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Abstract

Main lateral force resisting systems (MLFRS) inlten buildings consist of two
components: diaphragms and shear walls. Diaphragengsed to collect the shear induced by
the lateral force at each of the levels. The slsetmansferred from the diaphragms to the shear
walls via plywood sheathing and connections. Threaskwalls transfer shear to the sill plate via
plywood sheathing and then into the foundationaviehors.

Two approaches for designing shear wall are: thensated shear wall approach and the
perforated shear wall approach. The segmented sradlaapproach uses only full height
segments to resist shear; each individual segmast be designed to resist the shear and
overturning force induced by the lateral load. Peeforated shear wall approach uses both full
height segments and segments around openinggdbgiesar; the wall as a whole is used to
resist shear and overturning forces induced byateeal load.

This report examines one-, two-, and three-stampér buildings located in three
different wind regions: a) 115 mph, b) 140 mph, apd60 mph. This report presents the design
process for the MLFRS components and a comparisthrealesigns for each of the buildings.
The purpose of this report is to determine howdigign changes depending on the magnitude

of the lateral load, the height of the buildingddhe approach used to design the shear walls.
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Chapter 1 - Introduction

In timber construction, the main lateral force séag system (MLFRS) consists of two
main components: (1) wood diaphragms and (2) sials. These components act together to
resist vertical gravity loads in addition to resigthorizontal shear induced by lateral forces. The
diaphragms, consisting of wood sheathing conndciéioe supporting structure by nails or
screws, transfer both lateral and gravity loads the shear walls.

Shear walls carry the load from the diaphragm&édfdundation through shear. These
shear walls consist of wood sheathing connectedgsther nails or screws, to 2 x or 3 x stud
framing. The sheathing may be on one side or hd#s©f the studs, depending on the required
capacity of the shear wall; single-sided sheatsripe most common. Shear wall capacity can
be determined by any of the following methods:9dgmented shear wall design, (2) perforated
shear wall design or (3) force-transfer shear dedlign. The force-transfer method is allowed by
the 2012 International Building Code (IBC), howettas method requires more detailing than
the other two methods and is beyond the scopeoféport.

For both components of the MLFRS, the intensityheflateral loads is used to determine
the type of sheathing, the type of connectors,thadpacing of connectors. For diaphragms,
gravity loads are used, except in areas of higldwim determine sheathing thickness. Lateral
loads are used to determine the orientation oivibed sheathing and the blocking requirements
for the diaphragms. For shear walls, the interditye lateral load is used to determine the
thickness of the sheathing. Lateral load intersi$p determines the required length and location
of the shear walls, as well as the anchoring tegmeboth sliding and uplift. With all of the
different components of both diaphragms and shedls\that must be considered when
designing a MLFRS, it is very important to undenst&iow these components fit together, how
loads are transferred between elements, and hointdresity of the lateral force affects the
overall design. The focus of this report is to exsan example building under varying
conditions. The building is placed in three differéocations within the United States with
varying wind strength level speeds, a) 115 mph,48) mph, and ¢) 160 mph, in order to
ascertain the impact that lateral forces due tavigive on the design of the MLFRS for timber
structures. The building is varied in height inertb show the impact on the design of one-,

two- and three-story buildings, for a total of nsteuctures for this parametric study. The



exterior dimensions for each of the buildings adt6by 100 ft. The floor-to-floor height for

each of the buildings is 12 ft., giving mean roefghts of 12ft., 24 ft. and 36 ft. respectively.
Each of the buildings has a flat roof with a Zofirapet above the mean roof height. The building
floor plan is shown ifrigure 1-1. The basics of MLFRS component design, includipgegions

and the governing building codes, are presentedtardeach of the nine designs are presented
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Figure 1-1: Typical Floor Plan



Chapter 2- MLFRS Components

Diaphragms

Diaphragms are one of the main components that bausbnsidered when designing any
building’s main lateral force resisting system. Thuwgpose of diaphragms is to transfer the lateral
load into the shear walls, which carry the loath®foundation. This lateral load is due to either
seismic or wind loading; the focus of this repsrsirictly lateral loads due to wind loads. The
total wind load applied to each diaphragm can lierdened by taking the wind load, in pounds
per square foot, multiplied by the tributary widithis width for floor diaphragms is half the
story height below plus half the story height ah@ssuming simply supported wall studs. This
width for roof diaphragms is half the story heigletow plus the full height of the parapet,
assuming simply supported wall studs and a camtitg\/parapet. This gives a distributed wind
load into the diaphragmy, in pounds per linear foot (plf).

Since the diaphragm is plywood, it can be desigreed “flexible” diaphragm per ASCE
7-05 Section 12.3.1.1 rather than a “rigid” diagma In a flexible diaphragm, the forces are
calculated using statics; the diaphragm can bdimehinto a simply supported member
spanning from shear wall to shear wall. This isdose the diaphragm lacks the stiffness to make
the building act as a unit, therefore there aradutitional forces induced into the shear walls due
to torsion. The total shear in a flexible diaphraggm be determined by multiplying the
distributed wind loady, by half the length of the wall perpendicular te thind,L. Typically, a
distributed unit sheaw, is used when designing a diaphragm, thereforéotiaé shear must be
divided by the length of wall parallel to the wira, This can be expressed by Equation 2-1 and
is depicted irFigure 2-1:

= ‘2*"_; (EQ 2-1)
Where:= distributed unit shear, plf.
we= distributed wind load into diaphragm, plf.
L = length of wall perpendicular to wind, ft.

=bength of wall parallel to wind, ft.
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Figure 2-1: Diaphragm Unit Shear

Once the distributed unit shear is determinedstieathing and nailing pattern can be
selected. For this, Tables 4.2A and 4.2B providethe American Forest and Paper Association
and the American Wood Council within the 2008 Sakbesign Provisions for Wind and
Seismic (SPDWS) can be used. These values arothimal shear capacities of the diaphragms
and are based on the type and thickness of shgathasize and spacing of nailing, the
thickness of diaphragm framing members, and theuiagf the sheathing. Since the listed
capacities are nominal shear capacities, they bmiatljusted for Allowable Stress Design
(ASD) and Load and Resistance Factor Design (LRFD this report, ASD is used because it
is the primary design method used for timber catsiton; for ASD, all values from the SDPWS
design table must be divided by 2.0 (SPDWS 2008 &8¢3).

When designing the diaphragm, the layout of thee[sacan greatly affect the capacity of
the diaphragm. This is because sheathing typicalhges in 4ft. x 8 ft. sections, therefore each
sheet has a strong and weak direction due to teatation of the plies of the sheathing; the
sheathing is strongest for in-plane shear whersltlogt, 4 ft., dimension is parallel to the
diaphragm framing, with the lateral load also aggblparallel to the framing. Six different

layouts for sheathing must be considered (APA 2007)

» Case #1: Lateral loading is parallel to the framingh the short dimension of the
sheathing parallel to the framing. The sheathirggaggered perpendicular to the
load with the continuous panel edge perpendicoldng framing.

» Case #2: Lateral loading is perpendicular to thenfng, with the short dimension
of the sheathing parallel to the framing. The dhiegtis staggered perpendicular
to the load with the continuous panel edge partléhe framing.
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» Case #3: Lateral loading is perpendicular to taenfng, with the short dimension
of the sheathing parallel to the framing and thetiomous panel edge
perpendicular to the framing.

» Case #4: Lateral loading is parallel to the framingh the short dimension of the
sheathing parallel to the framing and the contirsysanel edge parallel to the
framing.

» Case #5: Lateral loading is parallel to the framingh the short dimension of the
sheathing parallel to the framing and continuousepadges both perpendicular
and parallel to the framing.

» Case #6: Lateral loading is perpendicular to taenfng, with the short dimension
of the sheathing parallel to the framing and cardirs panel edges both

perpendicular and parallel to the framing.

For any diaphragm, two cases will apply; one foewkwind is applied in the transverse
direction and another when wind is applied in thagitudinal directionFigure 2-2 depicts each

of the diaphragm sheathing cases.

CASE 1 CASE 2 CASE 3
Jljoaf \ Framing LTG \.. Framing L?Lad -\\Frammg
I —— RRNRERR; HHH]
T TIITTT] A HHFS
|“\llllll‘l ! _____E
DT T T T ] [ALTTTITELT anlimlimlm
\Continuous Panel Joint ' Continuous Panel Joint Continucus Panel Joint
CASE 4 CASE 5 CASE 6
oad \.Framing L?Laf \ Framing Load V Framing

\

vl

1 y

— \
\ W

T

Continuous Panel Joint Continuous Panel Joint A= Continuous Panel Joint

Figure 2-2: Diaphragm Sheathing Cases

When choosing the sheathing cases, it is impottalaok at the blocking options that are
available for each of the cases. Diaphragm blockiymgcally in the form of 2 x members, is

provided along the unsupported edges of each afltbathing panels. This increases the overall
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in-plane shear capacity of the diaphragm. In tlee @d an unblocked diaphragm, the governing
failure mode is buckling of the unsupported pamigles this means that there is a point at which
increasing the number of nails per panel will marease the shear capacity of the diaphragm.
Providing blocking along these edges changes tliergong failure mode to nail shear, therefore
increasing the number of nails per panel will iase the panel’s capacity, up to a certain point.
When comparing an unblocked and a blocked diaphraigmthe same nailing pattern, the
blocked diaphragm will have a capacity 1.5 to 2esngreater than that of the unblocked
diaphragm (APA 2007). Due to their greater capasjtand for ease of comparison, only blocked
diaphragms are considered for this report. Thesghdagms must meet the aspect ratio of 4:1
listed inTable 2-1, where L is the length of the long side of the diagim and W is the length

of the short side (SDPWS 2008 Sec. 4.2.4 ). Thpqa# of these ratios is to prevent excessive
deflection of the diaphragm and to allow for the o$ accepted diaphragm deflection equations
provided by the 2008 SDPWS Section 4.2.2.

Table 2-1: Maximum Diaphragm Aspect Ratios (L/W)

Wood Structural Panels, Unblocked 3:1
Wood Structural Panels, Blocked 4:1
Single-Layer Straight Lumber Sheathing 2:1
Single-Layer Diagonal Lumber Sheathing 31
Double-Layer Diagonal Lumber Sheathing 4:1

In addition to designing the sheathing to resistlateral loads, the diaphragm chords —
the members on either side of the diaphragm perpeliad to the applied lateral force — must be
designed to resist the axial load induced by tterdhload. This axial load can be calculated by
determining the momenk), caused by the distributed wind lo&ad,and then dividing by the
width of the diaphragm parallel to the wird, This can be expressed by Equation 2-2 and is
depicted inFigure 2-3:



p_M_wl (EQ 2-2)
b 8hb
Where: P = axial load (tension or compression), Ibs.
w= distributed wind load into diaphragm, pilf.
L = length of wall perpendicular to wind, ft.

= width of the diaphragm parallel to wind, ft.

|
|

TENSION
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b
COMPRESSION
T T
w

Figure 2-3: Diaphragm Chord For ces

This axial load can be either tension or compressiepending on the chord member location
and the direction of the lateral loading.

