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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 AlA 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 wil be
addressed at the conclusion of this presentation.
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Design for Force Transfer Around Openings

Webinar Attendee Survey

Noah Humberston
Engineered Wood Specialist
Northeast Region

https://lwww.apawood.org/ftao-survey
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Design for Force Transfer Around Openings

Learning Objectives

1. Overview of the tool’s development and a brief
history of APA’s FTAO research

2. The main benefits of the design tool, including
key features and design capabilities

3. Demonstration of the tool’s operation and
design inputs

4. Highlight the design outputs and end product
that the tool provides
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The Main Ideas

= Review code requirements for shear walls and FTAO
methods

= Understand APA's FTAO research
= Demonstrate calculator’s inputs and operation
= Highlight outputs
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Shear Wall Design Challenges
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Design for Force Transfer Around Openings

Shear Wall Design Challenges
(SDPWS-21 4.3.2)

Sl

Segmented Perforated Force Transfer
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Design for Force Transfer Around Openings
Individual Full-Height Wall Segments
(SDPWS-21 Section 4.3.2.1)
= Only full height segments v
considered
= Aspect ratio calculated h
using full wall height
= Hold-downs required on
each segment
Aspect ratio h:bg as shown in figuie
APA
8
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Perforated Shear Wall
(SDPWS-21 Section 4.3.2.3)

= Openings accounted for by V m—p
empirical adjustment factor

= Aspect ratio calculated using
full wall height

= Uplift anchorage at full height
segments required

= Hold-downs only at ends
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Force Transfer Around Openings
(SDPWS-21 Section 4.3.2.2)
Vi

= Hold-downs only at ends

= Shear transferred around openings
via strapping and framing

= Aspect ratio calculated using pier height

4/10/2024
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Aspect Ratio
(SDPWS-21 Section 4.3.3)

= Definition of h and bs is the same
as previous code
= All shear walls with 2:1 < aspect ratios < 3.5:1
shall apply aspect ratio adjustment factor
= Aspect Ratio Factor (WSP) = 1.25-0.125h/bs \
= The adjustment factor listed prior to the 2015 =

SDPWS may still be used (SDPWS-21 section Fig. 4E h:t;s ratio FTAO
4.3.5.5.1 Exception #1)
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FTAO Research at APA

Field Survey

= 18+ sites (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
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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)

= Study was initiated to:
= Examine the variations of walls with code-allowable h/bs ratios
= Evaluate the effects of size of openings, size of full-height piers and
different construction techniques
= Examine the internal forces generated during full-scale testing and
compare to FTAO analysis methods
= Create analytical modeling to mimic testing data

4/10/2024
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Design for Force Transfer Around Openings

FTAO Research at APA
Study results were used to:

= Support design methodologies in N
estimating the forces around the %
openings Ny —_—

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

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

—=
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Different Techniques for FTAO
= Drag Strut Analogy

= Cantilever Beam Analogy
= Diekmann Method
= Thompson Method

15




Different Techniques for FTAO:
Drag Strut Analogy

= Segments above and below v, R R e g
openings are drag struts aabasads oo
= Corner forces are a function S a4

of opening and pier widths v Sl
> I
« 4—\;—4— Fe

|
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Different Techniques for FTAO:

Cantilever Beam Analogy

= Wall is broken into segments 10— ﬁ:

=Forces are treated as moment @[4 e
couples =,

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

=
§4

[
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Design for Force Transfer Around Openings

Different Techniques for FTAO:

Diekmann (and Thompson) ez X

= Assumes wall behaves as monolith
= Internal forces resolved via principles of

v2 3008

mechanics

= Corner forces are a function of pier length s Dekmam ¢ e
and height of sheathing above and below oo o o
opening Thompson S v equial A== Thompson

= Diekmann method assumes unit shear is B e e )
equal above and below opening D*FD}D

= Thompson method assumes unit shear is L. o S
equal across piers APA
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Design Examples

