Advancements in Force Transfer Around Openings
for Wood Framed Shear Walls
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Disclaimer: This presentation was developed by a third party and is not funded by WoodWorks or the
Softwood Lumber Board.




“The Wood Products Council” is
a Registered Provider with
The American Institute of
Architects Continuing
Education Systems
(AIA/CES), Provider #G516.

Credit(s) earned on completion
of this course will be
reported to AIA CES for AIA
members. Certificates of
Completion for both AIA
members and non-AlA
members are available upon
request.

This course is registered with AIA
CES for continuing professional
education. As such, it does not
include content that may be
deemed or construed to be an
approval or endorsement by
the AIA of any material of
construction or any method or
manner of handling, using,
distributing, or dealing in any
material or product.

Questions related to specific materials,
methods, and services will be addressed
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Course Description

A joint research project of APA — The Engineered Wood
Association, University of British Columbia (UBC), and USDA
Forest Products Laboratory was initiated in 2009 to examine the
variations of walls with code-allowable openings.

Test results from (8' x 12°) full-scale wall configurations, in
conjunction with the analytical results from a computer model
developed by UBC, were used to develop and refine rational
design methodologies in accordance with the International
Building Code (IBC).

This presentation provides an update of that research with a focus
on asymmetric piers and multiple openings. Rational design
methodologies in accordance with the IBC (and California
Building Code) will be shared.




Learning Objectives

Investigate past and current methods for determining force
transfer around openings for wood shear walls.

Compare the effects of different sizes of openings and full-
height piers, and their relationships to the three industry
standards for calculation of force transfer around
openings.

Assess new design methodologies for accurately
estimating the forces around multiple openings with
asymmetric piers.

Estimate the deflections for shear walls designed using the
force transfer around openings design method.



I Agenda I

Shear Wall Design Challenges
History of FTAO Research at APA
Advancements in FTAO

= Asymmetric Pier Widths

= Multiple Openings

= C-shaped Panels

= Deflection Calculations

= Conceptual Keys

= Benefits



Shear Wall Design Challenges




Shear Wall Design Challenges

(SDPWS 4.3.5)

Segmented . Force Transfer ; Perforated
1. Aspect Ratioup i1. Codedoesnot i 1. Code provides
to 2:1 for wind : provide specific
and seismic guidance for requirements
2. Aspectratioup i this method i 2. The capacity is
to 3.5:1, if : 2. Different determined
allowable shear |  approaches based on
is reduced by using rational empirical

1.25-0.125h/bs analysis could : equations and
be used tables



Segmented Wood Shear Walls
(SDPWS-08/15 Section 4.3.5.1)

= Only full height },_b_.{
segments V
are considered
» Max aspect ratio
* 2:1 — without
adjustment
*3.5:1 — with
adjustment
high seismic
* Changes for v \

SDPWS-15 H H H H

Aspect ratio h:b, as shown in figure



*

Perforated Shear Wall
(SDPWS-08/15 Section 4.3.5.3)
* Openings
accounted for V mmp
by empirical
adjustment
factor
* Hold-downs only at
ends
= Uplift between hold —
downs, t, at full height V
segments is also H t H
required Aspect ratio applies to full

height segment (dotted)



FTAO
(SDPWS-08/15 Section 4.3.5.2)

*Openings l
accounted for v
by strapping or
framing

» “based on a
rational analysis”

= Hold-downs
only at ends

* H/w ratio defined
by wall pier H H

Aspect ratio h:b as shown in figure



I Aspect ratio I

(SDPWS-15 4.3.4.2)

* Definition of h and w is the same as previous
code

= ALL shear walls with 2:1 < aspect ratios <= 3.5:1 shall
apply reduction factor, aspect ratio factor

= Aspect Ratio Factor (WSP) = 1.25-0.125h/bs

= Formerly applied only to high seismic
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I Shear distribution to shear walls in line I

(SDPWS-15 4.3.3.4.1)

" Individual shear walls in line shall provide the
same calculated deflection. Exception:

* Nominal shear capacities of shear walls having
2:1<aspect ratio<=3.5:1 are multiplied by 2bs/h for
design. Aspect ratio factor (4.3.4.2) need not be

applied.
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Typical FTAO Application

» Residential, Multifamily

= Single Opening

» Design assumes equal pier width
= Commercial

= Strap continuous wall line above and below openings
» Fully sheath wall

Field Survey

= 18+ sites fall 2010 (LA, Orange and San Diego
Counties)
= Multi-Family
= 40-90% of all shear applications utilized FTAO
» Single-Family
= 80% Minimum 1-application on front or back elevation

= 70% Multiple applications on front, back or both

= 25% Side wall application in addition to front or back
application

Shear Wall Design Challenges




I History of FTAO Research at APA I

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

Study was initiated in 2009 to:

= Examine the variations of walls with code-allowable
openings

» Examines the internal forces generated during full-scale
testing

» Evaluate the effects of size of openings, size of full-height
piers, and different construction techniques

* Create analytical modeling to mimic testing data



Research Overview

Study results will be used to:

» Support desigh methodologies in estimating the forces
around the openings

* Develop rational design methodologies for adoption in the
building codes and supporting standards