Once the axial load is known, the chords are aesido resist these loads. The chords
are designed as tension and compression membagsthsi equations provided by the 2012
NDS for tension and compression capacities. Thieseds consist of multiple members stacked
and spliced together by nails. Multiple wood mershbaust be used because building widths are
greater than the standard lengths of wood memWénen determining the stress due to the axial
force in pounds per square inch, the units typyaadled to compare loading to capacity, one of
the members in the chord must be neglected whemrdegting the tensile force; this results in a
higher tensile stress than compressive stressteds®n one of the members is neglected for
tension is because at the chord splices one notircons member occurs; the tensile force
normally carried by the non-continuous member rbestarried by the continuous members at
splices. When designing for compression, all ofrtreambers in the chords can be considered
continuous along the length of the diaphragm, floeeethe full area of each chord can be used to

resist the compressive fordeéigure 2-4 shows a splice detail for a chord with two members
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Figure 2-4: Chord Splice Detail

In addition to designing the sheathing and chtodsesist lateral loads, the diaphragm
must also be designed to resist gravity loads.jdisés themselves are designed to resist the
gravity loads determined using accepted codes @andi@rds; the spacing, size, and span of these
joists are dependent on these loads. Bending agat shpacities of these joists can be
determined using capacity equations within in ta@2NDS. Alternatively, TJI joists can be
specified based on span tables provided by the faatnwer. The sheathing must also be
designed to resist the gravity loads; sheathingcapis based on the spacing of joists, type of
sheathing, and the thickness of sheathing and eaetermined using span tables within the
2012 IBC. In areas with lower wind speeds, gralogds will often govern over lateral loads

when sheathing is being selected for diaphragms.

Shear Walls: Segmented vs. Perforated

Lateral loads are transferred from the diaphrageasting into the sill joist and then into
the top plate of the shear wall. The load is tmangferred to the sill plate, via the sheathing and
nailing, and into the foundation through the shealt anchors. When designing the shear walls
for a timber structure, two main design methodadegire used. 1) the segmented shear wall
approach, uses only full height panels (sectiorshefr walls with no openings) to resist the
applied lateral load, therefore each segment acém andividual shear wall. 2) the perforated
shear wall approach, uses the sheathing aboveeaow the openings along with the full height
sections of panels to resist the applied laterd |oherefore all of the segments act as a single
shear wall. Both methods are showrkigure 2-5. Both of these methods are allowed by the
2012 IBC and are widely used in structural consgltBoth methods are compared within this

report to determine which is more effective forigagurposes.
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Figure 2-5: Shear Wall Types

Segmented Shear Wall Approach

In the segmented shear wall approach, the sectishear wall must not contain any
openings and must also meet the aspect ratiod listeable 2-2 (SDPWS 2008 Sec. 4.3.4). The
purpose of these ratios is to ensure that the shahdeflection can be accurately predicted
using accepted shear wall deflection equationsigeavby the 2008 SDPWS Section 4.3.2. The
height of a shear wall panel for a multi- storylBing is the floor-to-floor height (the section of
shear wall spanning between diaphragms) ratherttieaantire height of the wall. For this
report, the distance from the top of diaphragm stieg to the top of diaphragm sheathing is
used for the floor-to-floor height. If openings accthe section of shear wall above and below
the opening is not taken into account. If the secéxceeds the listed aspect ratio, a ratio of the
panel height, H, to the panel width, W, it cannetused. The segmented shear wall method is
based on the idea that each of the shear walbsiscéict as individual shear walls; each section is

designed for the moment and the resulting coupthershear wall chords in each segment.

Table 2-2: Maximum Shear Wall Aspect Ratios (H/W)

Wood Structural Panels, Unblocked 2:1
Wood Structural Panels, Blocked 3% :1
Diagonal Sheathing, Conventional 2:1
Particleboard, Blocked 2:1

To determine the shear capacity of d,\walengineer must first determine which wall
segments may be considered as the effective stalpanels. This is done by determining the
aspect ratios of each of the individual full heighhels and comparing these values to the
appropriate maximum allowable aspect ratio. Oneeishdetermined, the widths of the

individual effective shear panels are added togdthdetermine the shear wall’s effective length



(length of the shear wall that can be used to teaateral forces). The distributed unit shear,
in pounds per linear foot, acting on the sectians mow be determined. This is done by
summing the shear forces that are transferredftovall from the diaphragms above and
dividing by the effective length of the shear wathis can be expressed by Equation 2-3:

V

-5 (EQ 2-3)

v

Where:v = distributed unit shear, plf
\£ total shear in shear wall, Ibs.

>'L = sum of shear wall lengths, ft.

Once the loading is known, the type of sheathing,type and spacing of nails, and
whether sheathing one or both sides of the shelhmabe used to carry the load is
determined. These items are typically designedguBables 4.3A and 4.3B in the 2008 SDPWS.
These tables give the nominal shear capacity ofhlear walls based on the type and thickness
of sheathing and the size and spacing of naileSime listed capacities are nominal shear
capacities, they must be adjusted. For this rep@D is used therefore all values from the
SDPWS design table must be divided by 2.0 (SPDWIB Bkc. 4.3.3).

Along with the sheathing, both the chords— the xtenembers on either end of a shear
wall segment- and the anchors for each of the shathisegments must also be designed. The
force,P, in each of the chords is for a single story bhogds determined by multiplying the
distributed unit shear by the overall height of segmenth. This is the same as dividing the
overturning moment for each segment by the disthebteeen chords to get the axial load. This

can be expressed by Equation 2-4 and is depictEdyur e 2-6:
P =vh (EQ 2-4)

WheRe= axial load (tension or compression), |bs.
v = distributed unit shear, plf
h = height of the segment, ft.

10
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Figure 2-6: Shear Wall Chord Forces

For multi-story buildings, the total chord forcetle sum of the distributed shear
multiplied by the distance to the shear wall bagestch level. For example, consider a two-
story building. The total chord force is the distiied unit shear induced at the roof multiplied by
the mean roof height plus the unit shear induceteasecond floor multiplied by the height from

the ground to second floor. This can be written as:

P= Vi-aafhi'ﬂﬂf * Vﬂﬂﬂ'l'hﬂﬂﬂ"' (EQ 2-5)

Note that the unit shear for the second floor isthe total collected shear, but rather the load
induced by the wind on that level; the roof shearat included.

Once the chord force is known, the capacities efctiords for both compression and
tension must be determined using equations prowidttn the 2012 NDS. These capacities are
compared to the calculated axial load to deterniitiee chords are adequate. Anchors for each
individual segment must also be designed to resit the overturning moment and the
distributed unit shear; an anchoring device is ireguat end of each shear wall segment, per
SDPWS 2008 Section 4.3.6.4.2.

Perforated Shear Wall Approach

The perforated shear wall method uses the sheadhioge and below openings as well
as the full height panels to resist lateral forades; based on the assumption that the entire wall
acts as a single unit (Breyer 2007). The framingvakand below the openings is not specifically
designed to transfer forces. Instead, the inhexemtinuity of the wall provided by typical
construction methods is relied upon to transfecdsraround openings. Typical construction
methods include double studs on either side obgening, a 2 x10 header with cripple studs
above (if required), and, for window openings, bsslicomposed of a double plate supported by

cripple studs beneath; sheathing is nailed to genimg’s framing memberEigure 2-7 gives an

11



j | example of typical framing for a window

| _——J—— crIPPLE STUD _ o
- (TYP.) opening. Because the framing is not

2 x 10 HEADER specifically designed to transfer forces,

1 wine sTUD the shear wall capacity and stiffness are

lower than what it could be with proper
- QUEEN STUD

framing detailing (Breyer 2007). The

T ES:TBELE SUBSILL  design process accounts for these two

facts within the equations. The main
CRIPPLE STUD

T ' (TYP.) advantages of this method over the

| | segmented shear wall method are that the

Figure 2-7: Typical Window Opening number of tie-down anchors required and
the number of chord members are reduced. The svaBsumed to act as a single unit, therefore
the overturning moment acts on the entire walleathan individual segments.

The perforated shear wall method was first intredlicy Professor Hideo Sugiyama at
the University of Tokyo in 1981. He created an ampl equation that took into account the
shear capacity and stiffness of the wall as a whidies equation was later tested extensively in
the United States by several groups, includingftinerican Plywood Association (APA), and
was found to be correct. The original equation ag@jsisted to make it similar to the segmented
shear wall approach in the hopes of it being aetkptore easily by engineers. The perforated
shear wall approach appeared for the first timén1995 edition of the American Forest and
Paper Association'g/ood-Frame Construction Manual for One- and Two-PamDwellings
(Douglas 1994). Since then, this method has beespaéed by multiple codes and standards.

Before the perforated shear wall method maydael ucertain requirements laid out by
the IBC must be met as well as the requiremen®008 SDPWS Section 4.3.5.3. These
requirements are based on the testing discusse ainol are provided to ensure that the shear
wall acts as a single unit. Since these requiresnam based on testing, they are subject to
change in the future as further testing is comgleidese requirements are the following
(SDPWS 2008 Sec. 4.3.5.3):

1. Afull height shear wall segment shall be locatedach end of a perforated

shear wall.
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2. The maximum unit shear capacity for wind loading,®35 plf for both single-
sided and double-sided sheathing.

3. Where out-of-plane offsets occur, the portions aflwn either side of the offset
must be designed separately.

4. Collector elements for the shear must be providexgathe entire length of the
perforated shear wall.

5. The elevations at both the top and bottom of tleastvall must be constant
throughout the entire length of the shear wall.

6. The maximum shear wall height allowed is 20 ft.

For perforated shear wall design, the distributeit shear and the chord forces require
more calculations than segmented shear walls. Etaswmnow acting as a single unit rather than
as individual segments; therefore, the interadbietween the full height segments and the
segments around openings must be considered. E#woh foill height segments within the
perforated shear wall has a different degree afaes for overturning forces and thus different
capacities. This means that some of the full hesglgiments, those that are fully restrained, are
taking a larger portion of the load than those #ratpartially restrained. Because of these
differences in capacities, a shear capacity adgustriactor, G, must be included to adjust for
the combination of fully and partially restrainezjments (Breyer 2007). This factor is used in
the equations used to determine the distributetisin@ar and the axial chord forces. This factor
can be determined using Table 4.3.3.4 in the 2@BVES, and is based on the height of the
openings in the shear wall and the percentageeashiear wall that consists of full height
segments. Values for,&ary from 0.36 to 1.0, with 1.0 being the maximuatue. For
perforated shear walls, the equation for distriduteit sheary, per SDPWS 2008 Sec.

4.3.6.4.1.1is:
V

v=C3i (EQ 2-6)

Where= distributed unit shear, plf.
V = total shear in shear wall, Ibs.
C, = shear capacity adjustment factor

> L = sum of lengths of full height segments, ft.
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A smaller G value yields a larger unit shear and a largevalue yields a smaller unit shear.
Ideally, perforated shear walls will have only & femall openings, giving a large alue,
thereby giving the lowest possible unit shear. ffaximum is set at 1.0 because greater values
would result in a reduction in the distributed shea

The forces in the chords also account for the staaacity adjustment factor. For
perforated shear walls, the equation for chorddeje, per SDPWS 2008 Sec. 4.3.6.1.2 is:

_ Vh
Y

(EQ 2-7)

Whertke(or C)= axial load (tension or compression), Ibs.
h = height of the segment, ft.
V = total shear in shear wall, Ibs.
Co = shear capacity adjustment factor
>'L = sum of lengths of full height segments, ft.

As with the unit shear, the greateyi€, the lower the axial force is and the lowgni<; the
greater the axial force.

Once the forces are determined, the design isaitalthat of the segmented shear wall
method, in that Tables 4.3A and 4.3B in the 200B\® are used to determine the type of
sheathing and the type and spacing of all nailligg chords must also be designed, only instead
of looking at the chords in each of the individfidl height segments, only the chords at the
ends of the perforated shear wall are consideriee.chord capacities are determined using
equations provided within the 2012 NDS. Shear armtarning anchors must also be designed,
however instead of designing and laying out overtg anchors for each of the full height
segments, overturning anchors for the shear wallvalole are designed and laid out. The shear
anchors are placed evenly along the entire lenfgtiheoshear wall. Anchors must also be
provided to resist a continuous distributed uptifce equal to the distributed unit shear along
the entire length. The shear anchors that havadjlreeen provided along the shear wall are

typically adequate enough to resist this uplifceowithout requiring additional anchors.
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For both methods, several other components musbiedered when designing a shear
wall. For example, shear wall framing, the size gpdcing of the studs, must be designed to
resist both axial (gravity) and lateral (componemtd cladding) loads. The drag struts, members
used to carry the lateral loads into the effecsirear wall panels, must also be designed. Stud

framing will be discussed later; however drag stare beyond the scope of this report.
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Chapter 3 - Anchorage

Anchor Design

Two types of anchors must be considered in shebudesign: shear anchors and
overturning anchors. Shear anchors must be alvsist in-plane loading, due to MLFRS wind
loads, and out-of-plane loading, due to componeandscladding wind loads. The purpose of
these anchors is to connect the shear walls tothelation to allow for the transfer of shear;
without these anchors, the building would slideadfits foundation. For segmented walls, shear
anchors are calculated for the individual segmdatsperforated shear walls, shear anchors are
calculated for the entire length of the shear wathear anchors in perforated shear walls must
also be able to resist an upward distributed ferpeal to the horizontal distributed shear
(SDPWS 2008).