24
2000 Ibf ‘%4' - a‘—ﬁ

N
*h
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Design for Force Transfer Around Openings

Desigh Example Results

= Drag Strut Analogy = Diekmann Method
=F1 =489 Ibf =F1 =979 Ibf
=F2 =285 Ibf =F2 =570 Ibf

= Cantilever Beam Analogy = Thompson Method
=F1=2,779 Ibf =F1 =570 Ibf
=F2 = 1,368 Ibf =F2 =979 Ibf
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Laboratory Testing
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Design for Force Transfer Around Openings

Test Plan

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

= All walls were 12 feet long and 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 |

3
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Test Plan

- Objectve: e s
o | Na FTAO, comaere o i 1
=055 Examine efectof
5 sheathing above anc below
E1 opening w! 1o FTAC, Hole
18 coun removed

b - ‘
¥ ":

/ N shestring o blocking
same a5 edge nal pacing

g

2taine
bocking

=

2ctaine
bocking

L

T
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Test Plan

Onectve
FTA, compare to Wall

Compare to Wl 4, Examine
afec of shestring rcunc

4 o
Strags wih larger
apening

messurement on right
P nct shown forcr

FTAO

Osjectve
Ex baveine case or 21 [r—d-0—] fo—s-o—] Objectve
segmectedval

Vst s symemere o
sheatting and foxce atvise
ransirlond blcking

euremert n it
Bl ot shown forclary
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Test Plan

Wall9 Wall 10

oscve:
Compare FTAD oWl 7

Objective:
a0 B Colloct FTAD csta FTAG 10351 Aspect o
ot e e pierwal Nosheating below
Wl symemeti

sheatring and

et o2

ek shown e ey

Wall 11

Objectve
FTAD for 3611 Aspect
raio i vl N
Sheating below
opening One nold
‘Gouns on e (pened s 5

FTAO with multiple

e openings and
P asymmetric piers | 1
praiad b
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Test Plan

Information obtained
= Hold-down force plots
= Anchor bolt force plots

= Plots of the applied load versus the
displacement of the walls

= Plots of the applied load versus strap forces

= Cyclic hysteretic plots and various cyclic
parameters of the individual walls
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Testing Observations

10,000

= Local response of -
segmented and 6000
perforated walls oo
= Increased stiffness of % -
perforated (red) vs. -
segmented (blue) i
-6,000

-8,000

-10,000

5 4 3 2 1 0 1 2 3 4 5
Top of Wall Displacement (inches)
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Design for Force Transfer Around Openings

Testing Observations

=Wall 4

= Narrow piers

2x latwise
blocking

= Tall sill

t

=Wall 5

= Increased opening
from Wall 4

2x Tlatwise
blocking

= Low sill

> |

T

-
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Design for Force Transfer Around Openings

Testing Observations

Global response:

= Correlation between opening size
vs. corner forces

= Larger openings resulted in both
lower stiffness and lower strength

=Wall 4 & 5d demonstrated
increased stiffness as well as
strength over non-FTAO walls 1 & 2
(segmented and perforated)

20,000

15000

10,000

5,000

0

5,000

Applied Load (1bf)

10,000
15,000

20000
K

10 1 2 3 4 s
Top of Wall Dispacement inches)
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Testing Observations

wre Failure modes expected (Wall 5 —
FTAO wall with bigger opening)
= Relatively brittle nature of walls with openings

= Concentration of forces from analysis
(Thompson Method)

3
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Testing Observations

Failure modes
=Variable stiffness between area

for Force Transfer Around Openings

adjacent and area below opening

4/10/2024

Design for Force Transfer Around Openings

= analysis method
less thanab results.

Testing Observations

Measured Strap.