» Create new tools/methodology for designers to facilitate
use of FTAO |




Different Techniques for FTAO

*Drag Strut Analogy

= Cantilever Beam
Analogy

= Diekmann Method
* Thompson Method

APA



Different Techniques for FTAO

* Drag Strut Analogy

= Forces are collected
and concentrated
into the areas above
and below openings

= Strap forces are a v F'“ L, L2—>{
q

function of opening
and pier widths




Different Techniques for FTAO

= Cantilever Beam
Analogy

= Forces are treated as
moment couples

» Segmented panels
are piers at sides of
openings

= Strap forces are a
function of height
above and below
opening and pier
widths




I Different Techniques for FTAO I

= Diekmann

= Assumes wall behaves as
monolith

= |[nternal forces resolved via
principles of mechanics

Th - B



Design Examples

Bz.s'

2,000 Ibf
q

D —




I Design Example Summary I

Drag Strut Analogy

= F, = 284 Ibf
= F, = 493 Ibf
Cantilever Beam Analogy
= F, = 1,460 Ibf
= F, = 2,540 Ibf
Diekmann Method
= F, = 567 Ibf

= F, = 986 Ibf



References

Drag Strut Analogy

= Martin, Z.A. 2005. Design of wood structural panel shear walls
with openings: A comparison of methods. Wood Design Focus
15(1):18-20
Cantilever Beam Analogy
= Martin, Z.A. (see above)

Diekmann Method

» Diekmann, E. K. 2005. Discussion and Closure (Martin, above),
Wood Design Focus 15(3): 14-15

= Breyer, D.E., K.J. Fridley, K.E. Cobeen and D. G. Pollock. 2007.
Design of wood structures ASD/LRFD, 6th ed. McGraw Hill, New

York.
SEAOC/Thompson Method

= 2015 IBC SEAOC Structural/Seismic Design Manual, Volume 2:
Building Design Examples for Light-frame, Tilt-up Masonry
www.iccsafe.org. Structural Engineers Association of
California, Sacramento, CA



Test Data




I Test Plan I

»12 wall configurations tested (with and without
FTAO applied)

* Wall nailing; 10d commons (0.148” x 3”) at 2”
o.C.

»Sheathing; 15/32 Perf Cat oriented strand board
(OSB) APA Structural |

= All walls were 12 feet long and 8 feet tall

» Cyclic loading protocol following ASTM E2126,
Method C, CUREE Basic Loading Protocol



Wall1

Objective:
Est. baseline case for
3.5:1 segmented wall

Segmented

Wall 3

Objective:

No FTAO, compare to
Wall 1 and 2. Examine
effect of compression
blocking.

Wall is symmetric,
sheathing on right pier
not shown for clarity

Test Plan

1 2l_0"

Nail sheathing to blocking
same as edge nail spacing

2x flatwise
blocking

—

Wall 2

Objective:

No FTAO, compare to Wall 1.
C, = 0.93. Examine effect of
sheathing above and below
opening w/ no FTAO. Hold
down removed.

Objective:
FTAO, compare to Wall 1.
Examine effect of straps

Wall is symmetric,
sheathing and force transfer
load measurement on right
pier not shown for clarity

Plan view detail (2) HTT22 8

calibrated bolt

2x flatwise
blocking




Wall 5

Objective:

FTAO, compare to Wall
4. Examine effect of
straps with larger
opening

Wall is symmetric,
sheathing and force
transfer load
measurement on right
pier not shown for clarity

Test Plan

2x flatwise
blocking

FTAO with bigger opening

Wall 7

Objective:
Est. baseline case for 2:1
segmented wall

¢ 1 2!_0" >

5!_01!

1-10"

ﬂ

Wall 6

Objective:

Compare to Wall 4. Examine
effect of sheathing around
opening

2x flatwise
blocking

Wall is symmetric,
sheathing and force
transfer load
measurement on right
pier not shown for clarity

FTAO with C-shaped panel

Wall 8

Objective:
Compare FTAO to Wall 7

Wall is symmetric,
sheathing and force
transfer load
measurement on right
pier not shown for clarity

2x flatwise
blocking




Test Plan

Wall 9 Wall 10

—> 20" [+ —> 2'Q" |e—
Objective:
Compare FTAO to Wall 7 E—— Objective: ——=e—2

and 8. Collect FTAO data
for wall with larger
opening

FTAO for 3.5:1 Aspect ratio
pier wall. No sheathing below
opening. Two hold downs on
pier (fixed case)

Wall is symmetric,

sheathing and force Wall is symmetric, sheathing

transfer load t ol and force transfer load
measurement on right pier measurement on right pier not
not shown for clarity A shown for clarity

-5 0"

7'-0"
S=5
S

Wall 11 Wall 12 BN mp-o S

S Objective:
Objective: . ‘ FTAO for asymmetric
FTAO for 3.5:1 Aspect e multiple pier wall. Y

ratio pier wall. No
sheathing below

opening. One hold FTAO with 2

downs on pier (pinned . ¥

case) mUltlple

Wall is symmetric, openings and -

transfer load | asymmetric Pm

sheathing and force
measurement on right pier .
not shown for clarity T ] [T piers




Testing Observation

Wall 13

Applied Load (Ibf)

20,000

15,000

10,000

5,000

o

-5,000

-10,000

-15,000

-20,000

Top of Wall Displacement (inches)




