = diaphragm chord splice slip at the induced
unit shear, in.
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Distribution of shear forces among shear panels in a
diaphragm is a function of the layup and nailing pattern
of panels to framing. For this reason, shear deflection in
a wood diaphragm is related to panel shear, panel layout,
nailing pattern, and nail load-slip relationship. In Equa-
tion C4.2.2-2, panel shear and nail slip are assumed to be
inter-related and have been combined into a single term to
account for shear deformations. Equation C4.2.2-3 equates
apparent shear stiffness, G,, to nail slip and panel shear
stiffness terms used in the four-term equation:

G - 1.4vS(ASD)
© W) +0.75¢,

Gt

vy

(C4.2.2-3)

where:
1.4 vgasp) = 1.4 times the ASD unit shear capacity for

seismic. The value of 1.4 converts ASD level
forces to strength level forces.

Calculated deflection, using either the 4-term (Equa-
tion C4.2.2-1) or 3-term equation (SDPWS Equation
4.2-1), is identical at the critical strength design level
— 1.4 times the allowable shear value for seismic (see
Figure C4.3.2).

For unblocked wood structural panel diaphragms,
tabulated values of G, are based on limited test data for
blocked and unblocked diaphragms (3, 4, and 11). For dia-
phragms of Case 1, reduced shear stiffness equal to 0.6G,

Table C4.2.2A Shear Stiffness, G t, (Ib/in. of depth), for Wood Structural Panels

Minimum Structural Sheathing Structural I
Span Nominal Panel Plywood OSB Plywood OSB
Rating* | Thickness (in.) 3-ply 4ply | 5-ply’ 3-ply 4ply | 5-ply’
Sheathing Grades'
24/0 3/8* 25,000 | 32,500 | 37,500 77,500 | 32,500 | 42,500 | 41,500 | 77,500
24/16 7/16 27,000 | 35,000 | 40,500 83,500 | 35,000 | 45,500 | 44,500 | 83,500
32/16 15/32 27,000 | 35,000 | 40,500 83,500 | 35,000 | 45,500 | 44,500 | 83,500
40/20 19/32 28,500 | 37,000 | 43,000 88,500 | 37,000 | 48,000 | 47,500 | 88,500
48/24 23/32 31,000 | 40,500 | 46,500 96,000 | 40,500 | 52,500 | 51,000 | 96,000
Single Floor Grades
16 oc 19/32 27,000 | 35,000 | 40,500 83,500 | 35,000 | 45,500 | 44,500 | 83,500
20 oc 19/32 28,000 | 36,500 | 42,000 87,000 | 36,500 | 47,500 | 46,000 | 87,000
24 oc 23/32 30,000 | 39,000 | 45,000 93,000 | 39,000 | 50,500 | 49,500 | 93,000
32 oc 7/8 36,000 | 47,000 | 54,000 | 110,000 | 47,000 | 61,000 | 59,500 | 110,000
48 oc 1-1/8 50,500 | 65,500 | 76,000 | 155,000 | 65,500 | 85,000 | 83,500 | 155,000

1. Sheathing grades used for calculating G, values for diaphragm and shear wall tables.

2. Gut, values for 3/8" panels with span rating of 24/0 used to estimate G, values for 5/16" panels.

3. 5-ply applies to plywood with five or more layers. For 5-ply plywood with three layers, use G.t, values for 4-ply panels.
4. See Table 4.2.2C for relationship between span rating and nominal panel thickness.

Table C4.2.2B Shear Stiffness, G t, (Ib/in. of depth), for Other Sheathing

Materials
. . Minimum Nominal

Sheathing Material Panel Thickness (in.) Gt

Plywood Siding 5/16 & 3/8 25,000
3/8 25,000

Particleboard 1/2 28,000
5/8 28,500

Structural Fiberboard 1/2 & 25/32 25,000

Gypsum board 1/2 & 5/8 40,000

Lumber All 25,000
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SDPWS COMMENTARY: LATERAL FORCE-RESISTING SYSTEMS

EXAMPLE C4.2.2-1

Derive G, in SDPWS Table 4.2A

Derive G, in SDPWS Table 4.2 A for a blocked wood
structural panel diaphragm constructed as follows:

Sheathing grade = Structural |
(OSB)

Sheathing layup = Case 1

Nail size = 6d common
(0.113”
diameter, 2"
length)

Minimum nominal panel thickness = 5/16 in.

Boundary and panel edge nail spacing = 6 in.

Minimum width of nailed face = 2x nominal
Nominal unit shear capacity for
seismic, Vs =370 plf
SDPWS Table 4.2A

Allowable unit shear capacity for seismic:
Vsasp) — 370 plf/2 =185 plf

Panel shear stiffness:
G,t, =77,500 Ib/in. of panel depth Table C4.2.2A

Nail load/slip at 1.4 vyssp):
V., = fastener load (Ib/nail)
= 1.4 vyasp) (6 in.)/(12 in.)
= 129.5 Ib/nail
e, = (V,/456)>14 Table C4.2.2D
= (129.5/456)*1%=0.0191 in.

Calculate G,:
G - 1.4vs( 4D)
‘@ 14v

AP 40,75,
Gt

2n%

G,= 14,660 Ib/in. = 15 kips/in. SDPWS Table 4.2A

(C4.2.2-3)

EXAMPLE C4.2.2-2

Derive G, in SDPWS Table 4.2B

Derive G, in SDPWS Table 4.2B for an unblocked
wood structural panel diaphragm constructed as follows:

Sheathing grade = Structural [
(OSB)

Nail size = 6d common
(0.113"
diameter, 2"
length)

Minimum nominal panel thickness =5/16 in.

Minimum width of nailed face = 2x nominal

Boundary and panel edge nail spacing = 6 in.

G, = 15 kips/in. SDPWS Table 4.2A

Case 1 - unblocked
G, =0.6 G, (blocked)
= 0.6 (15.0) = 9.0 kips/in. SDPWS Table 4.2B

Cases 2, 3,4, 5, and 6 - unblocked
G, = 0.4 G, (blocked)
= 0.4 (15.0) = 6.0 kips/in. SDPWS Table 4.2B

was used to derive tabulated G, values. For unblocked
diaphragms of Case 2, 3, 4, 5, and 6, reduced shear stiff-
ness equal to 0.4G, was used to derive tabulated G, values.
Examples C4.2.2-1 and C4.2.2-2 show derivations of G,
in SDPWS Tables 4.2A and 4.2B, respectively.

In diaphragm table footnotes, a factor of 0.5 is provid-
ed in the diaphragm table footnotes to adjust tabulated G,
values (based on fabricated dry condition) to approximate
G, where “green” framing is used. This factor is based on
analysis of apparent shear stiffness for wood structural
panel shear wall and diaphragm construction where:

1) framing moisture content is greater than 19%
at time of fabrication (green); and,

2) framing moisture content is less than or equal
to 19% at time of fabrication (dry).

The average ratio of “green” to “dry” for G, across
shear wall and diaphragm cells ranged from approximately
0.52 to 0.55. A rounded value of 0.5 results in slightly
greater values of calculated deflection for “green” fram-
ing when compared to the more detailed 4-term deflection
equations. Although based on nail slip relationships
applicable to wood structural panel shear walls, this reduc-
tion can also be extended to lumber sheathed diaphragm
construction.
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Comparison with Diaphragm Test Data

Tests of blocked and unblocked diaphragms (4) are
compared in Table C4.2.2E for diaphragms constructed
as follows:

Calculated deflections at 1.4 x vyasp) closely match
test data for blocked and unblocked diaphragms.

In Table C4.2.2F, calculated deflections using SDPWS
Equation 4.2-1 are compared to deflections from two tests

of 20 ft x 60 ft (W =20 ft, L = 60 ft) diaphragms (26) at
1.4 times the allowable seismic design value for a hori-
zontally sheathed and single diagonally sheathed lumber
diaphragm. Calculated deflections include estimates of
deflection due to bending, shear, and chord slip. For both
diaphragms, calculated shear deformation accounted for
nearly 85% of the total calculated mid-span deflection.
Tested deflection for Diaphragm 4 is slightly greater than
estimated by calculation and may be attributed to limited
effectiveness of the diaphragm chord construction which

Sheathing material = Sheathing Grade, 3/8" mini-
mum nominal panel thickness

Nail size = 8d common (0.131" diameter, 22"
length)

Diaphragm length, L = 24 ft

Diaphragm width, W = 24 ft

Panel edge nail spacing = 6 in.

Boundary nail spacing = 6 in. o.c. at boundary
parallel to load (4 in. o.c. at boundary perpen-
dicular to load for walls A and B)

Table C4.2.2C Relationship Between Span Rating and Nominal Thickness

Span Nominal Thickness (in.)
Rating 3/8 7/16 15/32 1/2 19/32 5/8 23/32 3/4 7/8 1 1-1/8
Sheathing
24/0 P A A A
24/16 P A A o
32/16 P A A A o
40120 P A A A 2
48/24 P A A E
Single Floor Grade ;
16 oc P A 2
20 oc P A I~
24 oc P A E
32 oc P A ;
48 oc P -
P = Predominant nominal thickness for each span rating. 3
A = Alternative nominal thickness that may be available for each span rating. Check with suppliers regarding availability. g
Table C4.2.2D Fastener Slip, e, (in.) E
m
Maximum Fastener Fastener Slip, e, (in.) %
. . Load (V, Fabricated w/green Fabricated w/dr =
Sheathing Fastener Size (lb/fast(ene:) (>19% m.c.) lugmber (£19% m.c.) lumlfer %
Wood Structural 6d common 180 (V,/434)2314 (V,/456)144 ﬂ
Panel (WSP) or 8d common 220 (V,/857)!% (V,/616)01¢ 4
Particleboard' m
10d common 260 (V,/977)18% (V,/769)327 5
Structural Fiberboard All - - 0.07
Gypsum Board All - - 0.03
Lumber All - - 0.07

1. Slip values are based on plywood and OSB fastened to lumber with a specific gravity of 0.50 or greater. The slip shall be increased by 20 percent when plywood is
not Structural 1. Nail slip for common nails have been extended to galvanized box or galvanized casing nails of equivalent penny weight for purposes of calculat-

ing G,.
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utilized blocking to transfer forces to the double 2x6 top
plate chord. For Diaphragm 2, chord construction utilized
2-2x10 band joists.

