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Course Description

From wall bracing to FTAO, there are many ways to secure the walls of a

building. It's great to have options, but how do you evaluate which is best

for a project? As architects and builders, you may be in the dark about

this evaluation process being made by your structural engineer and how it

impacts your architectural vision and ease of construction. And as an
engineer, you may have always gone with the status quo. But what could

you be overlooking? This session examines shear wall options along with

the pros and cons of each to help building professionals determine and

communicate what structural approach is best for your next wood framed
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project.
APA
Learning Objectives
= |dentify the shear wall options allowed by the International
Building Code (IBC).
= Recognize the difference between shear wall solutions per
the International Building Code and wall bracing per the
International Residential Code.
= Assess the practical implications of shear wall solutions
from construction to architectural design.
= Describe APA’s resources and APA’s research into Force
Transfer Around Openings.
APA
Agenda
= What is a shear wall? .—@—
= Shear wall options —_—
= Comparison of shear wall options [ \/
= APA Resources ¢
APA




What is a Shear Wall?

= Walls that resist lateral loads

(wind and seismic)

=‘Engineered’

= May contain additional hardware (ex.

strapping or lateral tie plates)

= May be only a portion of alonger wall
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8
Load Path
A load path takes a load on the structure from the point
of origin to the foundation.
There are 2 types of load paths:
Vertical Load Path Lateral Load Path
- fairly intuitive - not as intuitive
APA
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Load Path Basics
Wall Framing _—Hinge
Hinge -
— APA
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Load Path Basics

Wall Framing

‘ — =

Panel resistance  |s ,/'S_
imparted towall = °

framing |
(Prevents hinging)
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Lateral Load Failures

Racking

Base Shear

Overturning
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Load Path Basics

Shear Walls
= Nailing from panels == /=
to framing resists
shear in wall

Racking

3
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Whole House Effects of Lateral Load Path Failures

Racking

10/26/2022
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Load Path Basics

Shear Walls

= Anchor bolts
resist base shear

Base Shear

3
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Whole House Effects of Lateral Load Path Failures

3
5
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Load Path Basics

Shear Walls

= Hold downs resist
overturning

Overturning

ara
-: - OVeI’turning
Overturning

Overturning Ao o wte o« caodlolo S et S e A e o
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I House —to — Foundation I

Overturning Loads — Hold-Downs

Overturning l ld oo o 2o o )
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Load Path Basics
Shear Walls
= Components of a shear v
wall
= Sheathing
= Blocking
= Chords
= Higher aspect ratio =
higher deflection
t APA
21
Agenda
= Shear wall options —@—
= What type of building are you designing? — ~/
= What does the IBC and IRC allow? V
— V
_—
APA
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What type of building are you designing?

Single Family

= International Residential Code (IRC)
= Wall bracing

= International Building Code (IBC)
= Shear walls

= Hybrid approach (IRC & IBC)
= Wall bracing & Shear walls

3
5
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Evolution of Home Designs

2000-on

wrmerr

197

24

A Guide to the Wood
Wall Bracing Provisions

2018 IRC Wall Bracing
46 pages on wall bracing
(includes simplified wall bracing)
281-page guide

3
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Wall bracing in a nutshell

Follow the recipe!
= |dentify design criteria = “Lateral Load”
= Seismic Design Category (SDC) & Wind speed
= Check irregularity requirements (High seismic only)
= Geometry of building: # Stories, Wall heights, Spacing between braced wall lines
= Resistance
= Select bracing method & material:
= Intermittent or continuous
= WSP or GB, for example
= Layout the bracing panels in accordance w/IRC prescribed placement and length
rules
= Confirm Resistance > Lateral Loads, if not add more bracing

3
5
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Shear Walls vs. Braced Wall Panels

Shear Walls Braced Wall Panels
(SWs) (BWPs)

BOTHresist lateral loads

BOTH may contain
holdowns, straps or lateral tie plates

Engineered (IBC) Prescriptive (IRC)
Range from 2" to 6" 0.c. Typically*, 6"0.c.
edge nails edge nails

3.5:1 Aspect Ratio Limit ~ Typically*, 48" minimum
width

*Where narrow BWPs are used, special detailing is used.

27

When to use a SW vs. a BWP?