Test Plan

Information obtained

» Cyclic hysteretic plots and various cyclic parameters of the
individual walls

* Hold down force plots
= Anchor bolt forces plots

» Hysteric plots of the applied load versus the displacement
of the walls

» Hysteric plots of the applied load versus strap forces



Test Data




Measured vs Predicted Strap Forces
Forces underestlmate_ by 300%

Measured Strap Error ® For Predicted Strap Forces at ASD Capacity (%)
Forces (Ibf) (" Diekmann
Drag Strut Technique | Cantilever Beam Technique| Technique | Thompson Technique
Wall ID Top Bottom Top Bottom Bottom Top/Bottom Bottom
Wall 4a 687 1,485 178% 82% 652% 183% 132% 115%
Wall 4b 560 1,477 219% 83% A 184% 133% 115%
Wall 4¢ © 668 1,316 183% 93% 670% 207% 149% 129%
Wall 4d 1,006 1,665 122% 73% 445% 164% 118% 102%
Wall 5b 1,883 1,809 65% 68% 327% 256% 173% 160%
Wall 5¢ © 1,611 1,744 76% 70% 382% 265% 187% 166%
Wall 5d 1,633 2,307 75% 53% 377% 201% 141% 125%
Wall 6a 421 477 291% 256% 1063% 571%
Wall 6b 609 614 201% 199% 735% 444%
Wall 8a 985 1,347 118% 86% 808% 359%
Wall 8b ¥ 1,493 1,079 78% 108% 533% 449%
Wall 9a 1,675 1,653 69% 70% 475% 383%
Wall 9b 1,671 1,594 69% 73% 476% 397%
Wall 10a 1,580 n.a. © 73% na. ©® 496%
Wall 10b 2,002 n.a. © 58% n.a. ® 391%
Wall 11a 2,466 na. ® 47% na. ©® 318%
Wall 11b 3,062 n.a. © 38% n.a. ©
Wall 12a 807 1,163 81% 94% 593% 348% 128% n.a. n.a.
Wall 12b 1,083 1,002 60% 109% 442% 403% 138% n.a. © n.a. ®




Local Response

* The response curves |
are representative for 566 |
wall1 & 2 4,000 |

= Compares segmented
piers vs. sheathed with

no straps 4,000 |
» Observe the increased
stiffness of perforated .0
shear (Wall 2) vs. the
segmented shear (Wall 1)

Applied Load (Ibf)
o

-8,000 |

Top of Wall Displacement (inches)



Wall 4

= Narrow piers

" Deep sill

Wall 4a

T
~——Top East
—Top West

—Bottom West

~——Bottom East

ap Forces Around Openings (Ibf)

-15,000  -10,000 -5,000
Applied Top of Wall Load (Ibf)

Testing Observation

2x flatwise

0 5,000 10,000 15,000 20,000



Testing Observation

Wall 5 |

* Increased opening from Wall 4 blocking
= Shallow sill

Wall 5d
12,000 T
—Top East
—Top West

E 10,000 —Bottom West
T‘fo —— Bottom East
2 8,000
(=
(]
o
b 6,000
c
3
°
< 4,000
"]
[]
o
S 2,000
Q
©
-
v 0

-2,000

-15,000 -10,000 -5,000 0 5,000 10,000 15,000

Applied Top of Wall Load (Ibf)




Local Response

Comparison of opening size vs. strap forces
= Compared Wall 4 to 5

Wall a8
12,000
—Top Uast
—-YOOVI’!I
12,000
g o
i €200
% 4000
g
= Q00
o
-1.000 3,000
20000 15000 30,000 S0 0 5000 10000 15,000 20000 15,000 10,000 4000 (-] $000 10,000

Agpled Top of Wall Load (R) Appled Top of Wall Load (B)




Global Response

20,000

= Comparison of opening size
vs. strap forces

= Wall 4 vs. 5 reduction in stiffness
with larger opening

= Wall 4 & 5d demonstrated
increased stiffness as well as

strength over the segmented 10,000
walls 1 & 2 -15,000

15,000

10,000

5,000

0

-5,000

Applied Load (lbf)

= Larger openings resulting in both 000

lower stiffness and lower strength.

» Relatively brittle nature of the perforated walls
= Shear walls resulted in sheathing tearing

/

/

— //’//
/' Z /
[/~ 4

0 1
Top of Wall Displacement (inches)

w
o

3
N



Conclusions

» 12 assemblies tested, examining the three approaches to
designing and detailing walls with openings

= Segmented
» Perforated Shear Wall
» Force Transfer Around Openings

» Walls detailed for FTAO resulted in better global response



Conclusions

» Comparison of analytical methods with tested values for
walls detailed as FTAO

* The drag strut technique was consistently un-conservative
* The cantilever beam technique was consistently ultra-conservative
= SEAOC/Thompson provides similar results as Diekmann
= SEAOC/Thompson & Diekmann techniques provided reasonable
agreement with measured strap forces
» Better guidance to engineers will be developed by APA for
FTAO
= Summary of findings for validation of techniques
= New tools for IRC wall bracing




C-shaped Panels

= APA FTAO Test Wall 6

* Framing status quo
* Reduce/eliminate _ =

strap force

2x flatwise
blocking




Deflection Calculations - Concept

v+ 01"

1 82+

— = = = e — = = = — — — — —

A = average(d4*, 0,* ,05%,
61-9 82-9 83-)




Deflection Calculations

= Wall drift estimation when using FTAO

= Historical 4-term deflection equation
= Average deflection, varying h
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Advancements in FTAO

Strapping Above and Below Openings
= SDWPS Section 4.3.5.2 specifies collectors

» Full length horizontal elements.

Top & Bottom Plates, drag struts,
beams, etc..