C4.2.3 Unit Shear Capacities

where:
2.0 = ASD reduction factor

LRFD unit shear capacity for wind, v,rrp).

Vv (LrRFD) = 0.8v, (C4.2.3-3)

ASD and LRFD unit shear capacities for wind and LRED unit sh v f -
seismic are calculated as follows from nominal values for unit shear capacity for SCISMIC, Vyirrp)
wind, v,,, and seismic, V.. Y, (LrFD) = 0.8v, (C4.2.3-4)
ASD unit shear capacity for wind, vy asp): where:

v, 0.8 = resistance factor, ¢, for shear walls and

Vi (aspy = 2_0 (C4.2.3-1) diaphragms

ASD unit shear capacity for seismic, Vyasp):
VS
Vsaspy = E (C4.2.3-2)

Table C4.2.2E Data Summary for Blocked and Unblocked Wood Structural

Panel Diaphragms

Blocked/ 1.4vasp) Actual Apparent Stiffness!, Calculated Diaphragm
Wall | Unblocked (plf) Deflection, (in.) G,, (kips/in.) Deflection, (in.) Layout
A Blocked 378 0.22 14.4 0.18 Case 1
D Unblocked 336 0.26 (0.60x 14.4)=28.6 0.26 Case 1
B Blocked 378 0.15 14.4 0.18 Case 3
E Unblocked 252 0.23 (040x 14.4)=5.8 0.29 Case 3

1. Values of G, for the blocked diaphragm case were taken from SDPWS Table 4.2A and multiplied by 1.2 (see footnote 3) because sheathing material was assumed
to be comparable to 4/5-ply construction.

Table C4.2.2F  Data Summary for Horizontal Lumber and Diagonal Lumber

Sheathed Diaphragms

Calculated Actual
Diaphragm Description 1.4V asp) G, o! 1)
(plH) (kips/in.) (in.) (in.)
Diaphragm 4 Horizontal Lumber Sheathing

— Dry Lumber Sheathing 70 1.5 0.81 0.93
— 2 x 6 chord (double top plates), 5 splices

Diagonal Lumber Sheathing
Diaphragm 2 |— Green Lumber Sheathing

— 2 x 10 chord, 3 splices

— Exposed outdoors for 1 month

1. Calculated deflection equal to 0.81" includes estimates of deflection due to bending, shear, and chord slip (0.036" + 0.7" + 0.07" = 0.81"). Calculated deflection
equal to 1.23" includes estimates of deflection due to bending, shear, and chord slip (0.13" + 1.05" + 0.05" = 1.23").

420 6.0 1.23 1.05
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EXAMPLE C4.2.2-3

Calculate Mid-Span Diaphragm Deflection

Figure C4.2.2-3a Diaphragm
Dimensions
and Shear and
Moment Diagram

L = 48"
16 : 16" 4
Al B|
Case 1 blocked
; diaphragrm,
Diaphragm "
chord jo?nt \/ 7/16" OSB
sheathing, 8d
W=24" common nail at
6" o.c.atall
panel edges
f 1 ] 1 ] 1 1 ] 1 ] 1
Allowable stress design load, o = 255 plf
Vmax = 295 plf
| Vy = o(L/2 - x)
X Mmax= 73,440 ft-Ib

M = 65,280 ft-Ib M = 65,280 ft-Ib
/\ M, = ox (L -x)
2

Calculate mid-span deflection for the blocked wood
structural panel diaphragm shown in Figure C4.2.2-3a.
The diaphragm chord splice is sized using allowable
stress design loads from seismic while deflection due to
seismic is based on strength design loads in accordance
with ASCE 7.

Diaphragm apparent shear stiffness, G,:
G, = 14 kips/in. (SDPWS Table 4.2A)

Diaphragm allowable unit shear capacity for seismic,

Vs (ASD)-
Vs asp) = 255 plf (SDPWS Table 4.2A)
Diaphragm chord:
Two 2x6 No. 2 Douglas Fir-Larch, E = 1,600,000
psi, and G = 0.50

Part 1 - Calculate the number of 16d common nails
in the chord splice

For each chord, one top plate is designed to resist
induced axial force (tension or compression) while the
second top plate is designed as a splice plate (see Figure
C4.2.2-3b). The connection at the chord splice consists
of 16d common nails (0.162" diameter x 3-1/2" length).

The allowable design value for a single 16d common nail
in a face-nailed connection is: Z'ssp = 226 1b.

The axial force (T or C) at each joint:

(7 or )= M 65:280/1=1b

=2,720 b
w 24 fi

The number of 16d common nails, n, is:

e 2,720 /b
226 [b/ nail

=12 nails

Use twelve 16d common nails on each side of joint
A and joint B to transfer chord axial forces. Designers
should consider whether a single maximum chord force
at mid-span of the diaphragm should be used to determine
the number of fasteners in each splice joint since the
actual location of joints may not be known. The number
of 16d common nails based on the maximum chord force
at mid-span of the diaphragm is:

n_73,440ﬁ—lb/24ﬁ
226 [b/ nail

=14 nails

Figure C4.2.2-3b Diaphragm Chord,
Double Top Plate
with Two Joints in

Upper Plate
Upper plate designed as Splice
continuous chord plates
Joint A Joint B

<’
NE
N B
A
NE
NE
N

N

NE
N B
N B
NE
A

Wide face of upper top plate. Twelve nails on each side of each joint.

Part 2 - Calculated mid-span deflection

ASCE 7 requires that seismic story drift be determined
using strength level design loads; therefore, induced unit
shears and chord forces used in terms 1, 2, and 3 of the
deflection equation are calculated using strength level

(continued)
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SDPWS COMMENTARY: LATERAL FORCE-RESISTING SYSTEMS

EXAMPLE C4.2.2-3

Calculate Mid-Span Diaphragm Deflection (continued)

design loads. Strength level design loads can be estimated
by multiplying the allowable stress design seismic loads,
shown in Figure C4.2.2-3a, by 1.4.

A spliced chord member has an “effective” stiffness
(EA) due to the splice slip that occurs throughout the
chord. In this example, and for typical applications of
Equation C4.2.2-2, the effect of the spliced chord on mid-
span deflection is addressed by independently considering
deflection from: a) chord deformation due to elongation
or shortening assuming a continuous chord member per
deflection equation Term 1, and b) deformations due to
chord splice slip at chord joints per deflection equation
Term 3.

Diaphragm deflection is calculated in accordance with
the following:

The second top plate is designed as a splice plate.

Term 2. Deflection due to shear, panel shear, and
nail slip:
o dia(panel shear+nail slip) w
1000G,
_0.25(1.4 x 255 plf ) (48 ft)
~ 1000(14 kips / in.)
=0.306 in.

where:
G, = 14 kips/in., apparent shear stiffness
(SDPWS Table 4.2A)

Term 3. Deflection due to bending and chord splice

; slip:
_ SvL N 0.25vL
“ " 8EAW  1000G, 5 _2.(xA)
dia(chord splice slip) ~— W
L2
W (SDPWS C4.2.2-2) where:
= 16 ft, dist fi the joint to th t
Term 1. Deflection due to bending and chord deforma- X 6 ft, dis ance- S T nejar.es
tion (excluding chord splice slip): support (see Figure C4.2.2-3a). Each joint
is located 16 ft from the nearest support.
S . svl A. = Joint deformation (in.) due to chord splice
dia(bending, chords) @ [ A Jy7 slip in each joint. The chord force, T or C,
. 5(1.4 x 255 plf ) (48 ft)’ at each joint is:
8(1,600,000 psi)(8.25in.> )(24 f1)
1.4 x 65,280 ft—1b
=0.078in. (T or C):( fi=1b) =3,808/b
24 ft
where:
v = 1.4 x 255 plf, induced unit shear due to The slip, A, associated with each joint:
strength level seismic load
L =48 ft, diaphragm length 2 (T orC )
W =24 ft, diaphragm width A = yn
E = 1,600,000 psi, modulus.of elfisticity of 2(3,8081h)
the 2x6 chord member ignoring effects = L7376/ in. ) nail (12 nail
of chord splice slip. The effect of chord e el el (12 12
splice slip on chord deformation is =0.054in.
addressed in deflection equation Term 3.
A =8.25 in.2, cross sectional area of one 2x6
top plate designed to resist axial forces.
(continued)
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EXAMPLE C4.2.2-3

Calculate Mid-Span Diaphragm Deflection (continued)

where:
y = 11,737 Ib/in./nail, load slip modulus
for dowel type fasteners determined
in accordance with National Design
Specification for Wood Construction
(NDS) Section 10.3.6, y =180,000 D',

(Note: A constant of 2 is used in the numerator to account
for slip in nailed splices on each side of the joint.)

Deflection due to tension chord splice slip is:

(16 f1x0.054 in) + (16 fx0.054 in.)

S, . =
dia(tension chord splice slip) 2(24 ﬁ)

=0.036 in.