= Structures that aren’t covered under
the IRC
= Sizeloccupancy/geometry of structure
= Wind/earthquake loads
= Limited space for BWPs (lots of

windows/doors on the elevation)

= BWP length of wall, end distance, and distance
between panels requirements

= Minimum panel width requirements
= SW may be more familiar

28
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Alternates?

| = ey

Perkemuaee of Feb Sl Soeating
ckpene: Dosign Vil
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2021 International Building Code (IBC)

Multifamily and Nonresidential
= International Building Code (IBC)
= ASCE 7
= SDPWS

Minimum Dasign Loads and.
Assocloted Crteiafor
Buidings and Other Siructuros

3
5
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Evolution of Co

e

mmercial Designs

Religious Multifamily/Commercial

31
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I How Are Shear Walls Designed? I

= Special Design Provisions for Wind and
Seismic
(SDPWS - spid-wiz)

= Referenced in US building codes and used to design
wood structures worldwide

= SDPWS allows 3 different methods
= Segmented, Perforated or Force Transfer Around
Openings (FTAO)
= Each one has different restrictions and requirements
regarding shear walls

3
s

32

CLT Diaphragm Design for
Wind and Seismic Resistance

I Wood Shear Wall Design I

Shear Values

= Function of fastener size and spacing, panel thickness
and the specific gravity of the framing materials

= Values in tables in SDPWS-21

= Alternately, capacities can be calculated by principles of
mechanics

3
>
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Shear walls in a nutshell

There is no recipe!

= Analyze structure to quantify design load for each wall
= IBC Ch 16 and ASCE 7

= Shear wall design
= SDPWS
= Select design option

= Can mix design methods throughout structure, even within wall line provided designed
and detailed to provide load transfer

10/26/2022
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Shear Wall Design Challenges
(SDPWS-21 4.3.2)
No openings Shear wall may include multiple openings
allowed
Force Transfer Around
Segmented Perforated Openings (FTAO)
= Original design = Design using D :
approach 2nmdp|lr6\\cb?e\sequau0ns raeuso‘%g\ uasr:glgysws
APA
36

Segmented Wood Shear Walls
= Only full height, solid ey
segments considered

= Aspect ratio calculated
using full wall height

= An 8 wall with a 4’ panel has an
aspect ratio of 2:1

e

= Hold-downs required on v
each segment H H H H

Aspect ratio h:bs as shownin figure

37

12



Perforated Shear Wall

= Aspect ratio calculated using
full wall height \

= All sheathing is considered
for resistance

= Restrictions on opening sizes

= Uplift anchorage at full height
segments required

= Hold-downs only at ends

10/26/2022
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Perforated Shear Wall Approach

= Table 4.3.5.6 Shear Capacity Adjustment Factor, Cy

Percent Percentage Wall Area Openings (Ao / Awail

Ful- 0% [10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% |
Height
prieri] Shear Capacity Ratio, Co

10 .00 .00 [ 1.00 | 1.00 .77 .63 | 0.53 0.45 0.40 0.36
20 .00 .00 .00 .91 .71 .59 | 0.50 0.43 0.38 -

30 00 [1.00 | 1.00 | 083 | 067 | 056 48| 0.42 N

40 00 [1.00 | 1.00 7 63 | 053 45 A

50" 00 .00 .91 71 59 50

60° .00 .00 | 0.83 67 56

70 .00 .00 77 63

80 .00 | 0.91 i |
90 .00 | 0.83 |
100% 00

3
5
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Force Transfer Around Openings (FTAO)

= All sheathing is considered
for resistance

= Hold-downs only at ends

= Shear transferred around
openings via strapping and
blocking

= Aspect ratio calculated = = e
using pier height

3
5
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FTAO Research at APA

Joint research project
= APA - The Engineered Wood
Association (Skaggs & Yeh)
= University of British
Columbia(Lam & Li)
= USDA Forest Products
Laboratory (Rammer &
Wacker)

10/26/2022
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Design Example Results

Max Strap Force (Ibf)