» Transfer forces from diaphragm
into shear wall

= Strapping is not a collector
= Can be discontinuous

= Resists internal tension forces
not shear

= Similar to hold downs at end of wall




Report Available

www.apawood.org/publications

DESMON & BULD ABOUT US FEATURED SITES

TIATURTD MU ¥ w
AFA Engmeesrsc Wood Commucocn Gucde E2D

Enter “Force
Transfer”

. FEATUNLD PUSCAlON
or “M41 0” h ] Cowde 10 e 2018 RC Weod Wall Bracing Provisions

149 pages, 28.5 MB

| 2018 structural Pacel A Engireeres Wood Yeartook N O-E 84




Asymmetric Pier widths

» Martin, Diekmann (Wood Design Focus, 2005)

Discussion and Closure —

il P ==l Plhane LAl sadtds Maanimace

“Design of St

A Compar
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Editor"s Note: The Imien
ing states, “design for i
tonal method of asmsly
above.

Figures 1 and 2 from
are. A figure develapni
ures in Martin's origimi

Design of Wood Structural Panel Shear Walls
with Openings: A Comparison of Methods

Zeno Martin, P.E.

Introduction

Existing methodalogies for designing shear walls to re-
sist lateral loads are in place, however, several different ap-
pronches are possible for designing shear walls with open-
ings. This paper provides a comparison of methods for
designing shear walls with openings, starting with the tradi-
tional segmented approach, then the perforated shear wall
methodelogy, and finally the force transfer sround open-
ings procedure. All three approaches are incorporated in
the 2003 International Bufiding Code and specific references
are shown herein,

Design of Shear Walls with Openings
The methods shown are for example purposes only and

donot constitute the only solutions passible to the problem.
in that in

lo=4 b= 2 ft
lz=4 Hh h = 8 &t

Example 1.—Design as a Traditional (Segmented)
Shear Wall
Cakculate unit shear the wall shall resist, v:

v v=317 pif

ve —_—

I +1

Assumes full height segments get an equal unit shear, an-
other approach could distribute Joad based on wall length
or stiffness, but in this case an aspect ratio adjustment fac-
tor will be usad which is intended to provide near equal
stiffness amoeg narrow (greater than 2:1 aspect ratio) and
wide than 2:1 ratio) wall




Advancements in FTAO

» SEAOC Convention 2015 Proceedings

» Basis of APA Technical Note T555 Published January 2018

2015 SEAOC CONVENTION PROCEEDINGS

Advancements in Force Transfer Around Openings for Wood
Framed Shear Walls

Abstract

A joint research project of 4P4 — The Engineered Wood
Association, University of Bntish Columbia (UBC), and
USDA Forest Products Laboratory was initnated mn 2009 to
examine the vanations of walls with code-allowable
openings. This study examines the internal forces generated
during these tests and evaluates the effects of size of

openings, size of full-height piers, and different analysis
techniques, including the segmented method, the perforated

a

Karyn Beebe, P.E., LEED AP BD+C
APA
San Diego, CA

Tom Skaggs. P.E., Ph.D.
APA
Tacoma, WA

Introduction

Force wransfer around openings (FTAQ) is a popular method
of shear wall analysis for wood-framed shear walls. However,
the analysis method varies from engineer to engineer,
published desizn examples typically assume the wall is
symmetric around 2 single opening, and unal recently, this
design method has not been tested.




Multiple Openings

* APA FTAO Testing Wall 12
» Multiple openings
= Asymmetric pier widths

= Diekmann Rational Analysis




Diekmann Technique: Conceptual Keys

The method assumes the following:

* The unit shear above and below the openings is
equivalent.

* The corner forces are based on the shear above and below
the openings and only the piers adjacent to that unique
opening.

* The tributary length of the opening is the basis for
calculating the shear to each pier. This tributary length is
the ratio of the length of the pier multiplied by the length of
the opening it is adjacent to, then divided by the sum of
the length of the pier and the length of the pier on the
other side of the opening.

* For example, T1 = (L1*Lo1)/(L1+L2)




b oeorern echmicuie: Concentuatkers. |

eikmann Techniquie: Conceptual Keys

The method assumes the following:

* The shear of each pier is the total shear divided by the L of
the wall, multiplied by the sum of the length of the pier and
its tributary length, divided by the length of the pier:

= (V/IL)(L1+T1)/L1

* The unit shear of the corner zones is equal to subtracting
the corner forces from the panel resistance, R. R is equal
to the shear of the pier multiplied by the pier length:

= Va1 = (v1L1 - F1)/L1



Diekmann Technique: Conceptual Keys

The method assumes the following:

* Once the entire segment shears have been calculated,
then the design is checked by summing the shears
vertically along each line. The first and last line equal the
hold-down force, and the rest should sum to zero.



FTAO Technical Note: Form T555

* Technical Note: Design for
Force Transfer Around
Openings (FTAO)
= APA Form T555

* Presents a rational analysis
for applying FTAO to walls
with asymmetric piers and
walls with multiple openings

= Based on Wall 12 testing
configuration

Design for Force Transfer : !z' g
Around Openings (FTAQ)




FTAO Technical Note: Form T555

* Provides a design example —
for FTAO wall with two AT S e
window openings R

= FTAO Calculator: Companion | ——
to Technical Note ol o o |’




Design Example

26’-0”
3,_6!; 3!_0’& 4!_0” b 6!-0” b 4,_0” b 2!-01;3!_6,
vz 7 7 ¢ T 1

8!_0”

V =3,750 Ibs



Segmented Approach 15/32” Rated sheathing
8d @ 4”0.c. (3'-6” walls)
8d @ 6” o.c. (4’ walls)

8 — hold downs @ 2000+
Ib capacity

Force Transfer 15/32” Rated Sheathing

8d @ 4”o.c.