Assuming butt joints in the compression chord are
not tight and have a gap that exceeds the splice slip, the
tension chord slip calculation is also applicable to the
compression chord:

=0.036 in.

dia(compression chord splice slip)

Total deflection due to chord splice slip is:

=0.036in.+0.036 in.=0.072 in.

5dia(chord splice slip)

Total mid-span deflection:
Summing deflection components from deflection

equation Term 1, Term 2, and Term 3 results in the fol-
lowing total diaphragm mid-span deflection:

8., =0.078 in.+0.306 in.+0.072 in. = 0.456 in.

C4.2.4 Diaphragm Aspect Ratios

Maximum aspect ratios for floor and roof diaphragms
(SDPWS Table 4.2.4) using wood structural panel or
diagonal board sheathing are based on building code re-
quirements (See SDPWS 4.2.5.1 for aspect ratio limits for
cases where a torsional irregularity exists, for open front
buildings, and cantilevered diaphragms).

C4.2.5 Horizontal Distribution of
Shear

General seismic design requirements (5) define condi-
tions applicable for the assumption of flexible diaphragms.
For flexible diaphragms, loads are distributed to wall lines
according to tributary area whereas for rigid diaphragms,
loads are distributed according to relative stiffness of
shear walls.

The actual distribution of seismic forces to vertical
elements (shear walls) of the seismic-force-resisting sys-
tem is dependent on: 1) the stiffness of vertical elements
relative to horizontal elements, and 2) the relative stiffness
of various vertical elements.

Where a series of vertical elements of the seismic-
force-resisting system are aligned in a row, seismic forces
will distribute to the different elements according to their
relative stiffness.

C4.2.5.1 Torsional Irregularity: Excessive torsional
response of a structure can be a potential cause of failure.
As aresult, diaphragm dimension and diaphragm aspect
ratio limitations are provided for different building con-
figurations. The test for torsional irregularity is consistent
with general seismic design requirements (5).

C4.2.5.1.1 Open Front Structures: A structure with
shear walls on three sides only (open front) is one cat-
egory of structure that requires transfer of forces through
diaphragm rotation. Assuming rigid diaphragms, shear
force is transferred to shear wall(s) parallel to the applied
force and torsional moment due to eccentric loading
is transferred into perpendicular walls. Applicable
limitations are provided in SDPWS 4.2.5.1.1. Design
considerations include SDPWS prescriptive limita-
tions on diaphragm length and diaphragm aspect ratio
to limit transfer of forces through diaphragm rotation,
and requirements of general seismic design criteria (5)
including drift limits, increased forces due to presence
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of irregularities, and increased forces in accordance with
redundancy provisions.

C4.2.5.2 Cantilevered Diaphragms: Limitations on
cantilever distance and diaphragm aspect ratios for dia-
phragms that cantilever horizontally past the outermost
shear wall (or other vertical lateral force resisting element)
are in addition to requirements of general seismic design
criteria (5), including drift limits, increased forces due to
presence of irregularities, and increased forces in accor-
dance with redundancy provisions.

C4.2.6 Construction Requirements

C4.2.6.1 Framing Requirements: The transfer of forces
into and out of diaphragms is required for a continuous load
path. Boundary elements must be sized and connected to
the diaphragm to ensure force transfer. This section pro-
vides basic framing requirements for boundary elements
in diaphragms. Good construction practice and efficient
design and detailing for boundary elements utilizes fram-
ing members in the plane of the diaphragm or tangent to the
plane of the diaphragm (See C4.1.4). Where splices occur
in boundary elements, transfer of force between boundary
elements should be through the addition of framing mem-
bers or metal connectors. The use of diaphragm sheathing
to splice boundary elements is not permitted.

(C4.2.6.2 Sheathing: Sheathing types for diaphragms
included in SDPWS Table 4.2 A and Table 4.2B are catego-
rized in terms of the following structural use panel grades:
Structural I, Sheathing, and Single-Floor. Sheathing grades
rated for subfloor, roof, and wall use are usually unsanded
and are manufactured with exterior glue. The Structural I
sheathing grade is used where the greatest available shear
and cross-panel strength properties are required. Structural
Iis made with exterior glue only. The Single-Floor sheath-
ing grade is rated for use as a combination of subfloor and
underlayment, usually with tongue and groove edges, and
has sanded or touch sanded faces.

SDPWS Table 4.2A and Table 4.2B are applicable to
both oriented strand board (OSB) and plywood. While
strength properties between equivalent grades and thick-
ness of OSB and plywood are the same, shear stiffness of
OSB is greater than that of plywood of equivalent grade
and thickness.

Tabulated plywood G, values are based on 3-ply
plywood. Separate values of G, for 4-ply, 5-ply, and com-
posite panels were calculated and ratios of these values to
G, based on 3-ply were shown to be in the order of 1.09
to1.22 for shear walls and 1.04 to1.16 for diaphragms. A
single G, multiplier of 1.2 was chosen for 4-ply, 5-ply,
and composite panels in table footnotes. This option was
considered preferable to tabulating G, values for 3-ply,

4-ply, 5-ply, and composite panels separately.

C4.2.6.3 Fasteners: Adhesive attachment in dia-
phragms can only be used in combination with fasteners.
Details on type, size, and spacing of mechanical fasteners
used for typical floor, roof, and ceiling diaphragm assem-
blies are provided in Tables 4.2A, 4.2B, and 4.2C and in
SDPWS 4.2.77 Diaphragm Assemblies.

C4.2.7 Diaphragm Assemblies

C4.2.7.1 Wood Structural Panel Diaphragms: Where
wood structural panel sheathing is applied to solid lumber
planking or laminated decking — such as in a retrofit or new
construction where wood structural panel diaphragm capaci-
ties are desired — additional fastening, aspect ratio limits,
and other requirements are prescribed to develop diaphragm
capacity and transfer forces to boundary elements.

C4.2.7.1.1 Blocked Diaphragms: Standard construc-
tion of wood structural panel diaphragms requires use of
full size sheets, not less than 4'x8" except at changes in
framing where smaller pieces may be needed to cover the
roof or floor. Panel edges must be supported by and fas-
tened to framing members or blocking. The 24" width limit
coincides with the minimum width where panel strength
capacities for bending and axial tension are applicable (6).
For widths less than 24", capacities for bending and axial
tension should be reduced in accordance with applicable
panel size adjustment factors (panel width adjustment
factors are described in the Commentary to the National
Design Specification for Wood Construction (6)). Apparent
shear stiffness values provided in SDPWS Table 4.2 A are
based on standard assumptions for panel shear stiffness
for oriented strand board (OSB), plywood, and nail load
slip (see C4.2.2).

In accordance with SDPWS Table 4.2A, nail spacing
requirements for a given unit shear capacity vary by panel
lay-out, framing orientation, and load direction and are
grouped into six unique cases as shown in SDPWS Table
4.2A. An alternative presentation which clarifies influence
of load direction on determination of applicable case is
provided in Figure C4.2.7.1.1.

C4.2.7.1.1(3): For closely spaced or larger diameter
nails, staggered nail placement at each panel edge is in-
tended to prevent splitting in the framing member (see
Figure C4.2.7.1.1(3)).

C4.2.7.1.2 High Load Blocked Diaphragms: Provi-
sions for wood structural panel blocked diaphragms with
multiple rows of fasteners, also known as “high load
diaphragms” are consistent with provisions in the 2006
International Building Code (IBC) and the 2003 Na-
tional Earthquake Hazard Reduction Program (NEHRP)
Provisions. Tests of nailed plywood-lumber joints (32)
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Figure C4.2.7.1.1 Diaphragm Cases 1 through 6

CASE 1 . . CASE 2
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Frami CASE 5
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- —
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Wamm

CASE 3

L1l
CASE 4
Load
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CASE 6
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]\ :

=

?

Continuous panel joints

Framing
Blocking

Diaphragm boundary

L Continuous panel joints

Figure C4.2.7.1.1(3) Staggering of Nails at Panel Edges of Blocked Diaphragms

Panel edge

N

Panel edge
nail spacing

|
[

2x framing
(minimum)

Staggered row of fasteners
at panel edge

closely match recommended nailing patterns and verify
calculations of unit shear associated with multiple rows
of 10d common wire nails in Table 4.2B. The high load
diaphragm table specifies use of framing with a 3x or 4x
minimum nominal width of nailed face at adjoining panel
edges and boundaries and the presence of multiple rows
of 10d common wire nails at these locations (see SDPWS
Figure 4C). Fastener spacing per line is listed in Table
4.2B as well as number of lines of fasteners. Nails should
not be located closer than 3/8” from panel edges. Where
the nominal width of nailed face and nail schedule permits
greater panel edge distance, a 1/2” minimum distance from
adjoining panel edges is specified. Apparent shear stiffness
values are tabulated for each combination of nailing and
sheathing thickness consistent with the format of tabulat-

Panel edge Panel edge
NG
I ofl o
18
Panel edge 1 St
nail spacing }_ J
e Panel edge
L .} 1 nail spacing
AR
ol
™~ 3x framing
(minimum)

Adjoining Panel Edge
(staggered row of fasteners
at each panel edge)

ing apparent shear stiffness, G,, for typical blocked and
unblocked diaphragms.