Eror ™ For Predicted Sirap Forces af ASD Capaciy (%)

Forces (Ibf) SEAOC/Thompson
Drag Strut Technique _| Cantiever Boam Techniquel
Wail D Tor Bottorn Top
Wal 4a w7 Taes 5%
walao | 500 1 | 2o
Wall 4c & 668 1316 183% 93% 129%
Walad | 1006 1,665 223 3% 102%
Walsh | 188 7400 0 % To0%
Wall 5¢c & 1,611 1744 76%
waisd | 16 2307 75%
Wal 6a a1 T %
waleo | 600 614 201%
Wal 6 %5 (D
Wall 8 1,493 1,079
Walsa | 1675 =
walse | 1671 1594
Wall 10a 1,580 na ™
Wall 100 2,002 na &
Waitia | 246 | na ™
Wall 11b 3,062 na
Wail2a | 807 16
wai12o | 1,088 1.002

= analysis method
greater than lab
results by > 300%

APA

32

C-Shaped Panels
APA FTAO Test Wall 6

= Framing status quo some places

= Reduce/eliminate strapping

2x flatwise
blocking

APA
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Design for Force Transfer Around Openings

Testing 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
= Increased stiffness and strength

3
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Design for Force Transfer Around Openings

Testing 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

= Thompson provided similar results as Diekmann

= Thompson & Diekmann techniques provided reasonable agreement
with measured corner forces

Use results to provide better guidance to engineers for FTAO

= Summary of findings for validation of techniques

= New tools for FTAO shear wall design
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Strapping Above and Below Openings

= SDPWS Section 4.3.2.2 specifies
collectors between the diaphragms
and the shear wall shall be full length
= 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
= Long enough to develop tension force

= Install strapping on interior or exterior

APA

36
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Report Available

www.apawood.org/publications

Enter “Force
Transfer”
or “M410”

149 pages, 28.5 MB

37
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Multiple Openings and Asymmetric Piers

= APA FTAO Testing Wall 12 —»

1-6"

«— 40—
[a— —

2072 :2'-6'»‘

= Multiple openings
= Asymmetric pier widths

= Accurate analysis method
= Diekmann Technique 5
= Expanded to incorporate
multiple openings and

asymmetric piers

o4
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Diekmann Technique: Conceptual Keys

The method assumes the following:
= The unit shear above and below the openings is equivalent.

Unit shear equal —<

—
N

3
>

39

13



Design for Force Transfer Around Openings

Diekmann Technique: Conceptual Keys

The method assumes the following:

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

P1| o1 | P2 | 02| P3

4/10/2024
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Design for Force Transfer Around Openings

Diekmann Technique: Conceptual Keys

The method assumes the following:
= Each pier assigned a tributary length (T) of each adjacent

opening.
= Provides basis for calculating shear to each pier.
L1 Lg| L2
L1 . ~
™ =) Lo1 P1| o1 P2 | 02 | P3
bt bt

3
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Design for Force Transfer Around Openings

Diekmann Technique: Conceptual Keys

The method assumes the following:

= The unit shear (v) of each pier is calculated using the unit
shear of the wall and the tributary length of the pier.
i L |

o |

V—
(L1+T1) , V
L1 T P1| o1 e o2 P3\

1

vl=

3
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Design for Force Transfer Around Openings

The method assum

es the following:

_(v1*L1)—F1

vel 1

Py

= The unit shear of the corner zones (vc) is equal to
subtracting the corner force from the shear force in the pier,
and then dividing by the length of the pier.

P1 o1

P2

02

P3

Diekmann Technique: Conceptual Keys

3
5
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The method assum

V—s

es the following:

P1

o1 P2 02

P3

Diekmann Technique: Conceptual Keys

= Sum the shears vertically along each line to check the design.
= First and last line equal hold-down force.
= Remaining lines sum to zero.

3
>

44

Design for Force Transfer Around Openings

Aspect rati
limitations

—n

Diekmann Technique: Limitation

Use engineering judgement for aspect ratios greater than
6.5:1 above or below the opening.