Overturning anchors are designed to resist the mothat is created during wind
loading. Without these anchors, the wall would awer. Segmented shear walls require
overturning anchors at each end of every segmeit¢ warforated shear walls require
overturning anchors only at the ends of the ovetatar wall.

To determine the number of shear anchors requitieitle the shear in the panel under

consideration by the shear capacity of the choseha. This can be expressed by Equation 3-1:

_vb

== (EQ 3-1)

N

Whele= number of anchors
v = distributed shear, plf.
b= width of panel, ft.
Z capacity of anchor, Ibs., NDS 2012 Chp. 11

For in-plane loadingy is the total distributed unit shear; for out-ofupk loadingy is the wind
pressure times half of the first story height. segmented shear wallsjs the width of the
segment; for perforated shear waliss the total length of full height segments in ghear wall.

Designers must determine the number of shear amcbquired for both in-plane and out-of-

16



plane loading and then select the greater of tloe Thiese anchors are distributed evenly along
the width of the wall segment under consideratio(Breyer 2007).

Overturning anchors are designed to resist tefmites, therefore to determine the area
of the overturning anchors required, multiply the force (Se€hapter 2) by an ASD
adjustment factor, and then divide by the tensile yield strengthhaf anchor. Set this equal to
the area of a circle and rearrange to determinenihenum diameter of the anchor. This
equation is derived by rearranging AISC 360 Equmab@-1 for tensile yielding in members and

can be expressed by Equations 3-2 and 3-3:

]
a_Td_PO (EQ 3-2)
4 F,
[4P0
d= |— (EQ 3-3)
'\J TE.F}.

Wher&:= minimum area of the anchor?in
d= minimum diameter of the anchor, in.
=Rchord force (ASD), Ibs.
Q = ASD adjustment factor, 1.67

y Ftensile strength of anchor, psi.

Typically overturning anchors are only at the eofihe shear walls, however they can be
distributed if the overturning force is large; thitows for the use of smaller anchors.
Distributing the overturning anchors does requdditional calculations when determining the
force that each anchor must resist, thereforenbtsecommended in timber design.

Types of Anchors
Several anchoring options are available when detenmthe type of overturning
anchoring system to use. These anchoring systemisecplaced in three categories: (1) hold-
downs with threaded anchors, (2) embedded hold-dpamd (3) threaded rods with bearing
plates. Hold-downs with threaded anchors providekets nailed, screwed or bolted to all shear
wall chord members. These brackets are also atldochencrete anchors that are embedded
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within the foundation. Embedded hold-downs reqamméedding one end of the anchor into the
concrete while attaching the other end to the cheechber via bolts or nails. Threaded rods with
bearing plates are typically used for multiple gtiouildings. For this system, steel rods are run
from the foundation to the top of the shear walhg plate, where the rod is secured; a bearing
plate is provided to ensure that the rod doesuyaure through the top plate of the wall
(Vilasineekul 2011)Figure 3-1 shows examples of each of these anchoring systems.

Each of these types of anchors is available fromufaturers such as Simpson Strongtie
or Hilti and can be chosen using tables providetiiwiproduct catalogs. These tables are based
on the type of overturning anchor, type of woodef the chord member, size of the concrete
anchor and, for hold-downs and embedded anch@&siumber of fasteners (Simpson 2011). As
the design portion of this report shows, sometim@sanchors are required per chord to meet
the required strength. In some cases, the choedhsist be increased to accommodate larger
anchors. For all of the designs discussed withigmreport, hold-down overturning anchors are

used.

Aﬂﬁg
e
e

L1

Hold-Down Embedded Threaded Rod
Figure 3-1: Anchoring System Assemblies

Shear anchoring is typically achieved by using ancbds with plate washers attached to
the sill plate of the shear wall. The 2008 SDPW#ines the use of plate washers for all anchors
that are used to resist in-plane shear; this regdiieelikelihood of failure of the sill plate due t
cross-grain bending, thereby encouraging a duatili¢ state for the shear wall. This is

especially important when high strength sheathsngeing used because the sheathing panels
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have a high enough capacity that the sill platéfail before the sheathing if plate washers are
not provided. These washers are to have minimunesions of 0.229” x 3" x 3” and must be
within ¥2” of the sheathed edge of the sill platBPSVS 2008).Figure 3-2 shows a typical plate
washer assembly detail. Instances when plate washay be ignored can be found in the 2008
SDPWS Section 4.3.6.4.3. The key requirement foh @ these instances is that the anchors
must be loaded in shear only. It is recommendedpliate washers be used for all instances
because the likelihood of anchors being loaded&asonly over the life of the anchor is small
(Vilasineekul 2011).

~— STANDARD CUT
/ WASHER

" /
2'MAX /) —MIN. 3"X2"X0.229"
= / /  PLATE WASHER

S/ W/ MAX 13" SLOT &

)/ 2" WIDER THAN BOLT
/  DIAMETER.

Figure 3-2: Typical Plate Washer Assembly
In addition to the different anchoring systems klde, several types of anchor
bolts/threaded rods are available, including anttodis with plate washers, deformed anchor
bolts, and concrete screw anchors. The types dfaadeing used depends on the required
capacity per anchor, the amount of space available the budget of the project. The most
common of these anchors is the anchor bolts watephashers. Each of these types of anchor
bolts is shown irFigure 3-3. These anchors should be designed using Appendixtie latest

ACI code; the design of these anchors is beyonddbpe of this report.

RS REN / /
SR BN [ ] [T\
L L TTTla | | ;i.{._ m 4:\; | | Z;q [T |
T 7T T T
Anchor W/ Washer Def{)rmed Aﬁ_chor Concrete Screw

Figure 3-3: Types of Anchor Bolts

19



Chapter 4 - Codes and Sandards

The governing building code for this report will thee 2012 IBC. The wind loads will be
determined using the design procedures given iltherican Society of Civil Engineers
(ASCE) Standard 7-10 for MLFRS and C&C, which céées wind at strength levels. Dead
loads will also be calculated using ASCE 7-10 mimimdead load tables. The capacities for all
wood members will be calculated using the 2012 NID& the diaphragm and shear wall
capacities will be calculated using the 2008 SDRW&use the 2012 edition has yet to be
published.

2012 I1BC
Chapter 23)Vood,of the 2012 IBC deals with the design and constvaadf timber
structures. Within the chapter, multiple tableslidgavith the span ratings of sheathing for
gravity loading are given. Live loads and partisdoads can be found in Chapter 16, Table
1607.1 and Section 1607.5 respectively. Thesetdized when analyzing the sheathing

capacity when subjected to gravity loads.

ASCE 7-10

ASCE 7-10, Chapter 2¥ind Loads on Buildings -MWFR&ovides the procedure for
calculating the MLFRS wind pressures for buildifiglb heights; this procedure is used when
determining the wind loads applied to the buildiegamined within this report.

Several factors affect the MLFRS wind pressurea bnilding, including the height,
usage, and location of the building. When calcotativind pressures, the velocity pressure must

first be determined. The velocity pressure equasagiven by ASCE 7-10 Equation 27.3-1:
,70.00256 KK ;K 4V> (EQ 4-1)

Wherey, = velocity pressure at height
K = wind directionality factor, ASCE 7-10 Sec. 26.6
K; = velocity pressure exposure coefficient, ASCE)7Skc. 27.3.1
K:= topographic factor, ASCE 7-10 Sec. 26.8.2
V = basic wind speed, ASCE 7-10 Sec. 26.5
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In the above equatiok; accounts for both the height and the locatiorheftiuilding with
regards to surrounding buildingK :accounts for the building’s locations with regawd t
topography (hills, escarpments, et&j).accounts for the wind direction and is only used i
conjunction with load combination¥.accounts for both the building’s location and the
building’s usage (importance). This has changenhfpoevious ASCE 7 Standards where the
importance factor was separate from the wind spétad.left to the reader to investigate each of
these terms further.

To calculate the wind pressures on a building, bla¢hinternal and external pressure

must be taken into account. This is done by usiSGE 7-10 Equation 27.4-1.:
S G - a(GG) (EQ 4-2)

Wher@:= wind pressure, psf.
g = g, velocity pressure at heighfor windward walls,
ASCE 7-1Quation 27.3-1
& gn velocity pressure at mean roof heidghtfor leeward walls,
ASCE 7-10 Equation 21.3
i0F gn velocity pressure at mean roof heidht(conservatively)
ASCE 7-10 Equation 21.3
G gust factor, ASCE 7-10 Sec. 26.9
oG external pressure coefficient, ASCE 7-10 Figured-A7
27.4-2,27.4-3
(GGyi) = internal pressure coefficient, ASCE 7-10 Tablel261

For this equation, the internal pressure coeffigi@€BC,;), can be either a positive or negative
value, therefore the wind pressures must be catnitavice. When determining which condition
governs, the sign convention must be consideree.sidn convention for the current equations
is based on positive pressures acting towardsutiace in question and negative pressures
acting away from the surface. When calculatingaberall wind loads for a building, the loads
that will be transferred into the diaphragms arehtimto the shear walls, both the windward and
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leeward wind pressures must be added togethee #iecgoverning wind load is acting towards
the building and the leeward is acting away, thiy together to give a greater force.

Other components that must be considered for Veading include parapet loading and
components and cladding loads. Information on MLER&pet loading can be found in ASCE
7-10 Section 27.4.5. Note that the equation acsolontboth sides of each parapet, therefore it is
not necessary to calculate individual windward ksivard pressures for each parapet.

Components and cladding loads are loads that gleedpo individual elements. These
wind loads are greater than the loads calculatetidWLFRS procedure because certain
regions of a building will experience greater wlodds than others. For this report the individual
elements include all framing members. The procetiurealculating components and cladding
loads is similar to the procedure used in calcodpthe MLFRS loads and can be found in ASCE
7-10 Section 30.4.

Tables C3-1 and C3-2 from ASCE 7-10 Commentaryaegl to calculate the dead loads
for the examples within this report. ASCE 7-10 e#so be used to calculate snow loads,
however for the locations that were chosen snawis governing factor therefore it is not

investigated.

2012 NDS & 2008 SDPWS

The 2012 NDS provides equations for calculatingcdugacities in wood members. For
this report, members in shear, bending, tensiothcampression will be investigated. Each of
these equations involves multiplying base wood ertgs, based on the species and grade of
timber being used, by correction factors. Theseeotion factors are based on how and where
the member is being used. The capacity equatian&3®, which can be found in the 2012
NDS, Table 4.3.1 are:

ShearE, = F,CpCnC:Ci (EQ 4-3)
Bending: Fy'= F,CoCnCiCLCECCIC: (EQ 4-4)
Tensionk{'= F{CpC/CiC:C;i (EQ 4-5)
Compressiorf¢'= F CpoCnCiCrCiCy (EQ 4-6)

All base wood properties can be found in the 20DENsupplement Tables 4A/B/C. For this
report, Douglas Fir Larch will be used for all meandd The correction factors can be found in

22



their respective sections per the 2012 NDS ChaptEguations are also provided within
SDPWS Section C4 to calculate diaphragm and shathdeflections. It is left to the reader to
further investigate each of these equations artdr&c

When looking at the capacities, each of thesévisngn terms of stress with units of
pounds per square inch, therefore all loads musbheerted into units of stress. For tension and
compression members, this is simply a matter afithig the force within the member by the
area of the member. For bending, the stress islleddal by using principles of mechanics of

materials. The equation for stress due to bendigngan be expressed by Equation 4-7:

Mc M (EQ 4-7)
5

fa=T=

Wherigl = applied bending moment, Ib-in.
¢ = distance to extreme fiber in tension, in.
| = moment of inertia of the section,“in

S= section modulus of the section® in

The stress due to shear is calculated using theiple of shear flow from mechanics of

materials. Stress due to shdgarfor rectangular sections only can be expressdfiduation 4-8:

v

- (EQ 4-8)

f

¥rh:V = applied shear, Ibs.
b= width of member, in.
d= depth of member, in.