SDPWS Figure 4C depicts a 1/8” minimum gap be-
tween adjoining panel edges to allow for dimensional
change of the panel. In general, 4'x8’ panels will increase
slightly in dimension due to increased moisture content
in-use relative to moisture content immediately following
manufacture. In some cases, due to exposure conditions
following manufacture, the expected increase in panel
dimensions is smaller than anticipated by the 1/8" mini-
mum gap and therefore the gap at time of installation may
be less than 1/8” minimum. Dimensional change and
recommendations for installation can vary by product
and manufacturer, therefore recommendations of the
manufacturer for the specific product should be followed.
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C4.2.7.1.3 Unblocked Diaphragms: Standard con-
struction of unblocked wood structural panel diaphragms
requires use of full size sheets, not less than 4'x8' except at
changes in framing where smaller sections may be needed
to cover the roof or floor. Unblocked panel widths are
limited to 24" or wider. Where smaller widths are used,
panel edges must be supported by and fastened to framing
members or blocking. The 24" width limit coincides with
the minimum width where panel strength capacities for
bending and axial tension are applicable (6). For widths
less than 24", capacities for bending and axial tension
should be reduced in accordance with applicable panel
size adjustment factors (panel width adjustment factors
are described in the Commentary to the National Design
Specification for Wood Construction (6)). Apparent shear
stiffness values provided in SDPWS Table 4.2C are based
on standard assumptions for panel shear stiffness for
oriented strand board (OSB), plywood, and nail load slip
(see C4.2.2).

(C4.2.7.2 Diaphragms Diagonally Sheathed with Single
Layer of Lumber: Single diagonally sheathed lumber dia-
phragms have comparable strength and stiffness to many

C4.3 Wood Shear Walls

wood structural panel diaphragm systems. Apparent shear
stiftness in SDPWS Table 4.2D is based on assumptions
of relative stiffness and nail slip (see C4.2.2).

C4.2.7.3 Diaphragms Diagonally Sheathed with
Double-Layer of Lumber: Double diagonally sheathed
lumber diaphragms have comparable strength and stiff-
ness to many wood structural panel diaphragm systems.
Apparent shear stiffness in SDPWS Table 4.2D is based on
assumptions of relative stiffness and nail slip (see C4.2.2).

C4.2.7.4 Diaphragms Horizontally Sheathed with
Single-Layer of Lumber: Horizontally sheathed lumber di-
aphragms have low strength and stiffness when compared
to those provided by wood structural panel diaphragms
and diagonally sheathed lumber diaphragms of the same
overall dimensions. In new and existing construction,
added strength and stiffness can be developed through
attachment of wood structural panels over horizontally
sheathed lumber diaphragms (see SDPWS 4.2.7.1). Ap-
parent shear stiffness in SDPWS Table 4.2D is based on
assumptions of relative stiffness and nail slip (see C4.2.2).

C4.3.1 Application Requirements

General requirements for wood shear walls include
consideration of shear wall deflection (discussed in 4.3.2)
and strength (discussed in 4.3.3).

Shear wall performance has been evaluated by mono-
tonic and cyclic testing and references to test reports are
provided throughout the Commentary. Cyclic testing in
accordance with ASTM E 2126 (34) Method C is com-
monly used to study seismic performance of wood frame
shear wall behavior (14, 22, 25, 29, and 33). The cyclic
loading protocol associated with ASTM E 2126 Method
C is also known as the “CUREE” protocol (37). Reports
containing results (15, 28, and 36) from other cyclic
protocol, such as ASTM E 2126 Method A and Method
B, commonly referred to as the “SEAoSC” and “ISO”
protocols respectively, are also included as references for
seismic design provisions of the SDPWS.

C4.3.2 Deflection

The deflection of a shear wall can be calculated by
summing the effects of four sources of deflection: fram-
ing bending deflection, panel shear deflection, deflection
from nail slip, and deflection due to wall anchorage slip:

(bending) (shear)

3
s 0ashe, + PA (caza
EAb Gt b

vy

(nail slip) (wall anchorage slip)

where:
v = induced unit shear, plf
h = shear wall height, ft
E = modulus of elasticity of end posts, psi
A = area of end posts cross-section, in.2
b = shear wall length, ft

G,t, = shear stiffness, Ib/in. of panel depth. See
Table C4.2.2A or C4.2.2B.

A, = total vertical elongation of wall anchorage
system (including fastener slip, device
elongation, rod elongation, etc.) at the
induced unit shear in the shear wall, in.

e, = nail slip, in. See Table C4.2.2D.

Note: the constant 8 in the first term and the con-
stant 0.75 in the third term incorporate background
derivations that cancel out the units of feet in
each term.
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SDPWS Equation 4.3-1 is a simplification of Equation
C4.3.2-1, using only three terms for calculation of shear
wall deflection:

(bending)  (shear) (wall anchorage slip)

S vk
" EAb  1000G, = b ° (C4.3.2-2)
where:

v = induced unit shear, plf

h = shear wall height, ft

E = modulus of elasticity of end posts, psi

A = area of end post cross-section, in.2

b = shear wall length, ft
G, = apparent shear wall shear stiffness,

Kips/in.

A, = total vertical elongation of wall anchorage
system (including fastener slip, device
elongation, rod elongation, etc.) at the
induced unit shear in the shear wall, in.

In SDPWS Equation 4.3-1, deflection due to panel
shear and nail slip are accounted for by a single appar-
ent shear stiffness term, G,. Calculated deflection, using
either the 4-term (Equation C4.3.2-1) or 3-term equation
(SDPWS Equation 4.3-1), are identical at 1.4 times the al-
lowable shear value for seismic (see Figure C4.3.2). Small
“absolute” differences in calculated deflection - below 1.4
times the allowable shear value for seismic - are generally
negligible for design purposes. These small differences,
however, can influence load distribution assumptions based
on relative stiffness if both deflection calculation methods
are used in a design. For consistency and to minimize
calculation-based differences, either the 4-term equation
or 3-term equation should be used.

Each term of the 3-term deflection equation accounts
for independent deflection components that contribute to
overall shear wall deflection. For example, apparent shear
stiffness is intended to represent only the shear component
of deflection and does not also attempt to account for
bending or wall anchorage slip. In many cases, such as
for gypsum wallboard shear walls and fiberboard shear
walls, results from prior testing (17 and 23) used to verify
apparent shear stiffness estimates were based on ASTM
E 72 (41) where effect of bending and wall anchorage
slip are minimized due to the presence of metal tie-down
rods in the standard test set-up. The relative contribution
of each of the deflection components will vary by aspect

ratio of the shear wall. For other than narrow shear walls,
deformation due to shear deformation (combined effect
of nail slip and panel shear deformation) is the largest
component of overall shear wall deflection.

Effect of wall anchorage slip becomes more signifi-
cant as the aspect ratio increases. The SDPWS requires an
anchoring device (see SDPWS 4.3.6.4.2) at each end of
the shear wall where dead load stabilizing moment is not
sufficient to prevent uplift due to overturning. For standard
anchoring devices (tie-downs), manufacturers’ literature
typically includes ASD capacity (based on short-term
load duration for wind and seismic), and corresponding
deflection of the device at ASD levels. Deflection of the
device at strength level forces may also be obtained from
manufacturers’ literature. Reported deflection may or may
not include total deflection of the device relative to the
wood post and elongation of the tie-down bolt in tension.
All sources of vertical elongation of the anchoring device,
such as slip in the connection of the device to the wood post
and elongation of the tie-down rod should be considered
when estimating the A, term in SDPWS Equation 4.3-1.
Estimates of A, at strength level forces are needed when
evaluating drift in accordance with ASCE 7 is required.

In shear wall table footnotes (SDPWS Table 4.3A),
a factor of 0.5 is provided to adjust tabulated G, values
(based on fabricated dry condition) to approximate G,
where “green” framing is used. This factor is based on
analysis of apparent shear stiffness for wood structural
panel shear wall and diaphragm construction where:

Figure C4.3.2 Comparison of 4-Term
and 3-Term Deflection

Equations

900
SDPWS, Linear 3-term equation

800 , “Non-linear, 4-term equation

----- Identical at 1.4 ASD

Load, plf

-------- ASD unit shear

0 0.2 0.4 0.6 0.8
Displacement, inches
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1) framing moisture content is greater than 19%
at time of fabrication (green), and

2) framing moisture content is less than or equal

to 19% at time of fabrication (dry).

The average ratio of “green” to “dry” for G, across
shear wall and diaphragm cells ranged from approximately
0.52 to 0.55. A rounded value of 0.5 results in slightly
greater values of calculated deflection for “green” fram-
ing when compared to the more detailed 4-term deflection
equations. Although based on nail slip relationships appli-
cable to wood structural panel shear walls, this reduction
is also extended to other shear wall types.

In Table C4.3.2A, calculated deflections using SDPWS
Equation 4.3-1 are compared to deflections from tests at
1.4 times the allowable design value of the assembly for

shear walls with fiberboard, gypsum sheathing, and lumber
sheathing. For lumber sheathing, calculated stiffness is
underestimated when compared to test-based stiffness val-
ues. However, the lower stated stiffness for horizontal and
diagonal lumber sheathing is considered to better reflect
stiffness after lumber sheathing dries in service. Early stud-
ies (24) suggest that stiffness after drying in service may
be 1/2 of that during tests where friction between boards
in lumber sheathed assemblies is a significant factor.

Table C4.3.2A Data Summary for Structural Fiberboard, Gypsum Wallboard,
and Lumber Sheathed Shear Walls

Calculated' Actual
Reference Description 1.4V asp) G, ) ) G,
(plf) | (kips/in.)| (in.) | (in.) | (kips/in.)
Structural Fiberboard Sheathing

1/2" structural fiberboard, roofing nail (11 gage x 1-3/4"),

2" edge spacing, 6" field spacing, 16" stud spacing. 8' x &' 364 5.5 0.5310.46 6.3
Ref 17 wall. (3 tests). .