2 — hold downs @
1,550 Ib capacity

2 Straps — 865 Ib

Perforated 15/32” Rated Sheathing

8d @ 3”o.c.

2 — hold downs @
3280 Ib capacity

extensive plate
anchorage




www.apawood.org/FTAO

PRODUCTS RESOURCE UBRARY DES & BUILD ABOUT US FEATURED SIT

. | Force Transfer Around Openings (FTAO) m“‘:,grm Shoar Well Design |

VERSATILE SHEAR WALL ANALYSIS ME THOD LENDS GREATER DESIGN FLEXIBILITY Puzzies with Force Transfec Around
Openings, DES415, AWC

Provices an ovarview of the Socce
tramaiee arcund opanings (FTAD) shaae
wall design approach. recent research
FTADH erathod . dde Allass Say & e ohat rrahad NG a3 a0 sl by e
oo ' 1oy TR g o i S ooy Compannon of Geakn reauls Detwen
¢ Mose versatility bacauss the FTAD method alows for e use of narrowsr wall sagmants while mesting requirad Baight1o-widih ratics boganisd pecforated and FIAD
i design meods AW ICC and NCSEA
o A Wb Balhood Bt fewer hold-downs bé tequred credita avallable Presented by Jaced
Henaley, PE. APA Engineerad Wood
Speciaint

| | Technical Note: Design for Force Transfer Around Openings

Drugt vt Mue Sands a y - ’ s o B o] ' W J y < - :
'~:-"h-r"\* ‘ alls with muliple cpenings 1t s based upon APA modeling and 199809 and uses mathodoiogy that LEARN MORE
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www.apawood.org/FTAO

Technical Note: Design for Force Transfer Around Openings

g e S e % This technical note prosents a rational analysis 1or applying FTAOQ 10 walls with asymmetnic plers and
walls with multiple cpanings It is based upon APA medaling and testing and uses methodology that

avsints the design professional in solving for the requiked shaathing. nalling, hold.downs, straps. and

maxieum daeflaction

- m—— DOWNLOAD

APA Force Transfer Around Openings Calculator

Thiss caleadator is an Excel-based tood for pofessional designers that uses FTAOD
methodolegy te calcuiate maximum hold-down force for upiit resistance. the required
horizonlel strap force foe the termion straps sbove end Lelow openings, the maximum
shear focce to detorming sheathing anachment and the maximum deflection of the wall
systam_ The cakulator includes workshasts for shear walls with ona. two. and thres
openings and a design cxample

DOWNLOAD

A% FTAO CALCULATOR

CORCE TRANSFER APCILNG OPENING




APA FTAO Calculator

* Excel-based tool released January 2018
» Based on desigh 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)

APA Force Transfer Around Openings Calculator

This caiculator is an Excalt-basad 100! for professional dasigners that usas FTAQ
methodelogy o calculate maximum hold-down force for upiift rasistance. tha raquired
heorizomal strap force for the tension sraps above and balow opanings, tha maximum
shear force 1o detarmine shaathing attachmant. and the maxdmum deflection of tha wall
system. Tha calcufator includes workshaats for shear walls with one, two. and thiee
oOpEnings and & design axampia

2% FTAO CALCULATOR

DOWNLOAD
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TAO Calculator: Limitations

* Limited to shear walls with up to three openings

* Only provides design for wall systems utilizing wood
structural panel wall sheathing

* Assumes that all window opening heights are equal

= Users should utilize the wall dimensions at the largest openings
when inputting the heights of openings

* The ‘Stud Size’ input is limited to the stud sizes shown in
IBC Table 2308.5.1

= For instances of uncommon wood stud or column dimensions, an ‘A
Overide’ cell is provided

* The nail type input allows for the input of 8d common or
10d common nails

» Uses the most conservative published values for rigidity
of wall sheathing and shear wall stiffness APA



APA FTAO Calculator

www.apawood.org/FTAO

For(e Tronsfm Around Openmgq (-olculoto:

The fos e 0 g | r[u(:r.l'

L approach eno

in@ the he

Force Transter Around Openings (FTAQ) Cakulator Instructions
The APA FPorce Transfer Around Openings (FTAD) Calculator is divided into three worksheets: shear wall with one opening, shear wall with two openings, and shear wall with three
openings. Fach caloulation tab will produce the maximum hold-down force for uplift resistance, the required hozontal strap force for the tension straps above and belaw
openings, the maxamum shear force to determine sheathing attachment, and the maximum deflection of the wall system
To use the caleulator, Input the requited infermation into the G input cells: definitions for the requared cell inputs can be found below. Move quickly between input cells by
using the TAB key. Cartain input cells, such as the Holc-Down Capacity Input in the defiection calculation, have comment dialogue to clarity the input,

Variables for Shear Wall Calculations
V = Applied shear a4 lateral force 31 top of wall in pounds (I1b),
Ui} = Length of individual wall pier segrment as indicated by L1, L2, L3 and L4 measured in feet (1),
Lo{l) = Length for individual dear openings as indicated by Loi, Lo2 and Lo3 measured in feet (f1).
hol =Maximum diear opening height of any opening in the wall ystem. Will be reported as hol, ho and ho3 measured In feet (ft).
hal = Height of continucus sheathing above the apening in correlation with hol above., Will be reported as hal, haZ ant hal measurad in feat [ft),
hbt = Helght of continuous sheathing below the opening in coerelation with hol abave. Will be reported as hbl, hb2 and hb3 measured in feet (ft).