For both diaphragms and shear walls, sheathingottégs are calculated using tables
within the 2008 SDPWS, as has been previously dgamll These tables are based on the type,
thickness, and layout of sheathing in additiorhtogize and spacing of nails. These tables, in
conjunction with the 2012 NDS equations, will bediso design the MLFRS for several
different cases in the following sections.
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Chapter 5 - Building Design Comparisons

Report Parameters

The parameters of this parametric study are tHevitg: (1) lateral loads are caused by
wind, (2) height of the buildings vary from one+st¢12 ft mean roof height) to three-story (36
ft mean roof height). Buildings of various heightg investigated in order to gain a better
understanding of how the design of diaphragms &edrswvalls change with both increased
lateral forces and increased height. The reasdrthitsareport is limited to a three-story building
is because most timber buildings fall within theeoto three-story range in the United States. (3)
Wind loads vary: a) 115 mph, b) 140 mph, and c) i@b. The exact locations are discussed in
more detail under the appropriate section. Thalimglis an office building with a normal

occupancy in a commercial development on flat terra
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Figure 5-1: Typical Building Floor Plan
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Figure 5-2: Building Elevations

The floor plan and elevations for the building ah®wn inFigure 5-1 andFigure 5-2.
This floor plan is the same for each floor, exdabptmain entrance hallway is eliminated on
upper floors and the single story buildings dommte stairways. The elevation shown is for the
three-story configuration. For the other configimas, the floor-to-floor height (12 ft.) is the
same and a flat roof, sloped at 0.25 inches ferwith a 2 ft. parapet is used for all building
heights. Windows are all 2 ft. x 4 ft. The oveudilhensions for the building are 60 ft. x 100 ft.,
with a stairway on either end for the multi-stopnéigurations. The building is designed so that
both exterior and interior walls can be used askdd shear walls and all diaphragms are
blocked for ease of comparison. The structuralesgstfor the stair towers and elevator shaft are
assumed to resist the lateral forces applied tmthieerefore, they do not affect the rectangular
structure’s shear walls. For this floor plan, tleeth/south direction is considered the transverse
direction and the east/west direction is considénedongitudinal direction. Dead loads for the
roof and all floors are 20 psf. The roof live Igaare 20 psf. Live loads are 50 psf. with an

additional 15 psf. partition load; this live loadshbeen reduced for this report to increase the
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overturning force that must be resisted by the toweing anchors. Ground snow loads are

location dependent (ranges from 0 to 25 psf) asherevind loads.

L ocations

Manhattan, Kansas is the first location to be abergid. The design wind speed
according to ASCE 7-10 is 115 mph. Manhattan waseh because its design wind speed is the
most common wind speed for the 48 contiguous sthlegston, Texas is the second location,
for which the design wind speed according to ASEE7s 140 mph. Houston was chosen
because its design wind speed is the most commh sgieed among coastal cities. Miami,
Florida is the third location, for which the desigimd speed according to ASCE 7-10 is 160
mph. Miami was chosen because it has higher wopedds than any other major city in the
contiguous 48 states. Three cases shall be cordidane-story, two-story and three-story. The
diaphragms and shear walls shall be designed @r esthe cases and then a comparison is

made between the three cases for the three losation

One-Story Comparison
The first case is a one-story building. This buifgihas a mean roof height of 12 ft. with a
2 ft. parapet. The building is designed to resiavgy and lateral wind loading. The design
includes sheathing, framing, nailing, and anchorgiculations include checks for both

capacity and serviceability. An example of the gktions is presented ppendix A.

Diaphragms

The roof diaphragm is the only diaphragm for thidding. The transverse direction
governs for this building, therefore it is the diien that is examined. A blocked diaphragm with
a Case #1 sheathing layout is used to determineethered sheathing and nailing for each of the
buildings.

The diaphragm for the building in the 115 mph zoaesists of 3/8” plywood sheathing
with 6d nails at 6” O.C. along the boundary of ti@phragm, 6d nails at 6” O.C. at the other
panel edges, and 6d nails at 12” O.C. in the fi€lke diaphragm framing is 14” TJI joists spaced
at 16” O.C. and the diaphragm chords are 2-2” ®B-L continuous members.

The diaphragm for the building in the 140 mph zoasesists of 3/8” plywood sheathing
with 6d nails at 6” O.C. along the boundary of ti@phragm, 6d nails at 6” O.C. at the other
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panel edges, and 6d nails at 12” O.C. in the fi€le diaphragm framing is 14” TJI joists spaced
at 16” O.C. and the diaphragm chords are 2-2” ®B-L continuous members.

The diaphragm for the building in the 160 mph zoasesists of 3/8” plywood sheathing
with 6d nails at 4” O.C. along the boundary of th@phragm, 6d nails at 6” O.C. at the other
panel edges, and 6d nails at 12” O.C. in the fi€le diaphragm framing is 14” TJI joists spaced
at 16” O.C. and the diaphragm chords are 2-2” ©B=L continuous member$.able 5-1
summarizes the three diaphragm designs.

Table5-1: Single-Story Diaphragm Summary

Roof Diaphragm
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"

Boundary Nailing 6d at 6" O.C. 6d at 6" O.C. 6d at 4" O.C.

Other Panel Edge Nailing| 6dat6"O.C. 6d at 6" O.C. 6d at 6" O.C.

Field Nailing 6d at 12" O.C. 6d at 12" O.C. 6d at 12" O.C.
Framing 14" Tl at 16" O.C.| 14" TJl at 16" O.C.| 14" TJI at 16" O.C.

Chords 2-2" x 6" DF-L 2-2" x 6" DF-L 2-2" x 6" DF-L

The diaphragms for the three buildings have vanylar designs; the only difference is
the smaller nail spacing at the diaphragm bounttarthe building in the 160 mph zone. The
designs are similar because the magnitude of teeldoad that is transferred into the roof
diaphragm is relatively low. The diaphragm for finst building has twice the required capacity
(<50% stressed); this is because gravity loadsméted the sheathing thickness. The
diaphragm for the second building was based oihatieeal loading and had adequate capacity
(80% stressed). The diaphragm for the third bugdiras based on lateral loading and required
smaller nail spacing than the other two, howeverrdguired capacity was only slightly above
the capacity of the other two diaphragms (106%ssté if same design is used). A complete

summary for each of the diaphragm designs canueifonAppendix B.

Shear Walls
The shear walls examined for this building aredhst and west shear walls. These shear
walls are in the transverse direction and are shartlength than the longitudinal shear walls,

therefore they have a larger distributed shear thamongitudinal shear walls. For the
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segmented shear wall approach, the thinnest fighheegment is 4’-4” wide; this is the
segment that will be examined in this report beedhs chord and anchor forces are the greatest.
The total length of full height segments is 42’&id the total length of wall is 60’-0".

The sheathing and nailing for shear walls for thi#ding in the 115 mph zone did not
differ when comparing the segmented and perforapgdoaches; both used 3/8” structural panel
sheathing nailed at 6” O.C. with 6d nalils.

The sheathing and nailing for shear walls for thi#ding in the 140 mph zone did not
differ when comparing the segmented and perforapgdoaches; both used 3/8” structural panel
sheathing nailed at 4” O.C. with 6d nails. An aitgive to this design is to use 3/8” structural
panel sheathing nailed at 6” O.C. with 8d nailsldoth shear wall design approaches.

The sheathing and nailing for shear walls for thiding in the 160 mph zone differed
when comparing the segmented and perforated agprsaboth used 3/8” structural panel,
however the segmented shear wall requires 6d aads O.C. while the perforated shear wall
requires 6d nails at 3” O.C. An alternative to tihsign is to use 3/8” structural panel sheathing
nailed at 4” O.C. with 8d nails for both shear wadkign approaches. This is allowed by
footnote 2 of SDPWS Table 4.3A because the shelhframing is 16” O.C.Table 5-2

summarizes the shear wall designs for all cases.

Table5-2: Single-Story Shear Wall Summary

Exterior Segmented Shear Walls
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 4" O.C. 6d at 4" O.C.
Exterior Perforated Shear Wall
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 4" O.C. 6d at 3" O.C.

For any shear wall design multiple acceptable $teginailing options are available; the
options given within this section are similar satth comparison can be made. Comparing the
three different buildings shows that the type goacs1g of nailing is more important than the
sheathing thickness. For each of the buildingsstteathing was 3/8” thick, however as the wind

speed was increased the nail size was increadée oail spacing was decreased.
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The shear wall framing, 6” Douglas Fir Larch (DF4dtids at 16” O.C., did not change
between the three buildings, because the compamehtladding wind loads were similar in
magnitude for each of the buildings. The end chéwdthe segmented shear walls were 2" x 6”
studs for each building; the end chords for théqgpated shear walls were 2-2” x 6”. The
overturning anchors for the segmented shear wploggh were 1/2” diameter for each of the
buildings; the overturning anchors for the perfedatvere 5/8” diameter. For both approaches
the diameter of anchor required for the selectdd-downs was greater than the calculated
required diameter of the anchor rod alone. Whiéetyipe of hold-down remained the same for
the segmented shear wall approach, the size dfdliedowns and the number of fasteners
required per hold-down increased as the wind spedased for the perforated shear walls. The
shear anchors are ¥2” diameter for all of the bnddi The number of anchors per segmented
section was 2 for all cases. For the perforatedrsivalls, the number of anchors increased from
10 to 19 anchors. A complete summary for eacheftiear wall designs can be found in

Appendix B.

Two-Story Comparison
The second case considered is a two-story buildihgs building has a mean roof height
of 24 ft. with a 2 ft. parapet. The building is gpsed to resist lateral wind loading. The design
includes sheathing, framing, nailing, and anchorgiculations include checks for both

capacity and serviceability. An example of the gklttions are presented Appendix A.

Diaphragms

The first level and roof diaphragms are examinedHis building. The transverse
direction governs for this building, thereforedtthe direction examined. Blocked diaphragms
with Case #1 sheathing layouts are used to deterthearequired sheathing and nailing for each
of the buildings.

The floor and roof diaphragms for the buildinghe tL15 mph zone both consist of 3/8”
plywood sheathing with 6d nails at 6” O.C. along bHoundary of the diaphragm, 6d nails at 6”
O.C. at the other panel edges, and 6d nails aO1@” in the field. The floor diaphragm framing
is 16” TJI joists spaced at 16” O.C. and the diaght chords are 2-2” x 6” DF-L continuous
members. The roof diaphragm framing is 14” TJItpispaced at 16” O.C. and the diaphragm
chords are 2-2" x 6” DF-L continuous members.
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The floor and roof diaphragms for the building e tL40 mph zone both consist of 3/8”
plywood sheathing with 6d nails at 6” O.C. along boundary of the diaphragm, 6d nails at 6”
O.C. at the other panel edges, and 6d nails aO1@” in the field. The floor diaphragm framing
is 16” TJI joists spaced at 16” O.C. and the diaght chords are 2-2” x 6” DF-L continuous
members. The roof diaphragm framing is 14” TJItpispaced at 16” O.C. and the diaphragm
chords are 2-2” x 6” DF-L continuous members.