25/32" structural fiberboard, roofing nail (11 gage x

1-3/4"), 2" edge spacing, 6" field spacing, 16" stud spac- 378 5.5 0.55]0.53 5.7

ing. 8' x 8" wall. (3 tests).

Gypsum Wallboard (GWB) Sheathing

1/2" GWB both sides applied horizontally, GWB Nail
Ref 23 (1-1/4") at 8" o.c., 24" Etlzld spacing. 8' x 2;/' wall. (3 tests). 184 70 0.2110.17 8.7

1/2" GWB both sides applied ho.rizontally, GWB Nail 245 9.6 0.2010.16 122

(1-1/4") at 8" o.c., 16" stud spacing. 8' x 8' wall. (3 tests).

Lumber Sheathing

Horizontal lumber sheathing. 9'x 14'wall. I x 6 and 1 x 8

boards. Two 8d nails at each stud crossing. Stud spacing 70 1.5 0.42(0.25 3.9
Ref. 24 | 16" o.c. (3 tests - panel 2A, 33, and 27).

Diagonal lumber sheathing (in tension), 9' x 14' wall.

1 x 8 boards. Two 8d nails at each stud crossing. Stud 420 6.0 0.63(0.45 13.1

spacing 16" o.c. (2 tests — panel 5 and 31).

1. Calculated deflection based on shear component only. For walls tested, small aspect ratio and use of tie-down rods (ASTM E 72) minimize bending and tie-down

slip components of deflection.

2. Unit shear and apparent shear stiffness in SDPWS Table 4.3B for 7" fastener spacing multiplied by 7/8 to approximate unit shear and stiffness for tested assemblies

using 8" fastener spacing.
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EXAMPLE C4.3.2-1
Table 4.3A

Calculate the Apparent Shear Stiffness, G,, in SDPWS

Calculate the apparent shear stiffness, G,, in SDPWS
Table 4.3A for a wood structural panel shear wall con-
structed as follows:

Sheathing grade = Structural [
(OSB)

Nail size = 6d common
(0.113" diameter,
2" length)

Minimum nominal panel thickness = 5/16 in.

Panel edge fastener spacing =6 in.

Nominal unit shear capacity for

seismic, Vi =400 plf
SDPWS Table 4.3A

Allowable unit shear capacity for seismic:
Vs(ASD) =400 plf/2 =200 plf

Panel shear stiffness:
G.,t, = 77,500 Ib/in. of panel depth
Table C4.2.2A

Nail load/slip at 1.4 vyasp):
V, = fastener load (Ib/nail)
= 1.4 vyuspy (6 1n.)/(12 in.)
= 140 lb/nail
e, = (V,/456)14
= (140/456)*% = 0.0244 in.

Table C4.2.2D

Calculate G,:

1 .4vs( ASD)

G

a

- 1'4VS(ASD)
Gt

vy

+0.75¢, Equation C4.2.2-3

G, =12,772 Ib/in. = 13 kips/in. SDPWS Table 4.3A

C4.3.2.1 Deflection of Perforated Shear Walls: The
deflection of a perforated shear wall can be calculated using
SDPWS Equation 4.3-1 using substitution rules as follows
to account for reduced stiffness of full-height perforated
shear wall segments:

v = maximum induced unit shear force (pIf) in a
perforated shear wall per SDPWS Equation
4.3-9

b = sum of perforated shear wall segment
lengths (full-height), ft

C4.3.2.2 Deflection of Unblocked Wood Structural
Panel Shear Walls: Unblocked shear walls exhibit load-
deflection behavior similar to that of a blocked shear wall
but with reduced values of strength. The unblocked shear
wall adjustment factor, C,, accounts for the effect of
unblocked joints on strength and stiffness. Nominal unit
shear capacity of a blocked wood structural panel shear
wall with stud spacing of 24" o.c. and panel edge nail
spacing of 6” o.c. is the reference condition for determina-
tion of unblocked shear wall nominal unit shear capacity
(e.g. Vi = vy, Cp). Blocked shear wall nominal unit shear

capacity is not to be adjusted by Table 4.3A footnote 2
even if unblocked shear wall construction consists of studs
spaced a maximum of 16” o.c. or panels applied with the
long dimension across studs.

To account for the reduction in unblocked shear wall
stiffness, which is proportional to reduction in strength,
SDPWS 4.3.2.2 specifies that deflection of unblocked shear
walls is to be calculated from standard deflection equations
using an amplified value of induced unit shear equal to
v/Cy. Substituting v/C,, for v in Equation 4.3-1 results in
the following equation for shear wall deflection:

(bending) (shear)  (wall anchorage slip)
8[ v }h3 ( v )h
C Cp h
LT - +A— + —A, (C43.22-1
o EAb 1000G, b ( )

Where values of C,, are less than 1.0, induced unit
shear is amplified by 1/C,, resulting in larger deflection for
the less stiff unblocked shear wall relative to the blocked
shear wall reference condition. The C,, factor can also

AMERICAN FOREST & PAPER ASSOCIATION

(v
(=)
=
=
m
P
-
b
)
<
>
-
m
A
>
-
m
(=]
)
(2]
s
)
m
»
(7]
=
=
»
(%)
<
(7]
-
m
=
(7]



SDPWS COMMENTARY: LATERAL FORCE-RESISTING SYSTEMS

be viewed as a stiffness reduction factor. For example,
simplification of the shear term in Eq. C4.3.2.2-1 yields:

vh

m (C4.3.2.2-2)

where:

(Cw Go) = Apparent shear stiffness of an unblocked
shear wall, Gz unbiocked

C4.3.3 Unit Shear Capacities

See C4.2.3 for calculation of ASD unit shear capacity
and LRFD factored unit shear resistance. Shear capacity
of perforated shear walls is discussed further in section
C4.3.3.5.

C4.3.3.1 Tabulated Nominal Unit Shear Capacities:
SDPWS Table 4.3A provides nominal unit shear capaci-
ties for seismic, v,, and for wind, v,,, (see C2.2) for OSB,
plywood, plywood siding, particleboard, and structural
fiberboard sheathing. SDPWS Table 4.3B provides nominal
unit shear capacities for wood structural panels applied
over 1/2" or 5/8" gypsum wallboard or gypsum sheathing
board. SDPWS Table 4.3C provides nominal unit shear
capacities for gypsum wallboard, gypsum sheathing, plas-
ter, gypsum lath and plaster, and portland cement plaster
(stucco). Nominal unit strength capacities are based on
adjustment of allowable values in building codes and
industry reference documents (See C2.2).

C4.3.3.2 Unblocked Wood Structural Panel Shear
Walls: Monotonic and cyclic tests of unblocked wood
structural panel shear walls (18, 27, and 28) are the basis
of the unblocked shear wall factor, C,,, which accounts for
reduced strength and stiffness of unblocked shear walls
when compared to similarly constructed blocked shear
walls. Test results show comparable displacement capac-
ity characteristics to similarly constructed blocked wood
structural panel shear walls over a range of unblocked
panel configurations. Tests included a range of panel
edge and field nail spacing, stud spacing, wall height, gap
distance at adjacent unblocked panel edges, and simultane-
ous application of gravity load. The maximum unblocked
shear wall height tested was 16’ and the maximum gap
distance between adjacent unblocked panel edges was
1/2". Maximum unit shear capacities are limited to values
applicable for 6" o.c. panel edge nail spacing to address
limited observations of stud splitting in walls tested with
panel edge nail spacing of 4” o.c.

C4.3.3.3 Summing Shear Capacities: A wall sheathed
on two-sides (e.g., a two-sided wall) has twice the ca-
pacity of a wall sheathed on one-side (e.g., a one-sided

wall) where sheathing material and fastener attachment
schedules on each side are identical. Where sheathing
materials are the same on both sides, but different fasten-
ing schedules are used, provisions of SDPWS 4.3.3.3.1 are
applicable. Although not common for new construction,
use of different fastening schedules is more likely to occur
in retrofit of existing construction.

(C4.3.3.3.1 For two-sided walls with the same sheath-
ing material on each side (e.g., wood structural panel) and
same fastener type, SDPWS Equation 4.3-3 and SDPWS
Equation 4.3-4 provide for determination of combined
stiffness and unit shear capacity based on relative stiffness
of each side.

(C4.3.3.3.2 For seismic design of two-sided walls with
different materials on each side (e.g., gypsum on side one
and wood structural panels on side two), the combined unit
shear capacity is taken as twice the smaller nominal unit
shear capacity or the larger nominal unit shear capacity,
whichever is greater. Due to lateral system combination
rules for seismic design (5), the two-sided unit shear
capacity based on different materials on each side of the
wall will require use of the least seismic response modi-
fication coefficient, R, for calculation of seismic loads.
For a two-sided shear wall consisting of wood-structural
panel exterior and gypsum wallboard interior, R = 2 is
applicable where shear wall design is based on two times
the capacity of the gypsum wallboard because R =2 (as-
sociated with gypsum wallboard shear walls in a bearing
wall system) is the least R contributing to the two-sided
shear wall design capacity. For the same wall condition,
when design is based on wood structural panel shear wall
capacity alone, R = 6.5 (associated with wood structural
panel shear walls in a bearing wall system) is applicable.

For wind design, direct summing of the contribution
of gypsum wallboard with the unit shear capacity of wood
structural panel, structural fiberboard, or hardboard panel
siding is permitted based on tests (10 and 15).

Figure C4.3.3 illustrates the provisions in Footnote 6
of Table 4.3 A and Footnote 5 of Table 4.3B requiring panel
joints to be offset to fall on different framing members
when panels are applied on both faces of a shear wall, nail
spacing is less than 6” on center on either side, and the
framing member nailed face width is less than 3x framing.