Boa = Totsl cakculated hesght of shear wall from bottom of sill plate to top of top plate messured in feet (ft). Calculated as the surmmation of hol, hal, and hbl.
Low = Total calculated length of shaar wall measurad in feat (ft). Calculated as the summation of L{l) and Loft).

Variables for shear Wall Deflection Calculations

Dnc Openmu Yno C'Ltr'ar‘qs Yl‘rec Opening! .. &) I [s



FTAO Calculator: Design Example

www.apawood.org/FTAO

Force Transter Around Openings Calculator

Project: Detipgn Exarmple
Wall Line:
LN 1ol M) Lim Lodit (S
r pesmane e — - - ————— —t- et
vy e
}1
e
e
D,
»
el 11}
- -
Shear Wall Calculation Varlables
v 2750 1ot Oparving 3 Qpening 2 wall Dier Aspect Ratio Ady. Facsor
Ls 40oMn hat| a3sn ha2 L3N Pishol/Lle 0.67 NIA
2 acof hol| L67h ho2 2671 P2ehol/L2= 0.67 N/A
(& ] 330t hbl) 4.00 #t ho2 400h Pi=hol/L3= 0. N/A
Aot 800t o1} €00 ft Lo 200N
Let 19501
1. Hold down forces: H = Vi /L, 1538 1ot 6. Unit shear beside openln( .
2. Unit shear abave + below opening V1 (W/ANUTI = 337 pit
First opens halehb]) = 748 pif V2 (VANTIN2e T2 = 188 pit
N - MR oM ME= MO MYAM LAY - WA M

Carmnd Anan
sstruchons & Defintiom

Owsigm [xampie

Ore Openng

T™wo Opernangs

Three Openings (+

APA



FTAO Calculator: One Opening

www.apawood.org/FTAO

Force Transter Around Openings Calculator

(Hent:
Project
Wall Line:
L Ll (8 3]
o - ee - — -——
hi_% IR
j
4
E|
J g
4
E
J
S A
| )
- -
Shear Wall Calkculation Varlables
y: GODeng 2 el Prer Aspect Ratio | Ad). Factor
u bl Sivhod/L1n
2 hol 2ehol/L2
. 0.00 1 hb3!
low o00n Lol
1. Hold-down Sosces: 1« VR A, 6. Unit whear Baside opening
V= (VAU TS »
2. Lamit shear abowe « Below opening VIS IVANTIRANAZ
First opening: val avbl » M\ Coack VITLIV2"OW?
i chioes & Detrdicons Oetgn Laamph w0 Openny Theee Openngn >

|

APA



Force Transfer Around Openings Calc ulator

Project nfoemation

FTAO Calculator: Two Openings

www.apawood.org/FTAO

Spfec

Designes:

Cent:

Project:

Wall Line

LU lok ™) s Ladm ARN

L -

(—

LS

.
. L™ J
Shear Wall Calculation Vi lables
v ning § _Mr_ﬁ“ _'_Won Pier Ajpeact Ratio Ad) Factor
u hat | ha2 Q.00 % PIahol/Lie
Q hod | ho2 Qoon P2xho2/L2»
(8 hul o2 Soon PInO2 e
L 0.00 1t Lot | el
(- 0001
1. Hold-dowm fosces: 1« VRN, 6. Unit whear Baside opening
2. Uit shear shove « below opening ) T T e v A -
First cpening: val » vbl « M/{halehbs) « V2w VAT 13)/1L2 »
Sttt Dttt et s i) o s nadabht » WA MU A LA .
midruchions & Defentiom Deugn Laarrgie One Op --.nql Two M I"-vn Operngn .
e——

3



FTAO Calculator: Three Openings

www.apawood.org/FTAO

Force Transfer Around Openings Calculator

Ly Lalim; L) Lediv) (O ek L
. - - = e Rt -t o b - e
Yo ! !
4 '
1
el .
i| §
' |
1
A
Legel™)
- -
Sheat Wl Calculation Varlables
1 -

v —penengl DOpeningd Opening3d _Wall Pler Aspect Ratio | Ad) Factor

u "l L 000 hal nooN Plsmol

I hol ho2 000t hol o0 PO\

3 hbi ho2 000N ol Q0 PR3N3

(2 Lol o2 (F ) PLemol /LA

Ny 0.00 ft
leor L1 )]
1. ModS-Soven forces: W« VI, &. Unit shear beside opening

natnehems A Defestion

T Al sha s shoen o halme coanine
Qengn Tsamgle

MY =D eI A .