The floor and roof diaphragms for the building e tL60 mph zone both consist of 3/8”
plywood sheathing with 6d nails at 6” O.C. along bHoundary of the diaphragm, 6d nails at 6”
O.C. at the other panel edges, and 6d nails aO1@" in the field. The floor diaphragm framing
is 16” TJI joists spaced at 16” O.C. and the diaght chords are 2-2” x 6” DF-L continuous
members. The roof diaphragm framing is 14” TJItpispaced at 16” O.C. and the diaphragm
chords are 2-2” x 6” DF-L continuous membélrable 5-2 summarizes the three diaphragm

designs.
Table 5-3: Two-Story Diaphragm Summary
Floor Diaphragm
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Other Panel Edge Nailing| 6dat6"O.C. 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C. 6d at 12" O.C.
Framing 16" TJl at 16" O.C.| 16" TJl at 16" O.C.] 16" TJl at 16" O.C.
Chords 2-2" x 6" DF-L 2-2" x 6" DF-L 2-2" x 6" DF-L
Roof Diaphragm
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Other Panel Edge Nailing| 6dat6"O.C. 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C. 6d at 12" O.C.
Framing 14" Tl at 16" O.C.| 14" TJI at 16" O.C.| 14" TJI at 16" O.C.
Chords 2-2" x 6" DF-L 2-2" x 6" DF-L 2-2" x 6" DF-L

The diaphragms for the three buildings have thees@@sign. This is because the loads
are low enough, due to the low wind speed for iitst building and the use of interior shear
walls in the other two, that minimum nailing canused. As will be shown in the following

section, interior shear walls are required fortthe buildings in the higher wind regions in order
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to resist the wind loading. Similar loading for tiiéelevated level and roof diaphragm for each
of the buildings results in the diaphragms havimgtame design. The floor diaphragm has a
larger tributary width than the roof diaphragm, lewer the parapet has a greater design wind
pressure than the wall; this results in similadiog for the two diaphragms. Gravity loading
governed the thickness of the sheathing for aksa8 complete summary for each of the

diaphragm designs can be foundhippendix B.

Shear Walls

The shear walls examined for this building areghst and west shear walls. These shear
walls are in the transverse direction and are shartlength than the longitudinal shear walls,
therefore they have a larger distributed shear thamongitudinal shear walls. For the
segmented shear wall approach, the thinnest fighhsegment is 4’-4” wide; this is the
segment examined in this report because the chmor@@achor forces are the greatest. The total
length of full height segments is 42’-6” and th&atdength of wall is 60’-0". Two of the designs
require interior shear walls. The eastern and westest interior walls are used as shear walls
because they are continuous for the height of tildibg. These walls have four 3'-0” doors
each, evenly distributed. The thinnest full heigigment for the interior shear walls is 6’-4”
wide. The total length of full height segments 8-8" and the total length of wall is 60’-0".

The sheathing and nailing for shear walls for thi#ding in the 115 mph zone differed
when comparing the segmented and perforated agmeathe segmented approach used 3/8”
sheathing with edge nailing of 8d nails at 4” Oi@m the base to the’level and then 8d nails
at 6” O.C. from the % level to the roof. The perforated approach ug8tisheathing with edge
nailing of 8d nails at 3" O.C. from the base to 1fidevel and then 8d nails at 6” O.C. from the
1% level to the roof. The end chords for the segemtaind perforated shear wall approaches
were 2-2"x6".

For the 140 mph zone, interior shear walls were@ired to resist the loading. For the
exterior shear walls, 3/8” sheathing with 6d natl$” O.C. for the full height of the shear wall
was used for both approaches. For the interiorrshialls, the segmented approach used 3/8”
sheathing with edge nailing of 8d nails at 3" Oi®m the base to the'level and then 8d nails
at 6” O.C. from the %level to the roof. The perforated approach us#82r' sheathing with
edge nailing of 10d nails at 3” O.C. from the bsthe f'level and then 10d nails at 6” O.C.
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from the £'level to the roof. The end chords for the intesegmented shear walls were 2-2” x
6” and 3-2"x6” for the perforated approach.

For the 160 mph zone, interior shear walls were@ired to resist the loading. For the
exterior shear walls, the segmented approach usédi3athing with 6d nails at 6” O.C. for the
full height of the shear wall was used for bothrapgphes. The perforated approach used 3/8”
sheathing with edge nailing of 6d nails at 4” Oi@m the base to the'level and then 6d nails
at 6” O.C. from the *tlevel to the roof. For the interior shear walle segmented approach
used 15/32” sheathing with edge nailing of 10d:afl3” O.C. from the base to th&l&vel and
then 10d nails at 6” O.C. from thé& [evel to the roof. The perforated approach uss#@2r
sheathing with edge nailing of 10d nails at 2" Off6m the base to the'level and then 10d
nails at 4” O.C. from the®ilevel to the roof. The end chords for the intesegmented and
perforated shear wall approaches were 3-2"¥@&ble 5-4 summarizes the shear wall designs for
all cases.

Table 5-4: Two-Story Shear Wall Summary

Exterior Segmented Shear Walls
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing (B to 1) 8d at 4" O.C. 6d at 6" O.C. 6d at 6" O.C.
Boundary Nailing (1to R) 8d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Interior Segmented Shear Wal
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness -- 3/8" 15/32"
Boundary Nailing (B to 1) -- 8d at 3" O.C. 10d at 3" O.C.
Boundary Nailing (1 to R) -- 8d at 6" O.C. 10d at 6" O.C.
Exterior Perforated Shear Wall
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing (B to 1) 8d at 3" O.C. 6d at 6" O.C. 6d at 4" O.C.
Boundary Nailing (1to R) 8d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Interior Perforated Shear Wall
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness -- 15/32" 15/32"
Boundary Nailing (B to 1) -- 10d at 3" O.C. 10d at 2" O.C.
Boundary Nailing (1to R) -- 10d at 6" O.C. 10d at 4" O.C.
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The first notable difference in designs is the nexpuent for interior shear walls for the
two buildings in the higher wind regions. As a lesihe exterior shear walls were lightly loaded
and required minimum nailing (6d at 6” O.C.) forthhduildings, with the exception of the
perforated approach in the 160 mph building. Téxet motable difference is that the size of nail
required increased and/or the spacing of nailsedsed from the segmented to the perforated
approach. This is more apparent with the two-sbanijding than it was with the single story
building.

The shear wall framing, 6” Douglas Fir Larch (DFdtuds at 16” O.C., did not change
between the three buildings, because the compamehtladding wind loads were similar in
magnitude for each of the buildings. The overtugranchors for the segmented and perforated
shear wall approaches were 7/8” diameter for thie si@ear walls (exterior for the 115 mph and
interior for the 140 mph and 160 mph). For bothrapphes the diameter of anchor required for
the selected hold-downs was greater than the edbdzlifequired diameter of the anchor rod
alone. The size of the hold-downs, number of hadxas, and the number of fasteners required
per hold-down increased as the wind speed incrasdmth approaches. The shear anchors are
%" diameter for all of the buildings. The numberanichors per segmented section for the main
shear walls increased from 2 to 5. For perforateshswalls, the number of anchors for the main
shear walls increased from 22 to 33 anchors. A ¢etegummary for each of the shear wall

designs can be found Appendix B.

Three-Story Comparison
The third case considered is a three-story buildhings building has a mean roof height
of 36 ft. with a 2ft. parapet. The building is dg®ed to resist lateral wind loading. The design
includes sheathing, framing, nailing, and anchorgiculations include checks for both

capacity and serviceability. An example of the gkltions is presented ppendix A.

Diaphragms
The first level, second level, and roof diaphragresexamined for this building. The
transverse direction governs for this buildingséfere it is the direction examined. Blocked
diaphragms with Case #1 sheathing layouts are tasgéetermine the required sheathing and

nailing for each of the buildings.
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The floor and roof diaphragms for the buildinghe tL15 mph zone both consist of 3/8”
plywood sheathing with 6d nails at 6” O.C. along boundary of the diaphragm, 6d nails at 6”
O.C. at the other panel edges, and 6d nails aO1@” in the field. The floor diaphragm framing
is 16” TJI joists spaced at 16” O.C. and the diaght chords are 2-2” x 6” DF-L continuous
members. The roof diaphragm framing is 14” TJItpispaced at 16” O.C. and the diaphragm
chords are 2-2” x 6” DF-L continuous members.

The floor and roof diaphragms for the building e tL40 mph zone both consist of 3/8”
plywood sheathing with 6d nails at 6” O.C. along boundary of the diaphragm, 6d nails at 6”
O.C. at the other panel edges, and 6d nails aO1@" in the field. The floor diaphragm framing
is 16” TJI joists spaced at 16” O.C. and the diaght chords are 2-2” x 6” DF-L continuous
members. The roof diaphragm framing is 14” TJItpispaced at 16” O.C. and the diaphragm
chords are 2-2" x 6” DF-L continuous members.

The T'level and roof diaphragms for the building in 6 mph zone both consist of
3/8” plywood sheathing with 6d nails at 6” O.C. @dathe boundary of the diaphragm, 6d nails at
6" O.C. at the other panel edges, and 6d nail€a01C. in the field. The level diaphragm
consists of 3/8” plywood sheathing with 6d nailglaO.C. along the boundary of the
diaphragm, 6d nails at 6” O.C. at the other padgks, and 6d nails at 12” O.C. in the field. The
floor diaphragm framing is 16” TJI joists spaced &t O.C. and the diaphragm chords are 2-2”
X 6” DF-L continuous members. The roof diaphragamfing is 14” TJI joists spaced at 16” O.C.
and the diaphragm chords are 2-2” x 6” DF-L comimsimembersl able 5-3 summarizes the
three diaphragm designs.

The diaphragms for the three buildings have sintiksigns. This is because the loads are
low and the tributary widths for each diaphragmsanailar, resulting in similar loads. The only
difference was that thé@evel diaphragm boundary nailing in the 160 mphdaog required a
closer spacing. Gravity loading governed the théds of the sheathing for all cases. A complete

summary for each of the diaphragm designs canueifonAppendix B.
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Table5-5: Three-Story Diaphragm Summary

First Floor Diaphragm

Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Other Panel Edge Nailing| 6dat6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C. 6d at 12" O.C.
Framing 16" TJlat 16" O.C.| 16" TJl at 16" O.C.]| 16" TJI at 16" O.C.
Chords 2-2"x 6" DF-L 2-2" x 6" DF-L 2-2" x 6" DF-L
Second Floor Diaphragm
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 6" O.C. 6d at 4" O.C.
Other Panel Edge Nailing| 6dat6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C. 6d at 12" O.C.
Framing 16" TJlat 16" O.C.| 16" TJl at 16" O.C.| 16" TJl at 16" O.C.
Chords 2-2"x 6" DF-L 2-2"x 6" DF-L 2-2"x 6" DF-L
Roof Diaphragm
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Other Panel Edge Nailing] 6dat6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C. 6d at 12" O.C.
Framing 14" TJlat 16" O.C.| 14" TJl at 16" O.C.| 14" TJl at 16" O.C.
Chords 2-2"x 6" DF-L 2-2"x 6" DF-L 2-2"x 6" DF-L
Shear Walls
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The shear walls examined for this building aredhst and west shear walls. These shear
walls are in the transverse direction and are shartlength than the longitudinal shear walls,
therefore they have a larger distributed shear thamongitudinal shear walls. For the
segmented shear wall approach, the thinnest fighhsegment is 4’-4” wide; this is the
segment examined in this report because the cmatéiachor forces are the greatest. The total
length of full height segments is 42’-6” and th&atdength of wall is 60’-0". All of the designs
require interior shear walls. The eastern and westéerior walls are used because they are
continuous for the height of the building. Thesdlsviaave four 3’-0” doors each, evenly
distributed. The thinnest full height segment foe tnterior shear walls is 6’-4” wide. The total
length of full height segments is 38’-0” and th&atdength of wall is 60’-0”.