C4.3.3.5 Shear Capacity of Perforated Shear Walls:
The shear capacity adjustment factor, C,, for perforated
shear walls accounts for reduced shear wall capacity due
to presence of openings and is derived from empirical
Equations C4.3.3.5-1 and C4.3.3.5-2 (13):

F=r/(3-2r) (C4.3.3.5-1)

r=1/(1+A/(hYLy) (C4.3.3.5-2)
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Figure C4.3.3 Detail for Adjoining Panel Edges where Structural Panels are
Applied to Both Faces of the Wall

Adjoining panel edge

S m N S

Adjoining panel
I edges staggered’

a. Adjoining panel edges staggered

The opening adjustment factor, C,, and the shear ca-
pacity ratio, F, are related as follows:

CO(ZLi) = F(Ltot) (C433 5-3)

SDPWS Equation 4.3-5 can be obtained by simplifica-
tion of C4.3.3.5-1, C4.3.3.5-2, and C4.3.3.5-3.

Values of the shear capacity adjustment factors in
Table 4.3.3.5 can be determined by assuming a con-
stant maximum opening height, h, ..., such that A, =
hymax(Lio-2L). Substituting this value of A, into Equation
C4.3.3.5-2 and simplifying:

—1
1+ hu—max Ltot
L h |\ XL
C = Z”L ~
/ 3_2(1_’_ ho—max [ Ltat J]
h

(C4.3.3.5-4)

St

where:

C, = shear capacity adjustment factor (for
perforated shear wall segments)

F = shear capacity ratio based on total length
of the perforated shear wall

r = sheathing area ratio
A, = total area of openings, ft?
h = wall height, ft

homax = Maximum opening height, ft

3x fram[ng Adjoining
or blocking panel edge
N
S S
Adjoining
panel edge

b. Adjoining panel edges not staggered

L.t = total length of a perforated shear wall
including lengths of perforated shear
wall segments and segments containing
openings, ft

> L = sum of perforated shear wall segment
lengths, ft

Full-scale perforated shear wall tests include mono-
tonic and cyclic loads, long perforated shear walls with
asymmetrically placed openings, perforated shear walls
sheathed on two sides, and perforated shear walls with
high aspect ratio shear wall segments (15, 42, 43, and 44).

C4.3.4 Shear Wall Aspect Ratios

The aspect ratio factor, 2by/h, is applicable to blocked
wood structural panel shear walls designed to resist seismic
forces. The factor ranges in value from 1.0 for 2:1 aspect
ratio shear walls to 0.57 for 3.5:1 aspect ratio shear walls
and is intended to account for reduced stiffness of high as-
pect ratio wall segments relative to lower aspect ratio wall
segments (such as 1:1 aspect ratio) in the same wall line.
Increased contribution of bending and overturning com-
ponents of shear wall deflection as aspect ratio increases
are consistent with findings determined by calculations
and monotonic and cyclic tests (35 and 36).

Aspect ratios for structural fiberboard shear walls in
Table 4.3.4 are based on strength and stiffness determined
from cyclic testing (29). The maximum aspect ratio for
structural fiberboard is limited to 3.5:1; however, adjust-
ment factors accounting for reduced strength and stiftness
are applicable where the aspect ratio is greater than 1.0.
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For seismic design, the aspect ratio reduction factor is
based on analysis of reduced stiffness of high aspect ratio
walls relative to the reference case (aspect ratio 1:1) and
results in a maximum reduction factor of 0.36 at a 3.5:1
aspect ratio. For wind design, the strength reduction factor
accounts for observed reduction in peak unit shear strength
as aspect ratio increases relative to the reference case and
results in a reduction factor of 0.78 at a 3.5:1 aspect ratio.

C4.3.5 Shear Wall Types

SDPWS identifies shear walls as one of the following
“types™:

1. Individual Full-Height Wall Segment Shear Walls
(i.e., no openings within an individual full-height
segment);

2. Force-transfer Shear Walls (i.e., with openings, but
framing members, blocking, and connections around
openings are designed for force-transfer);

3. Perforated Shear Walls (i.e., with openings, but
rather than design for force-transfer around open-
ings, reduced shear strength is used based on size
of openings).

C4.3.5.1 Individual Full-Height Wall Segments: Shear
wall design provisions for individual full-height wall
segments, designed as shear walls without openings, are
applicable to walls with wood structural panel sheathing,
designed and constructed in accordance with provisions
as outlined in SDPWS 4.3.5.1.

C4.3.5.2 Force-transfer Shear Walls: Force-transfer
shear wall design provisions are applicable to walls with
wood structural panel sheathing, designed and constructed
in accordance with provisions as outlined in SDPWS
4.3.5.2.

C4.3.5.3 Perforated Shear Walls: Perforated shear
wall design provisions are applicable to walls with wood
structural panel sheathing, designed and constructed in
accordance with provisions as outlined in SDPWS 4.3.5.3.
The single side limits for seismic and wind, 1,740 plf
nominal and 2,435 plf nominal respectively, are based on
tests utilizing 10d nails at 2” o.c. at panel edges on one
side (45). The single side limits on maximum nominal unit
shear capacity are also applicable for double-sided walls
(walls sheathed on two sides) because the tested walls rep-
resent the maximum unit shear strength for which tests are
available. The maximum nominal unit shear capacity for
seismic design of a double-sided wall, while not explicitly
stated in SDPWS, is limited to 1,740 plf for consistency
with the judgment to limit maximum nominal unit shear
capacity for wind based on tests.

Anchorage and load path requirements for perforated

shear walls are specified in SDPWS 4.3.6.1.2,4.3.6.4.1.1,
4.3.6.4.2.1, and 4.3.6.4.4. Anchorage for uplift at perfo-
rated shear wall ends, shear, uplift between perforated
shear wall ends, and compression chord forces are pre-
scribed to address the non-uniform distribution of shear
within a perforated shear wall (7). Prescribed forces for
shear and uplift connections are intended to be in excess
of the capacity of individual wall segments such that wall
capacity based on the sheathing to framing attachment
(shear wall nailing) is not limited by bottom plate attach-
ment for shear and/or uplift.

C4.3.6 Construction Requirements

C4.3.6.1 Framing Requirements: Framing require-
ments are intended to ensure that boundary members and
other framing are adequately sized to resist induced loads.

C4.3.6.1.1 Tension and Compression Chords: SDPWS
Equation 4.3-7 provides for calculation of tension and
compression chord force due to induced unit shear acting
at the top of the wall (e.g., tension and compression due
to wall overturning moment). To provide an adequate load
path per SDPWS 4.3.6.4.4, design of elements and connec-
tions must consider forces contributed by each story (i.e.,
shear and overturning moment must be accumulated and
accounted for in the design).

C4.3.6.1.2 Tension and Compression Chords of Per-
forated Shear Walls: SDPWS Equation 4.3-8 provides for
calculation of tension force and compression force at each
end of a perforated shear wall, due to shear in the wall,
and includes the term 1/C, to account for the non-uniform
distribution of shear in a perforated shear wall. For ex-
ample, a perforated shear wall segment with tension end
restraint at the end of the perforated shear wall can develop
the same shear capacity as an individual full-height wall
segment (7).

C4.3.6.3 Fasteners: Details on type, size, and spacing
of mechanical fasteners used for typical shear wall assem-
blies in Table 4.3A, 4.3B, 4.3C, and 4.3D are provided in
SDPWS 4.3.7 Shear Wall Systems.

(C4.3.6.3.1 Adhesives: Adhesive attachment of shear
wall sheathing is generally prohibited unless approved
by the authority having jurisdiction. Because of limited
ductility and brittle failure modes of rigid adhesive shear
wall systems (38) such systems are limited to seismic
design categories A, B, and C and the values of R and
Q, are limited (R =1.5 and Q, = 2.5 unless other values
are approved). If adhesives are used to attach shear wall
sheathing, the effects of increased stiffness (see C4.1.3
and C4.2.5), increased strength, and potential for brittle
failure modes corresponding to adhesive or wood failure,
should be addressed.
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Tabulated values of apparent shear stiffness, G,, are
based on assumed nail slip behavior (see Table C4.2.2D)
and are therefore not applicable for adhesive shear wall
systems where shear wall sheathing is rigidly bonded to
shear wall boundary members.

C4.3.6.4.1.1 In-plane Shear Anchorage for Perforated
Shear Walls: SDPWS Equation 4.3-9 for in-plane shear
anchorage includes the term 1/C, to account for non-
uniform distribution of shear in a perforated shear wall.
For example, a perforated shear wall segment with tension
end restraint at the end of the perforated shear wall can
develop the same shear capacity as an individual full-
height wall segment (7).

C4.3.6.4.2.1 Uplift Anchorage for Perforated Shear
Walls: Attachment of the perforated shear wall bottom
plate to elements below is intended to ensure that the wall
capacity is governed by sheathing to framing attachment
(shear wall nailing) and not bottom plate attachment for
shear (see C4.3.6.4.1.1) and uplift. An example design (7)
provides typical details for transfer of uplift forces.

(C4.3.6.4.3 Anchor Bolts: Plate washer size and loca-
tion are specified for anchoring of wall bottom plates
to minimize potential for cross-grain bending failure in
the bottom plate (see Figure C4.3.6.4.3). For a 3" x 3"
plate washer centered on the wide face of a 2x4 bottom
plate, edges of the plate washer are always within 1/2" of
the sheathed side of the bottom plate. For wider bottom
plates, such as 2x6, a larger plate washer may be used so
that the edge of the plate washer extends to within 1/2”
of the sheathed side, or alternatively, the anchor bolt can
be located such that the 3" x 3" plate washer extends to
within 1/2" of the sheathed side of the wall.