—

T

—

L —
N
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Design for Force Transfer Around Openings

Deflection Calculations - Concept

Sheathing below the openings aids in resisting deflection

v+ 3" 3," 35"
— < = ‘o \!— Sy 8y [y

X
[}
1
I
)
|l
1
1
|
/ﬁ
h,
— 1

PG - | IRV A

A = average (3,*, 8,*,3;*, e —
81,8, 83)

==

I
i
3|
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FTAO Technical Note: Form T555

= Wall drift estimation
when using FTAO

= Historical 4-term
deflection equation

47

Design for Force Transfer Around Openings

FTAO Approach

N 1967 1
s, 30 0 |, e 0 20
1 1 il il

V =3,750 Ibs
Height/width Ratio = 2’-8” : 3’-6” = 0.76:1
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Design for Force Transfer Around Openings

FTAO Design Example

\ L

"
L1 Lo1 L2 ,l02)3
\'
288 <
- — =
| 2'-8” <
6.8 | s
288 288 5
il
Wooo T T T T T T T T T “H

1. Calculate the hold-down forces:
H=Vh/L = 3750# x 8°/19.5’ = 1538#
2. Solve for the unit shear above and below the openings:
va = vb = H/(ha+hb) = 1538#/(1.33'+4’) = 288 plf
The unit shear above and below the openings is equivalent.

4/10/2024
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Design for Force Transfer Around Openings

FTAO Design Example

T Lol , L2 ,lo2)3
\" 1 il )
<]
,,,,,,,, . <
.87 I P
6-8” P <
£

e ——

H H
3. Find the total boundary force above and below the openings
First opening: O1 = va x (Lo1) = 288 plf x 6’ = 1731#
Second opening: 02 = va x (Lo2) = 288 plf x 2’ = 577#
The corner forces are based on the shear above and below the
openings and only the piers adjacent to that unique opening.

3
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Design for Force Transfer Around Openings

FTAO Design Example
N L
L1 Lo1 L2 Lo2 L3
\'
F1__F2 <
. 1=
< e
-8 1l F2 i
| £
_______________ =
H
4. Calculate the corner forces:
F1=01(L1)/(L1+L2) = 865# F2 = 01(L2)/(L1+L2) = 865#
F3 = 02(L2)/(L2+L3) = 308# F4 = 02(L3)/(L2+L3) = 269#
Strap forces

3
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FTAO Design Example

L1 Lo1 L2 Lo2,L3 ,
\" 1 ’f ’{ ’k ‘*
% <
=l
T, T2 T3 T4 d
il =L
68"

| 4

H - H

o

. Tributary length of openings (ft) (Basis for calculating shear to each pier)
Ratio of the length of the pier x length of the opening it is adjacent to, then /
(length of the pier + length of the pier on the other side of the opening).
T1=L1(Lo1)/(L1+L2) = 3’ T2 = L2(Lo1)/(L1+L2) = 3’

T3 = L2(Lo2)/(L2+L3) = 1.1 T4 = L3(Lo2)/(L2+L3) = 0.9’

3
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FTAO Design Example

T Lol 412 ,lo2y3
\' 1 1 1
K=
—
337 388 11 244
6-8" 4
J 4
E<
W H
6. Unit shear beside the opening
V1 = (VIL)(L1+T1)/L1 = 337 pif V2 = (VIL)(T2+L2+T3)/L2 = 388 plf
V3 = (VIL)(T4+L3)/L3 = 244 pif Check V1*L1 +V2*L2+V3*L3=V? YES

The shear of each pier = the total shear / the L of the wall x (length of
the pier + its tributary length)/ by the length of the pier

3
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FTAO Design Example

L1 Lo1 L2 Lo2 L3
v
<]
—
<l <
6-8” e
£
[ H
7. Resistance to corner forces 8. Difference of the corner force and resistance

R1=V1L1 = 1346# R1-F1 = 481#

R2 =V2L2 =1551# R2-F2-F3 = 378#

R3 =V3L3 = 853# R3-F4 = 583# APA

54
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FTAO Design Example

T, o1 ,12 Llo3
\' 1 T T 1
va. Vi
e 2z AE
2.8” -8 g4
-8 120 95 167
vb1 vb2 vb3 |
___________ ———

. Unit shear in the corneltlzones
val = (R1-F1)/IL1 =120 plf
va2 = (R2-F2-F3)/L2 = 95 plf
va3 = (R3-F4)/L3 = 167 plf

The unit shear of the corner zones = panel resistance (R) —

the corner forces R = the shear of the pier x the pier length.