Orw Cpenng r-m«‘.cvng.l Three Openings I *
| |

APA
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I FTAO Calculator: Inputs I

» V — Applied shear force at the top of the wall (Ib)
» L(i) — Length of each wall pier segment
» Lo(i) — Length of each clear opening

* ho1 — Maximum clear opening height of any opening in the
wall system

* ha1, hb1 — Height of continuous sheathing above and
below the opening
= Correlates with the opening height

» h,,, — Total calculated height of the shear wall from
bottom of sill plate to top of top plate (ft)

= L. — Total calculated length of shear wall (ft)

3
>



FTAO Calculator: Inputs

L1(ft) Lol(ft) L2(ft) Lo2(ft) L3(ft)
V (Ib)
5
E=
i s
< H
£
I
F
g
Lyanl(ft)
Shear Wall Calculation Variables
Vv 3750 Ibf Opening 1 Opening 2 Wall Pier Aspect Ratio Adj. Factor
L1 4.00 ft hal 1.33ft ha2 1.33ft P1=hol/L1= 0.67 N/A
L2 4.00 ft hol 2.67 ft ho2 2.67 ft P2=ho2/L2= 0.67 N/A
L3 3.50 ft hbl 4.00 ft hb2 4.00 ft P3=ho2/L3= 0.76 N/A
Pyas 8.00 ft W\ Lol 6.00 ft o2l  2.00ft

Livas

19.50 ft \



FTAO Calculator: Inputs

L1(ft) Lol(ft) L2(ft) Lo2(ft) L3(ft)
V (Ib)
-~
S
= g
£
I
3
£
Lyan(ft)
Shear Wall Calculation Variableg
Vv 3750 Ibf Opening 1 Opening 2 Wall Pier Aspect Ratio Adj. Factor
L1 4.00 ft hal 1.33ft ha2 1.33ft P1=hol/L1= 0.67 N/A
L2 4.00 ft hol 2.67 ft ho2 2.67 ft P2=ho2/L2= 0.67 N/A
L3 3.50 ft! hbl 4.00 ft hb2 4.00 ft P3=ho2/L3= 0.76 N/A
Py 8.00 ft Lol 6.00 ft Lo2
Luas 19.50 ft




FTAO Calculator: Shear wall analysis

1. Hold-down forces: H =Vh /L ..a ) 1538 |bf

6. Unit shear beside opening

2. Unit shear above + below opening V1=(V/L)(L1+T1)/L1= 337 plf
First opening: val =vbl =H/(hal+hbl) = 288 plf V2 = (V/L)(T2+L2+T3)/L2 = 388 plf
Second opening: va2 =vb2 = H/(ha2+hb2) = 283 plf V3 =(V/L)(T4+L3)/13 = 244 plf
Check V1*L1+V2*12+V3*L3=V? 3750 Ibf OK
3. Total boundary force above + below openings
First opening: O1=valx (Lol) = 1731 Ibf 7. Resistance to corner forces
Second opening: 02=va2x (Lo2) = 577 Ibf R1=VI*ll= 1346 Ibf
R2=V2*2= 1551 Ibf
4. Corner forces R3=V3*13= 853 Ibf
F1=01(L1)/(L1+L2) = 865 Ibf
F2=01(L2)/(L1+L2) = 865 Ibf 8. Difference corner force + resistance
Stra P I F3=02(L2)/(L24L3) = 308 Ibf R1-F1= 481 Iof
F4 = 02(L3)/(L2+L3) = 269 Ibf R2-F2-F3 = 378 Ibf
Forces Rs-a= 583 I
5. Tributary length of openings
T1=(L1*Lo1)/(L1+L2) = 3.00 ft 9. Unit shear in corner zones
T2 = (L2*Lo1)/(L1+L2) = 3.00 ft vel = (R1-F1)/L1 = 120 plf
T3 =(L2*L02)/(L2+L3) = 1.07 ft ve2 = (R2-F2-F3)/L2 = 95 plf
T4 = (L3*L02)/(L2+L3) = 0.93 ft ve3 = (R3-F4)/L3 = 167 plf

APA




FTAO Calculator: Shear wall analysis

Ll
i 3 il 1 i
Hi®) Miib)
Check Summary of Shear Values for Two Openings
Line 1: vel(hat+hb1)svi(hol)sH? 641 897 1538 Ibf
Line 2: val{hal+hbl)-vel(hal+hbl)-Vi(hol)=0? 1538 64l 897 0
Line 3: ve2(hat+hb1)+v2(hol)-val{hal+hbl)=0? S04 1034 1538 0
Line &: va2{ha2+hb2)- v ho2)-ve2{ha2+hb2)0? 1538 1034 S04 0
Line S: va2(ha2+hb2)-ve3(ha2+hb2)-v3(ho2)=0? 1538 849 650 0
Line &: ve3(ha2+hb2)+ V3(ho2) = H? 889 650 1538 Ibf
Deslign Summary
Req, sheathing Capacity | 358 pif & Term oeaea.o;:l 0.316 kn. 3 Term Deflection] 0.335 in.
Req. Strap Force] 865 Ibf 4 Term Story Dyift 0.013 % 3 Term Stosy Drift ’6[ 0,014 %
fleq. HD Force (H)| 1538 b4 See Page 2 See Page 3

APA



FTAO Calculator: Design Output

Design output:

* Required sheathing capacity

* Required strap force above and below openings
* Required hold-down force

* Maximum deflection

Design Summary
Req. Sheathing Capacity| 388 plf 4-Term Deflection| 0.316in. 3-Term Deflection 0.335in.
Req. Strap Force| 865 Ibf 4-Term Story Drift %| 0.013 % 3-Term Story Drift % 0.014 %
Req. HD Force (H)| 1538 Ibf See Page 2 See Page 3