The washer need not extend to within 1/2” of the
sheathed edge where sheathing material unit shear capacity
is less than or equal to 400 plf nominal. This allowance
is based on observations from tests and field performance
of gypsum products where sheathing fastener tear-out or
sheathing slotting at fastener locations were the dominant
failure modes. Other sheathing materials with unit shear
capacity less than 400 plf nominal are included in this
provision based on the judgment that the magnitude of unit
uplift force versus sheathing type is the significant factor
leading to potential for bottom plate splitting.

Cyclic testing of wood structural panel shear walls
(25 and 30) forms the basis of the exception to the 1/2"
distance requirement. In these tests, edge distance was not
a significant factor for shear walls having full-overturning
restraint provided at end posts. Overturning restraint of
wall segments coupled with the nominal capacity of walls
tested were viewed as primary factors in determining wall
performance and failure limit states.

Bottom plate anchor straps can also be effective in

Figure C4.3.6.4.3 Distance for Plate
Washer Edge to
Sheathed Edge

,J\f,

1/2" maximum

Plate washer edge
Sheathed edge

of bottom plate\

mitigating cross-grain bending failure in the bottom plate
provided they have been properly tested, load rated, and
installed on the sheathed side of the bottom plate.

C4.3.6.4.4 Load Path: Specified requirements for
shear, tension, and compression in SDPWS 4.3.6 are to
address the effect of induced unit shear on individual wall
elements. Overall design of an element must consider
forces contributed from multiple stories (i.e., shear and
moment must be accumulated and accounted for in the
design). In some cases, the presence of load from stories
above may increase forces (e.g., effect of gravity loads on
compression end posts) while in other cases it may reduce
forces (e.g., effect of gravity loads reduces net tension on
end posts).

Consistent with a continuous load path for individual
full-height wall segments and force transfer shear walls,
a continuous load path to the foundation must also be
provided for perforated shear walls. Consideration of
accumulated forces (for example, from stories above) is
required and may lead to increases or decreases in mem-
ber/connection requirements. Accumulation of forces will
affect tie-downs at each end of the perforated shear wall,
compression resistance at each end of each perforated
shear wall segment, and distributed forces, v and ¢, at each
perforated shear wall segment. Where ends of perforated
shear wall segments occur over beams or headers, the beam
or header will need to be checked for vertical tension and
compression forces in addition to gravity forces. Where

AMERICAN FOREST & PAPER ASSOCIATION

(v
(=)
=
=
m
P
-
>
)
<
>
-
m
)
>
-
-
(=]
)
(2]
m
)
m
»
(7]
=
=
(]
%)
=<
(7]
-
m
=
(7]



SDPWS COMMENTARY: LATERAL FORCE-RESISTING SYSTEMS

adequate collectors are provided to distribute shear, the
average shear in the perforated shear wall above (e.g.,
equivalent to design shear loads), and not the increased
shear for anchorage of upper story wall bottom plates to
elements below (7), needs to be considered.

C4.3.7 Shear Wall Systems

Requirements for shear wall sheathing materials,
framing, and nailing are consistent with industry recom-
mendations and building code requirements. The minimum
width of the nailed face of framing members and block-
ing for all shear wall types is 2” nominal with maximum
spacing between framing of 24". Edges of wood-based
panels (wood structural panel, particleboard, and structural
fiberboard) are required to be backed by blocking or fram-
ing except as specified in 4.3.3.2. In addition, fasteners are
to be placed at least 3/8” from edges and ends of panels
but not less than distances specified by the manufacturer
in the manufacturers’ literature or code evaluation report.

(C4.3.7.1 Wood Structural Panel Shear Walls: For wood
structural panel shear walls, framing members or block-
ing is required at edges of all panels except as specified
in 4.3.3.2 and a minimum panel dimension of 4’ x 8’ is
specified except at boundaries and changes in framing.
Shear wall construction is intended to consist primarily of
full-size sheets except where wall dimensions require use
of smaller sheathing pieces (e.g. where shear wall height
or length is not in increments of 4’, shear wall height is less
than a full 8, or shear wall length is less than 4"). Racking
tests conducted on 4.5’ x 8.5" blocked shear walls showed
similar performance whether sheathed length and height
consisted of: one 4'x8’ panel and two 6” wide sheathing
pieces to make up the height and length, or one 2.5" x 6.5’
panel and two 2’ wide sheathing pieces to make up the
height and length (14).

C4.3.7.1(4): A single 3x framing member is specified
at adjoining panel edges for cases prone to splitting and
where nominal unit shear capacity exceeds 700 plf in
seismic design categories (SDC) D, E, and F. An alterna-
tive to single 3x framing, included in SDPWS, and based
on principles of mechanics, is the use of 2-2x “stitched”
members adequately fastened together. Cyclic tests of
shear walls confirms that use of 2-2x members nailed (22,
25, and 30) or screwed (33) together results in shear wall
performance that is comparable to that obtained by use of a
single 3x member at the adjoining panel edge. Attachment
of the 2-2x members to each other is required to equal or
exceed design unit shear forces in the shear wall. As an
alternative, a capacity-based design approach can be used
where the connection between the 2-2x members equals
or exceeds the capacity of the sheathing to framing attach-

ment. Where fastener spacing in the “stitched” members at
adjoining panel edges is closer than 4” on center, staggered
placement is required.

For sheathing attachment to framing with closely
spaced or larger diameter nails, staggered nail placement
at each panel edge is intended to prevent splitting in the
framing member (see Figure C4.2.7.1.1(3)).

C4.3.7.2 Shear Walls using Wood Structural Panels
over Gypsum Wallboard or Gypsum Sheathing Board:
Shear walls using wood structural panels applied over
gypsum wallboard or gypsum sheathing are commonly
used for exterior walls of buildings that are fire-rated for
both interior and exterior exposure. For example, a one-
hour fire resistance rating can be achieved with 5/8” Type
X gypsum wallboard.

Nominal unit shear capacities and apparent shear stiff-
ness values in Table 4.3B for 8d and 10d nails are based on
nominal unit shear capacities and apparent shear stiffness
values in Table 4.3A for 6d and 8d nails, respectively, to
account for the effect of gypsum wallboard or gypsum
sheathing between wood framing and wood structural
panel sheathing. Tests of 3/8” wood structural panels over
1/2" and 5/8" gypsum wallboard support using lower nomi-
nal unit shear capacities associated with smaller nails (18).

C4.3.7.3 Particleboard Shear Walls: Panel size re-
quirements are consistent with those for wood structural
panels (see C4.3.7.1). Apparent shear stiffness in SDPWS
Table 4.3A is based on assumptions of relative stiffness
and nail slip (see C4.2.2 and C4.3.2). For closely spaced
or larger diameter nails, staggered nail placement at each
panel edge is intended to prevent splitting in the framing
member (see figure C4.2.7.1.1(3)).

(C4.3.7.4 Structural Fiberboard Shear Walls: Panel size
requirements are consistent with those for wood structural
panels (see C4.3.7.1). Apparent shear stiffness in SDPWS
Table 4.3A is based on assumptions of relative stiffness
and nail slip (see C4.2.2 and C4.3.2). Minimum panel
edge distance for nailing at top and bottom plates is 3/4" to
match edge distances present in cyclic tests of high aspect
ratio structural fiberboard shear walls (29).

C4.3.7.5 Gypsum Wallboard, Gypsum Veneer Base,
Water-Resistant Backing Board, Gypsum Sheathing, Gyp-
sum Lath and Plaster, or Portland Cement Plaster Shear
Walls: The variety of gypsum-based sheathing materials
reflects systems addressed in the model building code
(2). Appropriate use of these systems requires adherence
to referenced standards for proper materials and instal-
lation. Where gypsum wallboard is used as a shear wall,
edge fastening (e.g. nails or screws) in accordance with
SDPWS Table 4.3C requirements should be specified and
overturning restraint provided where applicable (see
SDPWS 4.3.6.4.2). Apparent shear stiffness in SDPWS
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Table 4.3C is based on assumptions of relative stiffness and
nail slip (see C4.2.2 and C4.3.2). The nominal unit shear
capacity and apparent shear stiffness values for plain or
perforated gypsum lath with staggered vertical joints are
based on results from cyclic tests (31). Unit shear capacity
and apparent shear stiffness values are larger than those
for plain or perforated gypsum lath where vertical joints
are not staggered.

C4.3.7.6 Shear Walls Diagonally Sheathed with
Single-Layer of Lumber: Diagonally sheathed lumber
shear walls have comparable strength and stiffness to many
wood structural panel shear wall systems. Apparent shear
stiffness in SDPWS Table 4.3D is based on assumptions
of relative stiffness and nail slip (see C4.2.2 and C4.3.2).
Early reports (24) indicated that diagonally sheathed
lumber shear walls averaged four times the rigidity of
horizontally sheathed lumber walls when boards were
loaded primarily in tension. Where load was primarily in

compression, a single test showed about seven times the
rigidity of a horizontally sheathed lumber wall.

C4.3.7.7 Shear Walls Diagonally Sheathed with Dou-
ble-Layer of Lumber: Double diagonally sheathed lumber
shear walls have comparable strength and stiffness to many
wood structural panel shear wall systems. Apparent shear
stiffness in SDPWS Table 4.3D is based on assumptions
of relative stiffness and nail slip (see C4.2.2 and C4.3.2).