0 500 1000 1500 2000 2500 3000

= Drag Strut Analogy

= F1 =489 Ibf
= F2 =285 Ibf
= Cantilever Beam Analogy
= F1=2,779 Ibf
* F2=1,368 bt |
= Diekmann Method
= F1=979 Ibf
= F2=570 Ibf I
= Thompson Method
= F1=570 Ibf ] P
= F2=979 Ibf APA
42
Test Plan
= 12 assemblies tested, examining the three approaches to
designing and detailing walls with openings
= Segmented
= Perforated Shear Wall
= Force Transfer Around Openings
= All walls were 12 feet long x 8 feet tall
= Wall nailing: 10d commons (0.148" x 3") at 2" o.c.
= Sheathing: 15/32 PERF CAT oriented strand board (OSB)
APA Structural | [
APA
43
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Test Plan
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= Wall 4

= Shallow sill

= Narrow piers

Testing Conclusions

= Lower stiffness and lower strength
= Wall 4 & 5 (FTAO walls) stiffer and stronger than Walls 1&2
(segmented and perforated)

2« hatwize
blacking

= Deep sill Jﬁ ‘
= Wall 5 | '
= Increased opening from Wall 4 2xfamice

bodking

Se 11

1

3
5
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Measured vs. Predicted Strap Forces

Measured Strap GLASD Cap: @)
Forces (b | Diekmann | sEA0CIThompson
Drag St Technique | Cantiever Beam Technigue| Techriaue Technique
wallip Top Bottom Top Bottom o Bottom _| Top/Bottom Bottom
Wall 4a 687 1485 8% a2% 163% 1525 115
wal db 560 1,477 219% a3t 164% 153% 115
walac™ | eas 1316 183% a3t 207% 149% 120% _——
waas | 1006 1,665 122% 3% 1619 6% 102%
—analsismethod | Wals | 1883 1809 65% 8% 256% 7% 160% = analysis method
ess thanlabresulis | wallsc® | 1611 1,744 6% 0% 265% 187% 166% | greaterthaniab
waisa | 163 2507 75 535 tesults by>300%
Wall 6a 21 an 1% 256%
wall 6 609 614 201% 100%
Wall 6 565 1347 T16% Bt
walgb® | 1408 1079 5% 108%
Walsa | 167 1653 oo 70%
ware | 16m 1,504 6% 3%
Wall10a | 1580 na 3% na
wailob | 2002 na.® se na.®
Walllla | 2466 na % na @
wallub | soe2 na 3% na ® B
Wailiza | 607 1163 a6 % APA
waizb | 1083 1,002 60 109% i

48

—wl 16" [

— 4w
—

4.0

= Accurate analys
= Diekmann Techni

2ugqm 40" ‘

asymmetric piers

Multiple Openings and Asymmetric Piers

. = APA FTAO Testing Wall 12
*2'-5'% = Multiple openings
= Asymmetric pier widths

is method
que

= Expanded to incorporate
multiple openings and

3
5
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= Structurally
= Architecturally

= Constructability

Agenda

= Comparison of shear wall options

ASNNN

3
5
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Segmented

+ Design is straight
forward

- Don't capture
strength of
sheathing around
openings

Perforated

+ Design capacities
adjusted based on
number and size of
openings

- Connection design
required at base o
each full height
segment

Structural Design Comparison

Force Transfer

+ Walls detailed for
FTAO resulted in
better global
response

- Increased stiffness
and strength

51

Segmented Approach

Structural Design Comparison

[ —

15/32 Category Rated Sheathing
8d @ 4"o.c. (3'-6" walls)
8d @ 6" 0.c. (4' walls)
8 — hold-downs @ 2,000+ |b capacity

Perforated

| i

H v, V.t

15/32 Category Rated Sheathing
8d @4"o.c.
2 —hold-downs @ 2,435b capacity
extensive plate anchorage

Force Transfer

15/32 Category Rated Sheathing
8d @4"o.c.
2 —hold-downs @ 1,550 Ib capacity
2 Straps - 8651b

3
5
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Bracing for Lateral Loads: Racking Strength

APA Full-Scale 3D Wall Bracing Tests, Form T2007-73

CS-WSP resists 88% more
load than WSP bracing

WSP wall bracing — Base case

Diagonal bracing resists
31% of WSP load

10/26/2022
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Building for High
Wind Resistance
54
Connections between floors
7 Iy
b d
N —\\Q
55
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Architectural Impacts