©
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FTAO Design Example
9.0 6000

Lol L2 Llo2)3
Y4 1
vail _va2 vas|
T —
vi | 28 ] v2 [2s|va |
6°-8 = —+
4
E=
H - H
10. Check your solution — YES to all Once all shears are d.
Line 1: va1(ha+hb)+v1(ho)=H? check the design by summing the shears

Line 2: va(ha+hb)-va1(ha+hb)-V1(ho)=0? vertically along each line. The 1st and
Line 3: va2(ha+hb)+V2(ho)-va(ha+hb)=0? last = hold-down force, and the rest
Line 4 =Line 3 should = zero.
Line 5: va(ha+hb)-va3(ha+hb)-V3(ho)=0?

Line 6: va3(ha+hb)+V3(ho)=H?

3
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FTAO Design Example

26'-0”

13"6'L3'-0"L 40" §-0" | 40" 20736
vi 1+ 1 i
120 288 95 1288 | 167
= | I s | .07 |5
- 4
120 288 ; 95 1288 | 167
i [l
—————————— "
V = 3,750 lbs 15/32 Category Rated Sheathing 8d @ 4”o.c.
Height/width Ratio = 2’-8” : 3’-6”

2 - hold downs @ 1550 Ib capacity

3
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FTAO Design Example

Table 4.3A Unit Shear for Wood-Frame Shear Walls**%7
Wood-based Panels*
A
SEISMIC
Minimum | Fastener
Sheathing | MNominal | Penetaton Fastener Panel Edge Fasener Spacing (in)
"9 | "Panel | in Framing Type &Size
Material [3 4 3
Thickness| Member or v. G, v. G, v, G,
(in) | Blocking ) 3 3 3 3
(in) ©  (pvin) | (@ (kpwin) | (o) (kipwin)
e o8 my oss v oss  py
w 516 116 ) w 13 wleon w13 |m n e
Sruar 35 L R L
eats | me 138 » s0 . w|m 2 18 |woo 7z
15 w w8 1 |w o x v
£ T [T} 2w [ » 2 [wm % @
6 T . R R R R R T
38 w v osslew s i fow o w
Yoot 3w o T A [
Sois e 138 a @ 15 n|m 2z | @ v
s | 15 @ 13 10 | e 13 |ow 3w
o s L T R R A B
192 _ 50 19 13 1 1o 26 16 1130 3 18

4/10/2024
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FTAO Design Example

V =3,750 lbs

Height/width Ratio = 2’-8” : 3’-6”

260"
TreLa0, 40, 60 | 40 20T
1 1 il 1
120 288 95 288 167
a7 | 2.8 LSBE 2-g7faus S
0|
H

15/32 Category Rated Sheathing 8d @ 4" o.c.

760/2 = 380 ~ 388

2 - hold downs @ 1550 Ib capacity

3
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Comparison of SDPWS Shear Walls Types
15/32 Category Rated sheathing
Segmented :] D = 8d @ 4"0.c. (3-6" walls)
Approach = 8d @6’ o.c. (4 walls)
s = 8- hold downs @ 2000+ Ib capacity
: D 15/32 Category Rated Sheathing
| - 8d@3%.c.
Perforated = 2 —hold downs @ 3280 Ib capacity
H V.t ‘vt wvtH = extensive plate anchorage
s s s
: 15/32 Category Rated Sheathing
Force | | * 8d @40
Transfer = 2-hold downs @ 1,550 Ib capacity
= 2 Straps — 865 Ib APA