C4.3.7.8 Shear Walls Horizontally Sheathed with
Single-Layer of Lumber: Horizontally sheathed lumber
shear walls have limited unit shear capacity and stiffness
when compared to those provided by wood structural panel
shear walls of the same overall dimensions. Early reports
(21 and 24) attributed strength and stiffness of lumber
sheathed walls to nail couples at stud crossings and veri-
fied low unit shear capacity and stiffness when compared
to other bracing methods.

C4.4 Wood Structural Panels Designed to Resist
Combined Shear and Uplift from Wind

C4.4.1 Application

Panels with a minimum thickness of 7/16" and
strength axis oriented parallel to studs are permitted
to be used in combined uplift and shear applications
for resistance to wind forces. Tabulated values of
nominal uplift capacity (see SDPWS Table 4.4.1)
for various combinations of nailing schedules and
panel type and thickness are based on calculations in
accordance with the National Design Specification
(NDS) for Wood Construction and verified by full-
scale testing (39 and 40).

ASD and LRFD unit uplift and shear capacities are
calculated as follows from nominal unit uplift and shear
values.

ASD unit uplift capacity for wind, uyasp):

uW
U, aspy = ﬁ (C4.4.1-1)
ASD unit shear capacity for wind, vy asp):
VH/
Viv(asp)y = > (C4.4.1-2)
where:

2.0 = ASD reduction factor

LRFD unit uplift capacity for wind, uyrep).

U, (LrFpy = 0.65u,, (C4.4.1-3)
LRFD unit shear capacity for wind, vy rep):
Vyrepy = 0-8v,, (C4.4.1-4)

where:
0.65 = resistance factor, ¢,, for connections

0.8 = resistance factor, ¢p, for shear walls and
diaphragms

Examples C4.4.1-1 and C4.4.2-1 illustrate how the
values in SDPWS Tables 4.4.1 and 4.4.2, respectively,
were generated. Tabulated values of nominal uplift capac-
ity in Table 4.4.1 and Table 4.4.2 are based on assumed
use of framing with specific gravity, G, equal to 0.42. An
increase factor is provided in table footnotes to adjust
values for effect of higher specific gravity framing on the
strength of the nailed connection between sheathing and
framing. Where lower specific gravity framing is used,
reduced values of nominal uplift capacity are applicable
based on the effect of lower specific gravity framing on
the strength of the nailed connection between sheathing
and framing — for example, the reduction factor is 0.92
for framing with G=0.35. Adjustment factors over a range
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of framing specific gravity can be determined as follows:
Specific Gravity Adjustment Factor =[1-(0.5-G)]/0.92 for
0.35<G<0.49.

C4.4.1.2 Panels: Full-scale testing (see C4.4.1) uti-
lized panels with strength axis oriented parallel to studs.
NDS nail connection capacities are independent of panel
strength axis orientation, however, panel strength in ten-
sion perpendicular to the strength axis is typically less
than panel strength in tension parallel to the strength axis.
For applications where panel strength axis is oriented
perpendicular to studs, manufacturer recommendations
should be followed.

C4.4.1.6. Sheathing Extending to Bottom Plate or Sill
Plate: Construction requirements for use of wood structural
panels to resist uplift and shear closely match construc-
tion present in verification tests. For example, testing of
shear walls resisting uplift and combined uplift and shear
used 16" o.c. anchor bolt spacing, 3"x3" plate washers,
and nails with minimum 1/2" to 3/4" panel edge distance
depending on the number of rows of nails. Anchor bolt
spacing and size and location of plate washers were found
to be important factors enabling strength of the sheathing
to bottom plate connection to develop prior to onset of
bottom plate failure. Where other anchoring devices are
used, it is intended that spacing not exceed 16" o.c. and in
addition that such devices enable performance of walls to
be comparable to those tested with required anchor bolts
and plate washers.

C4.4.1.7 Sheathing Splices: In multi-story applica-
tions where the upper story and lower story sheathing
adjoin over a common horizontal framing member, the
connection of the sheathing to the framing member can
be designed to maintain a load path for tension and shear.
It is recognized that wood is directly stressed in tension
perpendicular to grain in some details; however, those
cases are prescriptively permitted and also limited to nail
size and spacing verified by testing. Splice panel orienta-
tion does not affect capacity of the sheathed tension splice
joint and therefore panel orientation can be either parallel
or perpendicular to studs.

C4.4.1.7(1) Where sheathing edges from the upper
and lower story meet over a common horizontal framing
member, wood stressed in tension perpendicular to grain
is relied upon directly to maintain load path for tension
(see Figure C4.4.1.7(1)). The location of sheathing splices
need not occur at mid-height of the horizontal framing.
Wall height, floor depth, available panel lengths, and
maintaining minimum edge distances between sheathing
nails and framing will influence the practical location of
the sheathing splice in the horizontal framing member.
Wood member stresses in this application are limited to
that which can be developed with nail spacing to 3" o.c.

(minimum) for a single-row and 6" o.c. (minimum) for a
double-row at each panel edge based on results from test-
ing. Limiting tension stresses perpendicular to grain in
horizontal framing members is accomplished by limiting
nail spacing to 3" o.c. (minimum) for a single-row and
6" o.c. (minimum) for a double-row. This limitation does
not preclude use of more closely spaced nails where the
horizontal framing member is an engineered rim board
or similar product that can resist higher induced tension
stresses perpendicular to grain. Follow manufacturers'
recommendations for minimum nail spacing permitted
for this application.

Figure C4.4.1.7(1) Panel Splice Over
Common Horizontal
Framing Member

\
A\ Panel splice need not
\\ occur at mid-height of

/ U ,~ horizontal framing

/ ]
/ . 7

T

For engineered rim board
product, see manufacturer's
recommendations

C4.4.1.7(2) The panel splice across studs detail in
Figure 41 relies on increased nailing between vertical
framing (e.g. studs) and sheathing to transfer tension forces
while shear is transferred through nailed connections to
horizontal framing such as horizontal blocking. This detail
assumes no direct loading of framing members in tension
perpendicular to grain for development of the tension load
path. Additional nailing between sheathing and vertical
framing on each side of the panel splice maintains load
path for tension. Where the panel is continuous between
stories, as shown in Figure 41, one option to maintain load
path for shear utilizes attachment of sheathing to wall plate
framing as shown in Figure C4.4.1.7(2).

C4.4.2 Wood Structural Panels
Designed to Resist Only Uplift
from Wind

Panels with a minimum thickness of 3/8" are permitted
to be used in this application to resist uplift from wind only
when panels are installed with the strength axis parallel
to studs (see SDPWS 4.4.1 for provisions on resistance
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to combined shear and uplift from wind). Tabulated unit
uplift capacities are applicable for wood structural panels
with 3/8" and greater thickness. For applications where

panel strength axis is oriented perpendicular to studs,
manufacturer recommendations should be followed.

Figure C4.4.1.7(2)

Detail for Continuous Panel Between Levels (Load Path for

Shear Transfer Into and Out of the Diaphragm Not Shown)

Spacing for shear
in upper level

|
|
|
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Spacing for shear
in lower level

Fasteners for shear load
path in framing above and
below the diaphragm

o
o
)

e v

Continous panel between levels

EXAMPLE C4.4.1-1 Calculate Nominal Uplift Capacity for Combined Uplift and

Shear Case

Calculate the nominal uplift capacity in SDPWS Table
4.4.1 for a wood structural panel shear wall constructed
as follows:

Sheathing grade Structural I (OSB)
Nail size = 10d common
(0.148" diameter, 3"
length)
Minimum nominal panel
thickness = 15/32"

Nailing for shear = 6" panel edge spacing
(2 nails per foot), 12"
field spacing
Alternate nail spacing at top

and bottom plate edges =

3" (single row, 4 nails
per foot)

Nails from alternate
nail spacing — Nails
available for shear
only

= 4 nails per foot — 2
nails per foot = 2 nails
per foot

Nails available for uplift

Z =82 Ib NDS Table 11Q (Main member:
G = 0.42 (SPF), Side member: 15/32” OSB)
Cp =1.6 NDS Table 2.3.2
Z'=821bx1.6=1311b

Allowable uplift capacity = 131 lb x 2 nails/foot = 262
plf

Nominal uplift capacity = 262 plf x ASD reduction
factor

Nominal uplift capacity = 262 plf x 2 = 524 plf
SDPWS Table 4.4.1

When subjected to combined shear and wind uplift
forces, the calculation for nominal uplift capacity is based
on the assumption that nails resist either shear or wind
uplift forces.
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SDPWS COMMENTARY: LATERAL FORCE-RESISTING SYSTEMS

EXAMPLE C4.4.2-1 Calculate Nominal Uplift Capacity for Wind Uplift Only Case

Calculate nominal uplift capacity, in SDPWS Table
4.4.2 for wood structural panel sheathing over framing

constructed as follows:

Sheathing grade
Nail size

Minimum nominal panel
thickness

Alternate nail spacing at
top and bottom plate
edges

Nails available for uplift

Structural I (OSB)
10d common
(0.148" diameter, 3"
length)

3/8"

3" (single row, 4 nails
per foot)

Nails from alternate
nail spacing

4 nails per foot

Z =78 1b NDS Table 11Q (Main member:
G = 0.42 (SPF), Side member: 3/8” OSB)

C, =16
7' =78x1.6=1251b

NDS Table 2.3.2

Allowable uplift capacity = 125 Ib x 4 nails/ft = 500 plf

Nominal uplift capacity = 500 plf x ASD reduction

factor

Nominal uplift capacity = 500 plf x 2 = 1,000 plf

SDPWS Table 4.4.2

AMERICAN WOOD COUNCIL
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