For the 115 mph zone, the exterior shear walls @&&tdsheathing with 6d nails at 6”
O.C. for the full height of the shear wall was usadboth approaches. For the interior shear
walls, the segmented approach used 3/8” sheathihgedge nailing of 8d nails at 3” O.C. from
the base to the™level and 8d nails at 3" O.C. from th& [evel to the ¥ level, and 8d nails at
6" O.C. from the ¥ level to the roof. The perforated approach ug#82 sheathing with edge
nailing of 10d nails at 3” O.C. from the base te ffff level and 10d nails at 4” O.C. from th& 1
level to the ¥ level, and 10d nails at 6” O.C. from th& Rvel to the roof. The end chords for
the interior segmented shear walls were 3-2” xr&l 8-2"x6" for the perforated approach.

For the 140 mph zone, the exterior shear walls @&&tdsheathing with 6d nails at 6”
O.C. for the full height of the shear wall was usadboth approaches, with the exception of 6d
nails at 4” O.C. for the perforated approach fréva base to the®level. For the interior shear
walls, the segmented approach used 3/8” sheatmrigpth sides with edge nailing of 8d nails at
4” O.C. from the base to thé'fevel, 3/8” sheathing on both sides with edgeingibf 8d nails
at 6" O.C. from the St level to the 2 level, and 3/8” sheathing on one side with edgkngaof
8d nails at 6” O.C. from the"2level to the roof level. The perforated shear approach is not
allowed to be used in this case because the regnominal shear capacity is greater than 2435
plf, per SDPWS 2008, Section 4.3.5.3. The endahtwr the interior segmented shear walls
were 4-2" X 6”.

For the 160 mph zone, the exterior shear walls3{&esheathing with 6d nails at 4” O.C.
from the base level to thé'level and 6d nails at 6” O.C. for the remaindethef shear wall for
both approaches. For the interior shear wallsséwnented approach used 3/8” sheathing on
both sides was used for the entire height with edgléng of 8d nails at 3” O.C. from the base to
the 'level, 8d nails at 6” O.C. from thé'level to the ¥ level, and 8d nails at 6” O.C. from
the 29 level to the roof level. The perforated shear wpproach is not allowed to be used in
this case because the required nominal shear tapagreater than 2435 plf, per SDPWS 2008,
Section 4.3.5.3. The end chords for the interggnsented shear walls were 5-2” x &able 5-6

summarizes the shear wall designs for all cases.
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Table5-6: Three-Story Shear Wall Summary

Exterior Segmented Shear Walls
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing (B to 1) 6d at 6" O.C. 6d at 6" O.C. 6d at 4" O.C.
Boundary Nailing (1 to 2) 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Boundary Nailing (2to R) 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Interior Segmented Shear Wal
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" Both Sides (B to 2) | 3/8" Both Sides (B to R)
Boundary Nailing (B to 1) 8dat3" 0.C. 8d at 4" O.C. 8d at 3" O.C.
Boundary Nailing (1 to 2) 8dat3"0.C. 8d at 6" O.C. 8d at 6" O.C.
Boundary Nailing (2to R) 8dat6" 0.C. 8d at 6" O.C. 8d at 6" O.C.
Exterior Perforated Shear Wall
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 3/8" 3/8" 3/8"
Boundary Nailing (B to 1) 6d at 6" O.C. 6d at 4" O.C. 6d at 4" O.C.
Boundary Nailing (1to 2) 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Boundary Nailing (2 to R) 6d at 6" O.C. 6d at 6" O.C. 6d at 6" O.C.
Interior Perforated Shear Wall
Wind Speed 115 mph 140 mph 160 mph
Sheathing Thickness 19/32" -- --
Boundary Nailing (Bto 1) | 10d at3" O.C. -- --
Boundary Nailing (1to2)| 10dat4"O.C. -- --
Boundary Nailing (2toR) | 10d at6" O.C. -- --

The main difference in the designs is the requirgrfer sheathing on both sides of the
interior shear walls for the two buildings in thglner wind regions. As a result, the nailing for
all three buildings is similar. Sheathing both sideowever, requires more materials and results
in higher construction costs. The perforated sagdirapproach is not allowed to be used for the
interior shear walls for the two buildings in thgliner wind regions because the required shear
capacity of the shear walls exceeds that allowethe\SDPWS.

The shear wall framing, 6” Douglas Fir Larch (DF4dtuds at 16” O.C. for the exterior
walls and 12" O.C. for the interior walls, did raitange between the three buildings. The
difference in spacing is due to the interior wallving a larger tributary width. The overturning
anchors for the segmented shear wall approachasedefrom 7/8” to 1 ¥4” diameter for the

interior shear walls. The diameter of anchor regplifior the selected hold-downs was greater
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than the calculated required diameter of the anabwalone. The type of the hold-downs and
the number/type of fasteners required per hold-dimereased as the wind speed increased. The
shear anchors are ¥2” diameter for all of the bnddi The number of anchors per segmented
section for the interior shear walls increased febto 8. A complete summary for each of the

shear wall designs can be founddippendix B.
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Chapter 6 - Conclusions

This report has examined how the design of botbeinshear walls and diaphragms
changes depending on the height of the buildinggtion of the building, and the design
approach used. This report has shown that as tgbkthed the building increases in the same
location, the magnitude of the force in the shealtsnncreases while the magnitude of the force
in each diaphragm remains relatively constant.ibeease in force in the shear walls increases
the required sheathing thickness/nail size and¢orehses the required nail spacing.

This report has shown that one story buildingsigh vind regions require only exterior
shear walls with minimum nail size, 6d, at reasdémapacing. Diaphragm designs remain the
same for all of the regions, with 6d nails at ctaggacing for the building in the 160 mph region.
This report has also shown that buildings in highdarregions of more than one story typically
require both exterior and interior shear wallsesist the induced load. The addition of interior
shear walls results in reduced spans for the demphs. Reduced diaphragm spans result in
minimum nailing, 6d nails at 6” O.C., for most aktdiaphragms. The only exception to this is
the 29 level for the building in high wind regions becauke pressures and the tributary area are
the greatest.

This report has shown how the design of shear whlsges depending on whether the
segmented shear wall approach or the perforateat sfadl approach is used. The segmented
shear wall approach requires each panel to bertesignd anchored individually. The
perforated shear wall approach requires that tHebsalesigned and anchored as a whole. For
single story buildings, the sheathing and nailirgraearly identical for both approaches. For
two- story buildings using the perforated sheaid approach, the size of nail is larger and/or the
spacing of the nails is smaller when comparedeéstgmented shear wall approach for all
regions. For three- story buildings using the pextied shear wall approach, the size of nail is
larger and/or the spacing of the nails is smalleemnvcompared to the segmented shear wall
approach for the 115 mph region. For the highedwegions, perforated shear walls are not
allowed to be used because the required nominalctggs greater than the maximum permitted
nominal load of 2435 plf. Segmented shear walthéhigher wind regions require sheathing on
both sides to resist the induced lateral load.
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The conclusions that can be drawn from these seaudt that the perforated shear wall
approach requires the following adjustments whenpared to the segmented shear wall

approach:

» Closer nail spacing, therefore more nails overall.
» Larger nails in some cases.

» Thicker plywood sheathing in some cases.

» Larger, but fewer, overturning anchors.

» Calculations are more tedious and may require o to complete.

For timber buildings in single story buildings, tmethod that is used to design the shear walls
does not truly matter because the end resultsesyndentical. However, the greater the wind
pressure and/or the taller the building, the grehie differences in the final design when
comparing the two approaches. Ultimately it is aiphte engineer to use either of the two
approaches, however this report has shown thaahemented shear wall approach is the more

economical approach for multi-story buildings anddings in high wind regions.
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Appendix A - Example Calculations

This section contains a single set of calculatiosedd to create this report. The
calculations are for the two-story building in thi5 mph zone. These calculations cover the
calculation of the wind loads, shear wall desi¢poif diaphragm design, and roof diaphragm
design. Similar calculations were completed fordtieer eight setups and are available upon

request from the author.

Table A- 1: Wind Loads
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Table A- 2: Segmented Shear Wall Approach
















Table A- 3: Perforated Shear Wall Approach










Combined Bending and Compression
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Is fc <FcE1?
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Fb'l

Check #1 =
Check #2 =

Studs adequate in shear?
Studs adequate in bending and
compression?

Are the studs adequate?

Shearwall Anchorage
Shear Anchors

Total Factored Shear

Dia. of Anchor

yA Parallel

Cq

Cm

Ci

Cg

Ca

7'

Required Number of Anchors
Number of Anchors to Use
Max Spacing

Overturning Anchors

Fy

Overall Panel Anchor Force
Required Area Per Anchor
Required Diameter Per Anchor

Tension Ties/Holddowns
Type

Nailing

Capacity

Is the holddown adequate?

Tension Anchors
t=vmax

FY

Diameter of Anchor
Area of Anchor
Anchor Capacity
Max Spacing

NDS 2012 Section 3.9.2
0.284324
YES
50
5.18545
27669.42
0.263166
0.022916
203.856
1840
0.548526 <1
0.960303 <1

YES

YES
YES

22585.26 |b
0.5
650 Ib/anchor NDS 2012 Table 11E
1.6 NDS 2012 Table 2.3.2
1 NDS 2012 Table 10.3.3
1 NDS 2012 Table 10.3.4
1 NDS 2012 Section 10.3.6
1 NDS 2012 Section 11.5.1
1040 |b/anchor NDS 2012 Table 10.3.1
21.71659 anchors
22 anchors
2.857143 ft
34.28571 in

45000 psi *Note: Anchor capacities based on
9438.847 |b P=FyAg/1.67 Per AISC
0.350286 in
0.667831 in

Simpson Strongtie HDC10/22-S Product Catalog

24-SDS 1/4"x2 12" Product Catalog
9665 Ib Product Catalog
YES

531.4178 plf
45000 psi
1 in
0.785398 in’
21163.42 b *Note: Anchor capacities based on
39.82445 ft P=FyAg/1.67 Per AISC
477.8935 in
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Table A- 4: First Level Diaphragm
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Table A- 5: Roof Diaphragm
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Appendix B - Calculation Summaries

TableB- 1: Single Story, 115 MPH Design Summary

Shear Walls

Segmented

Perforated

Sheathing

Sheathing Type

Wood Struc

tural Panels - Sheathing

Wood Structural Panels - Sheathing

Sheathing Thickness 3/8" or greater 3/8" or greater
Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.
Studs
Type of Wood Douglas Fir Larch No. 1 Southern Pine No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16
Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 1.5 3
In-Plane Anchorage’
Min. Dia. of Overturning Anchors (in.) 0.163 0.362
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 1 10
Max Spacing of Shear Anchors (in.) #DIV/0! 80.00
Type of Holddown Simpson Strongtie DTT2Z w/ 1/2" Bolt | Simpson Strongtie HDU2-SDS2.5 w/ 5/8" Bolt
Holddown Screws 8-SDS 1/4"x1 12" 6-SDS 1/4"x2 12"
Out-of--Plane Anchorage3
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 12 12
Max Spacing of Shear Anchors (in.) 60.00 60.00

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.

Diaphragms
| Roof
Sheathing
Sheathing Type Plywood Sheathing
Sheathing Thickness 3/8"
Span Rating 24/0
Sheathing Case 1
Minimum Nail Penetration 11/4"
Nail Size 6d
Edge Nailing 6d at 6"
Boundary Nailing 6d at 6"
Field Nailing 6d at 12"
Joists
Type of TJI Joist TrusJoist 14" TJ1 360
Spacing (in.) 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1
Number of Chord Members 2

Depth Per Member (in.) 5.5

Width Per Member (in.) 1.5

1:ltisleft to the engineer of record to determine the blocking requirements.