= Shear wall choices affect

= Architectural vision

= Shear walls with narrower aspect ratios = more doors and windows

3
5
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Aspect Ratio Examples

1000

3
B |
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Architectural Impacts

= Shear wall choices affect

= Building envelope
= Moistureintrusion
= Air intrusion
= Energy efficiency

= Cladding attachment

3
5
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Prevent Moisture Intrusion

Four D's of Wall Design

1. Deflection <«

10/26/2022

2. Drainage h
~
3. Drying
4. Durable - —_
APA
59
Prevent Moisture Intrusion
= Smart Vapor Retarders
= APA Technical Note J450
»
< e
& L%
/4,////
T ey T aAPa
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AIR BARRIER

INSULATION OPTIONS

3
5
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Wood Structural Panels in Air Barrier Systems

Recognized as air barrier
materials by:

= ASHRAE

= International Residential Code

= International Energy
Conservation Code

= National Building Code
of Canada

62

I Wood Structural Panels I

in Air Barrier Systems

= Must be installed continuously [ E=

= Select durable materials

= Save on energy bills

= Airtightness is a key
function of a building’s
overall energy performance

63

Wood Structural Panels in Air Barrier Systems

APA Technical Topic E Technical Topics

" FOI'm TT_107 }ercrmnh\ll\\ﬂ\\u\d&mﬂum\l’zlﬂsu
= Answers questions regarding the =
performance of wood structural panels in
air barrier systems
= Free download at www.apawood.org

64
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Fully Sheathed Walls for Higher R-Values

Insulation Options | o i |

= Spray-in-place cellulose, ;
fiberglass and mineral wool

= Spray foam

= Blanket batts and rolls

65
DID YO KNOW?
10 Benefits of Wood Structural Panel Wall Sheathing
Fully Sheathed Wood Walls
SIMPLIFY ﬁlDlN(;ﬂ TRIM J L BRICK TIES O
APA
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dvantages of
Nail-Base Sheathing

= Eliminates the need for precise
fastener spacing.

= Allows for the use of shorter
fasteners.

= Helps ensure that siding
remains in place during
high-wind events.

= Eliminates the need for
blocking when siding ends
don’t fall on studs.

67

22



for Siding and Trim Attachment

[ N |

ail-Base Sheathin

10/26/2022
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‘Nail-Base Sheathin
for Siding and Trim Attachment

APA Construction Guide

= APA Form Q250
= Provides guidance regarding the use of
wood structural panel wall sheathing as a
nail base
= Applicable for cladding materials with
weights up to 3 psf
= Free download at www.apawood.org

69

‘Nail-Base Sheathin
for Siding and Trim Attachment

TABLE 1

Fastener Substitution Schedule for
Sheathing Performance Category
Fastener Diameter Fastener Type 8 716
41 qu— ERl
s b for Smoothor screwe (us# 3 oddionol {use 2 odditionol
Une ;;:e::ﬁ;;'::, i shank nails fasteners per specified  faslaners per specified
fastener spacing) astener spocing)
Ring-shank nails’ 11— 1 -
Wood serews* - 1 g
1.25-inch inte spruce-

nails,
siding procsct with o woight of not mora than 3 psf.

based on framing lurber

Please note: See 2021 IRC Section R703.3.4

70
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Tested and Code Accepted

71
‘Nail-Base Sheathin
for Siding and Trim Attachment
APA Technical Topic Efechniml Topics
= APA Form TT-109 L i
= Applicable for cladding materials with
weights up to 11 psf
= Free download at www.apawood.org
72
Nail-Base Sheathing
for the Attachment of Brick Ties
— TS
73
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Nail-Base Sheathing
for the Attachent f Brick Ties |

74

Nail-Base Sheathing
for the Attachment of Brick Tie

3
>
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Nail-Base Sheathing
for the Attachment of Brick Ties

IRC 2021

TABLE R7038.4(2)
REQUIRED BRICK TIE SPACING FOR DIRECT APPLICATION TOWOOD STRUCTURAL PANEL SHEATHING= <

........ size
TE | (o oR ScREW ) [
1876,
fres
o081 12116,
) 212
Ring :
S s, | ) i [ )
o 124 | 1ens | 1ot | 1624 | tene | ens | e | oo | g | 6 | g
— s, | ien2 | ez | lene | e | iei2 | oz | am | o | e |
wi | e | e | e | e | e s, | 2 | g | 26
26, | iz | a2 | ae | i | oo 2 1212 2
212 212
APA
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Constructability

= WSP installation basics
= Hardware needs

3
s
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Constructability Shear Walls

= Wall sheathing
= Plywood or OSB

= Orientation APA
6

SIZED FOR SPACING
EXPOSURE 1

THICKNESS 0.451 IN.