3
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FTAO Calculator

Shear Wall Deflection Calculation Variables

Sheathing: Wood end Post Values:
0SB ~ Sheathing Matenial Species: Hem-Fir No.2
7/16 performance Category €] L60E+0S |(psi)
APA Rated Sheathing  Grade Qty Stud Size
Dimensions: 2 | 2:6
Gt Override Al 165 g
Ga Overide A Override: {In.%)
Four Term Fgquation Detlection Check
A= 4+ 2 v075he 44,7 (Equation 23-2)
Pler1-L Pler 1-R Pler 2-L Pier 2-R Pler 3-L Pier 3-R
Sheathing:|  7/16 7/16 7/16 7/16 7/16 7/16
Nail:} 8d common 8d common | 8d common  8d common | 8d common  8d common
Vasd' 337 337 368 368 244 244
Virengo 431 481 254 24 348 348
E:| 1.60FE+06 1.60E+06 1.60E+06 1.60E+06 1.60F«06 1.60F406
h: 3.0 4.0 4.00 4.00 4.00 8.00
10,5 105 105 16.5 16.5 16.5
G| 83,500 83,500 83,500 83,500 83,500 83,500
Nail Spacing: - 4 4 4 - -
vn: 160 160 188 185 116 118
e; 0.01/72 0.0172 0.0264 0.0264 0000 0.00065
b: 4.00 4.00 4.00 4,00 3.50 3.50
HD Capacity: 2145 2145 21458 2145 2145 2145
HD Dell: 0.128 0.128 0.128 0.128 0.128 0.128

(pif)
(plf)
{pat)
{f2)
(in)
(loffin.)
{in.)
(pif)
{in.)
(fr)
{11)
{in.)

Nail Type:  8d common  (penny weight)
Plerl : Pler3
Nail Spacing: 4 i 4
WD Capacity: 2185 2145
HD Deflection: 0,128 0.128

; fin.)

(1bf)
(in.)

The calculator does not
check the sheathing
selection for the
required capacity
calculated above.
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Three-Term Equation Deflection Check

FTAO Calculator

Sheathing:
Nail:

Vaegt
Virrength'

E:

h:

Ga:

b:

HD Capacity:
HD Defl:

8vh?® vh hA,
%= EAb * 10006, * b (4.3-1)
Pier 1-L Pier 1-R Pier 2-L Pier 2-R Pier 3-L Pier 3-R
7/16 7/16 7/16 7/16 7/16 7/16
8d common 8d common | 8d common 8d common | 8d common 8d common
337 337 388 388 244 244
431 431 554 554 348 348
1.60E+06 1.60E+06 1.60E+06 1.60E+06 1.60E+06 1.60E+06
8.00 4.00 4.00 4.00 4.00 8.00
16.5 16.5 16.5 16.5 16.5 16.5
22.0 22.0 22.0 22.0 22.0 22.0
4.00 4.00 4.00 4.00 3.50 3.50
2145 2145 2145 2145 2145 2145
0.128 0.128 0.128 0.128 0.128 0.128
Check Total Deflection of Wall System
Pier 1 (left) Pier 1 (right)
Term1 Term 2 Term 3 Term1 Term 2 Term 3
Bending Shear Fastener Bending Shear Fastener
0.019 0.175 0.459 0.002 0.087 0.115
Sum 0.653 Sum 0.205
Pier 2 (left) Pier 2 (right)
Term1 Term 2 Term 3 Term1 Term 2 Term 3
Bending Shear Fastener Bending Shear Fastener
0.003 0.101 0.132 0.003 0.101 0.132
Sum 0.236 Sum 0.236

(plf)

(pif)
(psi)

(ft)

(in.%)
(kips/in.)
(ft)

(1bf)

(in.)

Total
Defl.

0.335
0.0140

(in.)
%drift

APA
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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 include in
calculation package

* Print directly from Excel
= Save as PDF

l
l
l
3
b



I Benefits of FTAO with Continuous WSPs I

For the Structural Engineer...
= Straightforward rational analysis
= Easy to program: Excel, APA Worksheet
* Design check = confidence in calculations

CHECK

Line 1: val(ha+hb)+V1(ho)=H? 641 897 1538

Line 2: va(ha+hb)-val (ha+hb)-V1(ho)=0? 1538 641 897 0
Line 3: va2(ha+hb)+V2(ho)-valha+hb)=0? 504 1034 1538 0
Line4 =Line 3

Line 5: va(ha+hb)-va3 (ha+hb)-V3(ho)=0? 1538 889 650 0
Line 6: va3(ha+hb)+V3(ho)=H? 889 650 1538




Benefits of FTAO with Continuous WSPs

Architectural flexibility
= Definition of aspect ratio

» Building envelope
= Uninterrupted drainage plane
= Minimize water intrusion .

Four D's of Design

! \
1. Deflection flI[s R
‘I \ 1 ,l
2. Drainage ’F ‘\‘ !
ing AL
3. Drying N\ j 'iL \J

4. Durable




Benefits of FTAO with Continuous WSPs

Value proposition
* Reduction of more costly components

= Continuous nail base + stiffer wall = fewer callbacks due to:
» Stucco cracking, water intrusion, wall buckling

y ’ N
- | J ARy ™
* - -
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Learning Objectives

Investigate past and current methods for determining force
transfer around openings for wood shear walls.

Compare the effects of different sizes of openings and full-
height piers, and their relationships to the three industry
standards for calculation of force transfer around
openings.

Assess new design methodologies for accurately
estimating the forces around multiple openings with
asymmetric piers.

Estimate the deflections for shear walls designed using the
force transfer around openings design method.



Questions/ Comments?

—_—_—— _,‘_,, -
* * This concludes The American .

"‘ Institute of Architects Continuing

Educatlo\r\1/ystems Cours -

Robert A Kuserk, PE
Bob.Kuserk@apawood.org (856)305-2995 www.apawood.org



mailto:Karyn.beebe@apawood.org