TableB- 2: Single Story, 140 MPH Design Summary

Shear Walls
| Segmented | Perforated
Sheathing
Sheathing Type Wood Structural Panels - Sheathing Wood Structural Panels - Sheathing
Sheathing Thickness 3/8" or greater 3/8" or greater
Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 4" O.C. 6d at4" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.
Studs
Type of Wood Douglas Fir Larch No. 1 Southern Pine No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16
Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 1.5 3
In-Plane Anchorage®
Min. Dia. of Overturning Anchors (in.) 0.198 0.440
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 2 14
Max Spacing of Shear Anchors (in.) 51.6 55.38
Type of Holddown Simpson Strongtie DTT2Z w/ 1/2" Bolt |Simpson Strongtie HDU4-SDS2.5 w/ 5/8" Bolt
Holddown Screws 8-SDS 1/4"x1 1/2" 10-SDS 1/4"x2 12"
Out-of--Plane Anchorage®
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 18 18
Max Spacing of Shear Anchors (in.) 40.00 40.00

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.
2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.

Diaphragms
| Roof
Sheathing
Sheathing Type Plywood Sheathing
Sheathing Thickness 3/8"
Span Rating 24/0
Sheathing Case 1
Minimum Nail Penetration 11/4"
Nail Size 6d
Edge Nailing 6d at 6"
Boundary Nailing 6d at 6"
Field Nailing 6d at 12"
Joists
Type of TJI Joist TrusJoist 14" TJI 360
Spacing (in.) 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1
Number of Chord Members 2
Depth Per Member (in.) 5.5
Width Per Member (in.) 1.5

1:Itisleft to the engineer of record to determine the blocking requirements.
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TableB- 3: Single Story, 160 MPH Design Summary

Shear Walls
| Segmented | Perforated
Sheathing
Sheathing Type Wood Structural Panels - Sheathing Wood Structural Panels - Sheathing
Sheathing Thickness 3/8" or greater 3/8" or greater
Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 4" O.C. 6d at3" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.
Studs
Type of Wood Douglas Fir Larch No. 1 Southern Pine No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16
Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 1.5 3
In-Plane Anchorage®
Min. Dia. of Overturning Anchors (in.) 0.226 0.503
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 2 19
Max Spacing of Shear Anchors (in.) 51.6 40.00
Type of Holddown Simpson Strongtie DTT2Z w/ 1/2" Bolt | Simpson Strongtie HDU5-SDS2.5 w/ 5/8" Bolt
Holddown Screws 8-SDS 1/4"x1 1/2" 14-SDS 1/4"x2 1/2"
Out-of--Plane Anchorage®
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 23 23
Max Spacing of Shear Anchors (in.) 31.30 31.30

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.
2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.

Diaphragms
| Roof
Sheathing
Sheathing Type Plywood Sheathing
Sheathing Thickness 3/8"
Span Rating 24/0
Sheathing Case 1
Minimum Nail Penetration 11/4"
Nail Size 6d
Edge Nailing 6d at 6"
Boundary Nailing 6d at 4"
Field Nailing 6d at 12"
Joists
Type of TJI Joist TrusJoist 14" TJI 360
Spacing (in.) 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1
Number of Chord Members 2
Depth Per Member (in.) 5.5
Width Per Member (in.) 1.5

1:1tisleft to the engineer of record to determine the blocking requirements.

63




Table B- 4:

Two-Story, 115 MPH Design Summary

Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 13/8" 13/8"
Nail Size 8d 8d
Edge Nailing 8d at 4" O.C. 8d at 3" O.C.
Field Nailing 8d at 12" O.C. 8d at 12" O.C.

1st Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 13/8" 13/8"
Nail Size 8d 8d
Edge Nailing 8dat6"O.C. 8dat6"O.C.
Field Nailing 8d at 12" O.C. 8d at 12" O.C.
Studs

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16

Chords'
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 3 3

In-Plane Anchorage®

Min. Dia. of Overturning Anchors (in.) 0.623 0.668
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 2 22
Max Spacing of Shear Anchors (in.) 51.6 34.29

Type of Holddown

Simpson Strongtie HDC10/22-SDS2.5 w/ 7/8" Bolt

Simpson Strongtie HDC10/22-SDS2.5 w/ 7/8" Bolt

Holddown Screws

24-SDS 1/4"x2 12"

24-SDS 1/4"x2 12"

Out-of--Plane Anchorage3

Dia, of Shear Anchor (in.) 0.5 0.5

Number of Shear Anchors 10 10

Max Spacing of Shear Anchors (in.) 72.00 72.00

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.

Diaphragms
1st Level Roof
Sheathing
Sheathing Type Plywood - 3 Ply Plywood - 3Ply
Sheathing Thickness 3/8" 3/8"
Span Rating 24/0 24/0
Sheathing Case 1 1
Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" 6d at 6"
Boundary Nailing 6d at 6" 6d at 6"
Field Nailing 6d at 12" 6d at 12"
Joists
Type of Tl Joist TrusJoist 16" TJI 560 TrusJoist 14" TJI 360
Spacing (in.) 16 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Number of Chord Members 2 2
Depth Per Member (in.) 5.5 5.5
Width Per Member (in.) 1.5 1.5

1:Itisleft to the engineer of record to determine the blocking requirements.
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Table B- 5: Two-Story, 140 MPH Design Summary

Exterior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.

1st Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.
Studs

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16

Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 1.5 1.5

In-Plane Anchorage2

Min. Dia. of Overturning Anchors (in.) 0.379 0.407
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 1 9
Max Spacing of Shear Anchors (in.) #DIV/0! 90.00

Type of Holddown

2 Simpson Strongtie DTT2Z w/ 1/2" Bolt

2 Simpson Strongtie DTT2Z w/ 1/2" Bolt

Holddown Screws

8-SDS 1/4"x1 12"

8-SDS 1/4"x1 12"

Out-of--Plane Anchorage3

Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 15 15
Max Spacing of Shear Anchors (in.) 48.00 48.00

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2:For d shear walls, in-pl. anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Interior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

15/32" or greater

Minimum Nail Penetration 13/8" 11/2"
Nail Size 8d 10d
Edge Nailing 8d at 3" O.C. 10d at 3" O.C.
Field Nailing 8d at 12" O.C. 10d at 12" O.C.

1st Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

15/32" or greater

Minimum Nail Penetration 13/8" 11/2"
Nail Size 8d 10d
Edge Nailing 8d at 6" O.C. 10d at 6" O.C.
Field Nailing 8d at 12" O.C. 10d at 12" O.C.
Studs

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16

Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 3 4.5

In-Plane Anchorage®

Min. Dia. of Overturning Anchors (in.) 0.695 0.758
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 4 26
Max Spacing of Shear Anchors (in.) 25.32 28.80

Type of Holddown

2 Simpson Strongtie HDU8-SDS2.5 w/ 7/8" Bolt

2 Simpson Strongtie HDU8-SDS2.5 w/ 7/8" Bolt

Holddown Screws

20-SDS 1/4"x2 12"

20-SDS 1/4"x2 1/2"

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2:For 1 shear walls, in-pl;

anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.

Diaphragms
| 1st Level Roof
Sheathing
Sheathing Type Plywood - 3 Ply Plywood - 3 Ply
Sheathing Thickness 3/8" 3/8"
Span Rating 24/0 24/0
Sheathing Case 1 1
Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" 6d at 6"
Boundary Nailing 6d at 6" 6d at 6"
Field Nailing 6d at 12" 6d at 12"
Joists
Type of TJI Joist TrusJoist 16" TJI 560 TrusJoist 14" TJI 360
Spacing (in.) 16 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Number of Chord Members 2 2
Depth Per Member (in.) 5.5 5.5
Width Per Member (in.) 15 15

1:Itisleft to the engineer of record to determine the blocking requirements.
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Table B- 6: Two-Story, 160 MPH Design Summary

Exterior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 4" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.

1st Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.
Studs

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16

Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 3 3

In-Plane Anchorage2

Min. Dia. of Overturning Anchors (in.) 0.433 0.465
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 1 11
Max Spacing of Shear Anchors (in.) #DIV/0! 72.00

Type of Holddown

Simpson Strongtie HDU4-SDS2.5 w/ 5/8" Bolt

Simpson Strongtie HDU5-SDS2.5 w/ 5/8" Bolt

Holddown Screws

10-SDS 1/4"x2 12"

14-SDS 1/4"x2 1/2"

Out-of--Plane Anchorage3

Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 20 20
Max Spacing of Shear Anchors (in.) 36.00 36.00

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2:For d shear walls, in-pl. anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Interior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

15/32" or greater

15/32" or greater

Minimum Nail Penetration 11/2" 11/2"
Nail Size 10d 10d
Edge Nailing 10d at 3" O.C. 10d at 2" O.C.
Field Nailing 10d at 12" O.C. 10d at 12" O.C.

1st Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

15/32" or greater

15/32" or greater

Minimum Nail Penetration 11/2" 11/2"
Nail Size 10d 10d
Edge Nailing 10d at 6" O.C. 10d at 4" O.C.
Field Nailing 10d at 12" O.C. 10d at 12" O.C.
Studs
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16
Chords®
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 4.5 4.5
In-Plane Anchorage’
Min. Dia. of Overturning Anchors (in.) 0.794 0.866
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 5 33
Max Spacing of Shear Anchors (in.) 18.99 22.50
Type of Holddown 2 Simpson Strongtie HDQ8-SDS3 w/ 7/8" Bolt 2 Simpson Strongtie HDQ8-SDS3 w/ 7/8" Bolt
Holddown Screws 20-SDS 1/4"x3" 20-SDS 1/4"x3"
1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.
2:For 1 shear walls, in-pl; anchorage is for each individual segment and for perforated chords are for the whole shearwall.
3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
Diaphragms
1st Level Roof
Sheathing
Sheathing Type Plywood - 3Ply Plywood - 3 Ply
Sheathing Thickness 3/8" 3/8"
Span Rating 24/0 24/0
Sheathing Case 1 1
Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" 6d at 6"
Boundary Nailing 6d at 6" 6d at 6"
Field Nailing 6d at 12" 6d at 12"
Joists
Type of TJl Joist TrusJoist 16" TJI 560 TrusJoist 14" T)I 360
Spacing (in.) 16 16
Blockingl
To be determined
Chords
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Number of Chord Members 2 2
Depth Per Member (in.) 5.5 5.5
Width Per Member (in.) 15 1.5

1:Itisleft to the engineer of record to determine the blocking requirements.
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TableB- 7: Three-Story, 115 MPH Design Summary

Exterior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.

1st to 2nd Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.

2nd Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.
Studs

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16

Chords"
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 3 4.5

In-Plane Anchorage?

Min. Dia. of Overturning Anchors (in.) 0.461 0.403
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 1 9
Max Spacing of Shear Anchors (in.) #DIV/0! 90.00

Type of Holddown

Simpson Strongtie HDU4-SDS2.5 w/ 5/8" Bolt

Simpson Strongtie HDU5-SDS2.5 w/ 5/8" Bolt

Holddown Screws

10-SDS 1/4"x2 12"

14-SDS 1/4"x2 1/2"

Out-of--Plane Anchorage3

Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 11 11
Max Spacing of Shear Anchors (in.) 65.45 65.45

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Interior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

19/32" or greater

Minimum Nail Penetration 13/8" 11/2"
Nail Size 8d 10d
Edge Nailing 8dat 3" 0.C. 10d at 3" O.C.
Field Nailing 8d at 12" O.C. 10d at 12" O.C.

1st to 2nd Level Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

19/32" or greater

Minimum Nail Penetration 13/8" 11/2"
Nail Size 8d 10d
Edge Nailing 8dat4" 0.C. 10d at 4" O.C.
Field Nailing 8d at 12" O.C. 10d at 12" O.C.