60
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Design for FTAO

www.apawood.org/ftao
[T | Tochnicat Note: Designfor Forco Transfor Around Openinge

anlysis for appl

naling,hold-downs,

DOWNLOAD

APA Force Transfer Around Openings Calculator

o 2 7 o Te | LelTIWR CoT IRl 1 cicuistor s an Excelbased oo fo rofssiona designers that uses FTAO

methodology to calculate maximum hold-down force for upli resistance, the required

horizontal strap force fo the tension siraps above and below openings, the maximum

(- N B
Sy, Th clcitorncdos wokihods o shdt v ih o, w0 2 0
b and. dsn oxamo

DOWNLOAD

FORCE TRANSFER ASQUNS OPENINGS

FTAO Technical Note: Form T555

= Technical Note: Design for Force b, S é

R

Transfer Around Openings (FTAO) [ SN i
= Presents a rational analysis for Design for Force Transfer
applying FTAO to walls with Around Openings (FTAC)

asymmetric piers and walls with =
multiple openings -

= Based on Wall 12 testing configuration

= Includes a design example with two :
wall opening

= 2024 revision includes a strap
development length example

3
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APA FTAO Calculator

APA Force Transfer Around Openi

alculator
al dasigners tha uses FTAQ
foruplit resistance, the required
Yalstap force or the tension sraps above and below openings, the maximum
and the ma flection of the wall
The calculator includos vorksheats far shear wals with one, two, and throe
nd 2 design example.

Z= FTAO CALCULATOR

FORCE TRANSFER AOUNS OPENINGS

= Excel-based tool
= Based on Diekmann method
= Calculates:

= Max hold-down force for uplift resistance

= Required horizontal corner force above and below openings
= Max shear force for sheathing attachments

= Max deflection

3
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Design for Force Transfer Around Openings

APA FTAO Calculator

Force Transfer Around Openmgs Calculator
hefo

S

of shear wall analy o vl
e nenied e e e
fo-widih ratios and, of

Force Transfer Around Openings (FTAD) Calculator Instructions
The APA Force Transfer Araund Openings (FTAQ) Calculator is divided into three warksheets: shear wall with ane opening, shear wall with fw openings, and shear wall with thres cpenings.

Each calculation tab will procce the maximum hold-dow force for uplift resistance, the required horizontal strap force for the tension straps above and below openings, the maximum
shear force to determine sheathing attachment, the required shear wiall anchorage force to determine base plate connection, and the maximum deflection of the wall system.

To use the calculator, input the.

to the £ input cell required cell inputs can be found below. Move quickly between input cells by using
the TAB key. Certain input cels, such as the Hold-Down Capacity input in the deflection calculation, have comment dialogue to clarify the input.

== This calculator will expire on January 31, 2022. The latest version can be downloaded at APAWood.org.

Variables for Shear Wall Calculations
s \aleral force at wy of wall, in pounds (Ib). Value should include all applicable factors for des\gr\ ‘method (ASD/LRFD) and load type
One Opening | Two Openings | Three Operings |

Design for Force Transfer Around Openings

APA FTAO Calculator

Code: OIS ot
vesigner.__sos
Gient:
ojec (AL Form o, T555%,
aline:
e Loty iy oy i
e
]
1
teutt)

Shear wallcacuation varables

| Instructions & Definitions | Design Example (APA T555) | One Opening | Two Openings | Three Openings

65

Design for Force Transfer Around Openings

APA FTAO Calculator

Force Transfer Around Openings Calculator

code: e
[oesigner
fent:
wll ie:
i ety e i i s i
e
ity
m T -
66 | Instructions & Defini

One Opening | Two Openings | Three Openings || A IPA
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Design for Force Transfer Around Openings

APA FTAO Calculator: Inputs

=V — Applied shear force at the top of the wall (Ib)

= L; — Length of each wall pier segment

= L, — Length of each clear opening

= h,,— Max. clear opening height of any opening in the wall system

= h,,, hy,q — Height of continuous sheathing above and below the
opening
= Correlates with the opening height

= h,,. — Total calculated height of the shear wall from bottorn of silt
plate to top of top plate (ft)