000 —
PS20 SHEATHING
RP-108_HUD-UM-40

73 PRP-108_HUD-UM-4
N [ 15/32 CATEGORY

3
s

Resource: APA Technical Topics: Plywood or OSB? Used as Intended, the Two Products are Interchangeable, Form TT-047

78

Constructability

Hold-down hardware

3
s
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Improper hold down installation

Vamavam=

3
>
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Floor to floor load transfer options

3 1
Using Wood Structural Panels for
Combined Uplift and Shear Resistance - —_
[ — 7 | PA

Designfor Combinad Shear and Uit rom Wind

81

FTAO Detailing

= Strap location

= OQutside = Inside = Discontinuous

82
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FTAO Detailing

= Blocking
= Inside

10/26/2022
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.......... It's an FTAO World!

Going for Bold:
Window into Afforde
=

8 0ch beoks o am incuse future with

* Narrower Piers

« Larger Openings

¢ Reduced Hold-downs

3
s
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Case Study: Santa Barbara Apartments

= Value engineering save

Sustainable

85
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Benefits of Wall Sheathing

Wall Sheathing ‘
= Racking/shear resistance \%&
= Wind pressure resistance

= Nonstructural benefits

= Installation:
= Per engineer’s design

= Min.fastening: 8d nails @ 6" o.c.
perimeter and 12" o.c. in the field min.

A5

3
5
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DID YO KNOW ?
10 Benefits of Wood Structural Panel Wall Sheathing
Fully Sheathed Wood Walls
87
Agenda
= APA Resources -—@—
= Wall bracing — ~/
= Shear walls \/
— Vv
— Vv
‘APA

88
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Resources
www.iccsafe.org www.apawood.org
= [tem 7102512 = Form F430

Introduction to
Wall Bracing

10/26/2022

APA
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APA Wall Bracing Calculator
www.apawood.orghwall-bracing-calculator
‘ara Introducing the APA Wall Bracing Call
A G
CALCULATOR
>
Introducing the APA Wall Bracing Caleulator
STEP BY STEP
APA
90

APA Wall Bracing Calculator

Benefits: TR

= The user locates the bracing
segments, which offers user
creativity while automating the
code check, flagging incorrect or
insufficient design. WAL LI PLAN W

= The output makes plan review clear s
and concise, and implementation
into the construction plans
straightforward.

1

9.

91
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www.apawood.org/FTAO

92
Report Available
www.apawood.org/publications
Enter “Force
Transfer”
or “M410”
149 pages, 28.5 MB
APA
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FTAO Technical Note: Form T555

kesg = Technical Note: Design for Force

Transfer Around Openings (FTAO)

= Presents a method for applying FTAO
to walls with asymmetric piers and
walls with multiple openings based on
the Diekmann technique

= Based on Wall 12 testing configuration

* Includes a design example with 2 wall
openings

3
5

94

31



APA FTAO Calculator

= Excel-based tool updated January 2022
= Based on design methodology developed by Diekmann
= Calculates:
= Max hold-down force for uplift resistance
= Required horizontal strap force above and below openings
= Max shear force for sheathing attachments
= Max deflection

= Design example corresponds
with FTAO Technical Note,
Form T555

% FTAO CALCULATOR

10/26/2022
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FTAO Calculator: Final Output

Final Design Output
= Summary of input parameters
= FTAO shear wall analysis

= Summary of final design
requirements

= Total calculated deflection

= Three-page shear wall design to
includein calculation package

= Print directly from Excel
= Save as PDF

96

Agenda

ASNNN

= Conclusion

3
5
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Questions?

98
APA Update Newsletter
(www.apawood.org)
November 2020
APAUPDATE
Zea
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APA Update Newsletter
(www.apawood.org)
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—
APA Update Newsletter

(www.apawood.org)

Field Services Division Territories

3
b

102

Field Services Division Territories

'ORK WITH APA

W e il Brcnse o cunren fob cpies.

T
19
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Thank you!

=

www.apawood.org
www.apawood.org/help
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