2nd Level to Roof Sheathing

Sheathing Type

Wood Structural Panels

Wood Structural Panels

Sheathing Thickness

3/8" or greater

19/32" or greater

Minimum Nail Penetration 13/8" 11/2"
Nail Size 8d 10d
Edge Nailing 8dat 6" O.C. 10d at 6" O.C.
Field Nailing 8d at 12" O.C. 10d at 12" O.C.
Studs

Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 12 12

Chords'
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 4.5 4.5

In-Plane Anchorage?

Min. Dia. of Overturning Anchors (in.) 0.845 0.752
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 4 28
Max Spacing of Shear Anchors (in.) 25.32 26.67

Type of Holddown

2 Simpson Strongtie HDU8-SDS2.5 w/ 7/8" Bolt

2 Simpson Strongtie HDQ8-SDS3 w/ 7/8" Bolt

Holddown Screws

20-SDS 1/4"x2 12"

20-SDS 1/4"x3"

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Diaphragms

1st Level | 2nd Level Roof
Sheathing
Sheathing Type Plywood - 3Ply Plywood - 3 Ply Plywood - 3 Ply
Sheathing Thickness 3/8" 3/8" 3/8"
Span Rating 24/0 24/0 24/0
Sheathing Case 1 1 1
Minimum Nail Penetration 11/4" 11/4" 11/4"
Nail Size 6d 6d 6d
Edge Nailing 6d at 6" 6d at 6" 6d at 6"
Boundary Nailing 6d at 6" 6d at 6" 6d at 6"
Field Nailing 6d at 12" 6d at 12" 6d at 12"
Joists
Type of TJl Joist TrusJoist 16" TJI 560 TrusJoist 16" TJI 560 | TrusJoist 14" TJI 360
Spacing (in.) 16 16 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1] Douglas Fir Larch No. 1] Douglas Fir Larch No. 1
Number of Chord Members 2 2 2
Depth Per Member (in.) 5.5 5.5 5.5
Width Per Member (in.) 1.5 1.5 1.5

1: It isleft to the engineer of record to determine the blocking requirements.
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TableB- 8: Three-Story, 140 MPH Design Summary

Exterior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels - One Side

Wood Structural Panels - One Side

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6dat 4" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.

1st to 2nd Level Sheathing

Sheathing Type

Wood Structural Panels - One Side

Wood Structural Panels - One Side

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6d at 12" O.C. 6d at 12" O.C.

2nd Level to Roof Sheathing

Sheathing Type

Wood Structural Panels - One Side

Wood Structural Panels - One Side

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 11/4" 11/4"
Nail Size 6d 6d
Edge Nailing 6d at 6" O.C. 6d at 6" O.C.
Field Nailing 6dat 12" O.C. 6d at 12" O.C.
Studs
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16
Chords’
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 3 4.5
In-Plane Anchorage’
Min. Dia. of Overturning Anchors (in.) 0.562 0.491
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 2 14
Max Spacing of Shear Anchors (in.) 51.6 55.38

Type of Holddown

Simpson Strongtie HDC10/22-SDS2.5 w/ 7/8" Bolt

Simpson Strongtie HDU8-SDS2.5 w/ 7/8" Bolt

Holddown Screws

24-SDS 1/4"x2 1/2"

20-SDS 1/4"x2 1/2"

Out-of--Plane Anchorage3

Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 20 20
Max Spacing of Shear Anchors (in.) 36.00 36.00

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2: For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Interior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels - Both Sides

N/A: Nominal Capacity > 2435 plf

Sheathing Thickness 3/8" or greater N/A
Minimum Nail Penetration 13/8" N/A
Nail Size 8d N/A
Edge Nailing 8d at4" O.C. N/A
Field Nailing 8dat 12" O.C. N/A

1st to 2nd Level Sheathing

Sheathing Type

Wood Structural Panels - Both Sides

N/A: Nominal Capacity > 2435 plf

Sheathing Thickness 3/8" or greater N/A
Minimum Nail Penetration 13/8" N/A
Nail Size 8d N/A
Edge Nailing 8d at6" O.C. N/A
Field Nailing 8d at 12" O.C. N/A

2nd Level to Roof Sheathing

Sheathing Type

Wood Structural Panels - One Side

N/A: Nominal Capacity > 2435 plf

Sheathing Thickness 3/8" or greater N/A
Minimum Nail Penetration 13/8" N/A
Nail Size 8d N/A
Edge Nailing 8d at6" O.C. N/A
Field Nailing 8dat 12" O.C. N/A
Studs
Type of Wood Douglas Fir Larch No. 1 N/A
Depth of Stud (in) 5.5 N/A
Width of Stud (in) 1.5 N/A
Spacing (in 0.C.) 12 N/A
Chords"
Type of Wood Douglas Fir Larch No. 1 N/A
Depth of Chord (in) 5.5 N/A
Width of Chord (in) 6 N/A
In-Plane Anchorage®
Min. Dia. of Overturning Anchors (in.) 1.029 N/A
Dia, of Shear Anchor (in.) 0.5 N/A
Number of Shear Anchors 6 N/A
Max Spacing of Shear Anchors (in.) 15.192 N/A
Type of Holddown 2 Simpson Strongtie HD12 w/ 1" Bolt N/A
Holddown Screws 4 - 1" Stud Bolts N/A

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2:For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Diaphragms

1st Level | 2nd Level Roof
Sheathing
Sheathing Type Plywood - 3Ply Plywood - 3 Ply Plywood - 3 Ply
Sheathing Thickness 3/8" 3/8" 3/8"
Span Rating 24/0 24/0 24/0
Sheathing Case 1 1 1
Minimum Nail Penetration 11/4" 11/4" 11/4"
Nail Size 6d 6d 6d
Edge Nailing 6d at 6" 6d at 6" 6d at 6"
Boundary Nailing 6d at 6" 6d at 6" 6d at 6"
Field Nailing 6d at 12" 6d at 12" 6d at 12"
Joists
Type of TJI Joist TrusJoist 16" TJI 560 TrusJoist 16" TJI 560 TrusJoist 14" TJI 360
Spacing (in.) 16 16 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1] Douglas Fir Larch No. 1| Douglas Fir Larch No. 1
Number of Chord Members 2 2 2
Depth Per Member (in.) 5.5 5.5 5.5
Width Per Member (in.) 1.5 1.5 1.5

1:Itisleft to the engineer of record to determine the blocking requirements.
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TableB- 9: Three-Story, 160 MPH Design Summary

Exterior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels - One Side

Wood Structural Panels - One Side

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 13/8" 13/8"
Nail Size 8d 8d
Edge Nailing 8d at4" 0.C. 8dat4" O.C.
Field Nailing 8d at 12" O.C. 8d at 12" O.C.

1st to 2nd Level Sheathing

Sheathing Type

Wood Structural Panels - One Side

Wood Structural Panels - One Side

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 13/8" 13/8"
Nail Size 8d 8d

Edge Nailing 8d at 6" O.C. 8dat6" O.C.
Field Nailing 8d at 12" O.C. 8d at 12" O.C.

2nd Level to Roof Sheathing

Sheathing Type

Wood Structural Panels - One Side

Wood Structural Panels - One Side

Sheathing Thickness

3/8" or greater

3/8" or greater

Minimum Nail Penetration 13/8" 13/8"
Nail Size 8d 8d
Edge Nailing 8d at 6" O.C. 8dat4" O.C.
Field Nailing 8d at 12" 0O.C. 8d at 12" 0.C.
Studs
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Stud (in) 5.5 5.5
Width of Stud (in) 1.5 1.5
Spacing (in 0.C.) 16 16
Chords’
Type of Wood Douglas Fir Larch No. 1 Douglas Fir Larch No. 1
Depth of Chord (in) 5.5 5.5
Width of Chord (in) 3 4.5
In-Plane Anchorage’
Min. Dia. of Overturning Anchors (in.) 0.642 0.561
Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 2 18
Max Spacing of Shear Anchors (in.) 51.6 42.35

Type of Holddown

Simpson Strongtie HDC10/22-SDS2.5 w/ 7/8" Bolt

2 Simpson Strongtie HDU5-SDS2.5 w/ 5/8" Bolt

Holddown Screws

24-SDS 1/4"x2 12"

14-SDS 1/4"x2 12"

Out-of--Plane Anchorage3

Dia, of Shear Anchor (in.) 0.5 0.5
Number of Shear Anchors 21 21
Max Spacing of Shear Anchors (in.) 34.29 34.29

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2:For d shear walls, in-pl.

3: For segmented and perforated shear walls, out-of-plane anchorage isfor the entire wall.
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Interior Shear Walls

Segmented

Perforated

Base to 1st Level Sheathing

Sheathing Type

Wood Structural Panels - Both Sides

N/A

: Nominal Capacity > 2435 plf

Sheathing Thickness 3/8" or greater N/A
Minimum Nail Penetration 13/8" N/A
Nail Size 8d N/A
Edge Nailing 8dat3"0.C. N/A
Field Nailing 8d at 12" O.C. N/A

1st to 2nd Level Sheathing

Sheathing Type Wood Structural Panels - Both Sides N/A: Nominal Capacity > 2435 plf
Sheathing Thickness 3/8" or greater N/A
Minimum Nail Penetration 13/8" N/A
Nail Size 8d N/A
Edge Nailing 8dat4" 0.C. N/A
Field Nailing 8d at 12" O.C. N/A

2nd Level to Roof Sheathing

Sheathing Type

Wood Structural Panels - Both Sides

N/A

: Nominal Capacity > 2435 plf

Sheathing Thickness 3/8" or greater N/A
Minimum Nail Penetration 13/8" N/A
Nail Size 8d N/A
Edge Nailing 8dat6" O.C. N/A
Field Nailing 8d at 12" O.C. N/A
Studs
Type of Wood Douglas Fir Larch No. 1 N/A
Depth of Stud (in) 5.5 N/A
Width of Stud (in) 1.5 N/A
Spacing (in 0.C.) 12 N/A
Chords"
Type of Wood Douglas Fir Larch No. 1 N/A
Depth of Chord (in) 5.5 N/A
Width of Chord (in) 7.5 N/A
In-Plane Anchorage®
Min. Dia. of Overturning Anchors (in.) 1.176 N/A
Dia, of Shear Anchor (in.) 0.5 N/A
Number of Shear Anchors 8 N/A
Max Spacing of Shear Anchors (in.) 10.85142857 N/A
Type of Holddown 2 Simpson Strongtie HD19 w/ 1 1/4" Bolt N/A
Holddown Screws 5 - 1" Stud Bolts N/A

1: For segmented shear walls, chords are for each segment and for perforated chords are for the whole shearwall.

2:For segmented shear walls, in-plane anchorage is for each individual segment and for perforated chords are for the whole shearwall.

3: For segmented and perforated shear walls, out-of-plane anchorage is for the entire wall.
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Diaphragms

| 1st Level | 2nd Level Roof
Sheathing
Sheathing Type Plywood - 3 Ply Plywood - 3Ply Plywood - 3 Ply
Sheathing Thickness 3/8" 3/8" 3/8"
Span Rating 24/0 24/0 24/0
Sheathing Case 1 1 1
Minimum Nail Penetration 11/4" 11/4" 11/4"
Nail Size 6d 6d 6d
Edge Nailing 6d at 6" 6d at 6" 6d at 6"
Boundary Nailing 6d at 6" 6d at 4" 6d at 6"
Field Nailing 6d at 12" 6d at 12" 6d at 12"
Joists
Type of TJI Joist TrusJoist 16" TJI 560 TrusJoist 16" TJI 560 TrusJoist 14" TJI 360
Spacing (in.) 16 16 16
Blocking1
To be determined
Chords

Type of Wood Douglas Fir Larch No. 1| Douglas Fir Larch No. 1] Douglas Fir Larch No. 1
Number of Chord Members 2 2 2
Depth Per Member (in.) 5.5 5.5 5.5
Width Per Member (in.) 1.5 1.5 1.5

1:Itisleft to the engineer of record to determine the blocking requirements.
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