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

4/10/2024
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.
APA FTAO Calculator: Inputs
i
2
D
Shear Wall Calculation Variables
— V] 3750 Ibf| Opening 1 Opening 2 ‘Ad). Factor Method 5] 1.25-0.125h/bs __ +
u 4.00ft hat 133ft| ha2 133ft Wall Pier Aspect Ratio ‘Adj. Factor
1| 400t hot| 2671 ho2 267t P1=ho1/u1= 0.67 N/A
13| 3.50ft hbi| 4.00ft] hb2 4.00 ft = 0.67 N/A
B 200t N Loa 6.00ft ~ Lo2| 2.00ft] ~ P3zho3/L3= 076 N/A
Lyt 19.50 ft __P‘
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.

APA FTAO Calculator: Inputs
i
2
D

Shear Wall Calculation Variables

V] 3750 Ibf| Opening 1 Opening 2 Ad). Factor Method = 1.25-0.125h/bs | v

u 4.00ft hal] 133ft| ha2 133ft Wall Pier Aspect Ratio Adj. Factor

o acon not| ern 2 2eh Pihol/as 067 /A

13| 3.50ft hbi| 4.00 ft| hb2 4.00ft Pp2=t = 0.67 N/A

[ 8.00ft Loi| 6.00ft] Lo2| 2.00ft] P3=ho3/13= 0.76 N/A

[ 19.50ft _P A
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.
APA FTAO Calculator: Shear Wall Analysis
VI=(V/LL4T2)/LL = 337 pif
289 pif V2 = (V/L)(T2+L2+T3)/L: 388 plf
Second opening: va: i/(ha2+hb2) = 289 pif V3 = (V/L)(T4+L3)/Ls 244pif
Check V1*L1+V2*12+V3*13=\ 3750 Ibf OK
3. Total boundary force above + below openings
First opening: 01 =valx (lol) = 1732 Ibf 7. Resistance to corner forces
Second opening: 02 =va2 x (Lo2) = 577 Ibf R1=V1*L 1346 Ibf
R2=V2*L. 1551 Ibf
4. Corner forces R3=V3*L3= 853 lbf
Corner FL=01(L2)/(L1+2) = 866 Ibf
F2=01(L2)/(L1+2) = 866 Ibf
(Strap) == . oayinz = sosier 801bf
Forces Fezo23)(2r3)= 260k 377 Iof
5. Tributary length of openings
T1=(L1%01)/(L1+2) = 3.00ft 9. Unit shear in corner zones|
T2 =(L2*L01)/(L1+2) = 300ft f 120 pif
T3 = (L2*L02)/(L2+L3) = 107t 9énll
T4 =(L3*L02)/(L2+L3) = 093 ft 167 plt
. APA

4/10/2024
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APA FTAO Calculator: Shear Wall Analysis
1 t H H K s
H(lb) Yo H(ib).
Line 5: va2(ha2+hb2)-vc3{ha2+hb2)-V3(ho2)=0? 1538 888 650 o
Line 6: ve3(ha2+hb2)+ V3(ho2) = H? 888 650 i35 Ibf
) APA
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APA FTAO Calculator: Design Output

Design output:

= Required sheathing capacity (includes adjustment factor)
= Required strap force above and below openings

= Required hold-down force

= Maximum deflection

Design Summary
Req.she:

Comacity| 38851 [+ “Term Deflection]_03291n 3Term Deftecion]__0352m
Req.Strap Force| 866 Ibf | st 4-Term Story Drift % 3-Term Story Drift %|
Req. HD Force| 1538 Ibf | mmmm See Fage 2 See Page 3
Rea. Shear Wall Anchorage Force

“The Design Summary assumes that the shear wall s designed s blocked.

APA
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APA FTAO Calculator: Deflection Inputs

Shear Wall Deflection Calculation Variables

Induced Shear Load Vipguet | 5357 (1ol 4t
Sheathing Wood End Post Values: Nail Type:|8d common _ (penny weight)
ose Sheathing Material Species: Douglas Fir-Larch No. 2

15/32 Performance Category £ 160E106 " (psi) Pier 1 Pier 3
APA Rated Sheathing  Grade ay Stud Size Nail Spacing; 4 4 (in)
Dimensions:| 2 26 HD Capacity: 2145 2145 (16
Yot override A 165 Jiny HD Deflection: 0,128 0.128 (in)

Ga Overide A Override: (in?)

The calculator does not check the sheathing selection for the required capacity calculated above.

- AP,

Design for Force Transfer Around Openings

APA FTAO Calculator: Error Messages

= This error message appears when 7/16 CAT plywood is
selected because this product is not commonly produced.
= Affects both 3-term and 4-term equations.

Design for Force Transfer Around Openings

APA FTAO Calculator: Error Messages

= This error message appears when:
= 3/8 or 7/16 CAT Rated Sheathing and Structural | OSB is selected with 10d nails
= 19/32 CAT Rated Sheathing OSB with 8d nails
= 19/32 CAT Structural | OSB or plywood is selected
= 3/8 CAT Rated Sheathing and Structural | plywood with 10d nails
= 19/32 CAT Rated Sheathing plywood with 8d nails
= SDPWS does not provide Ga in Table 4.3A for these combinations or
sheathing types
= Also appears when 7/16 CAT plywood selected — not commonly produced
= Affects only 3-term equation

AP,
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APA FTAO Calculator: Deflection Output

Doorsharal  (Eqain2s2)

v
A%Eas* G

el Feve [ el Fe7A ] Feil Fash
w2

Stesting[— B W RS
d] 0t [ me | @ e @0
E| 160,05 100E-06 | 16EAS  16E 05 | TOE-06 1GE-08 [ios)

Rl s am | am am | awm "

%5 i

w5 | ms o i
G smsn s | sma0 a0 | om0 A0 [(shn)
Nl Spaing| 4 § i i ; v Jin

i

o owm | % om | o
o ot o | ams  op | e omre [in)
| e im0 s |
wcws| me oo | aw e | e g [l
TERn it am | om ot | o om i
Check Total Deflsctionof wWall Sysem
G e
Tom ] TemT T [ Tt e | e | TemE
v | Sre | Futaer | 151 | Serirn | Sru | o |22
T 0 Y0 T i
e e s
T GCzI)
Tt Tams | T | Tt | Tomt | Tama | o | Tomd
airg Fotrs | 101" | iy | St | e |02
T T 2 T 5 T o
o o b5
I I T3 i
Tt Tams | e | et | TomT | Tams | pers [ Tomd e
cving | S | Potier | 161 | gondrg | Srme | ks | 00 =
i ol g APA
o i e Pl B
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APA FTAO Calculator: Deflection Output

T

“Torm E quotion Def
B

5™ EAB * 10006, “s)
Pl Prih Fer2h [ Fe il _Ferin
Shosting|— B2 W2 wWe | we we
8 commar)
Veod| W1 0| 4 S | W 0|0
E| 160E06 160606 | 160E06 1S0EL0S | 160Es06 1GE06 |(ps)
L T T R T T T )
A ®5 B3 | ®s B3 | ®5 B3 |7
Gaf w0 om0 [ w0 om0 [ om0 B0 [kpsi
o sm 4w [ w0 4w 0 3w
WOCopaty| 285 oS | w5 oS | 245 oS |
oot oes 0o | oes e | oes  ows i

TSl =
TemT [ Tem?z | Tem3 | TemT ] Teme [ Temd
Berding | Stes | Foserer | Bendng | Shew | Fesener
[ 0s | oos [ —_—
s B o APA
Torrer
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APA 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
include in calculation package

= Print directly from Excel

= Save as PDF
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APA Calculator Expiration Date

== This version of the Force Transfer Around Openings calculator has expired.
APA Please go to www.apawood.org fo download the latest version.
When the expiration date is past:

= Calculator will continue to function properly
=Header will change to indicate it has expired

3
>
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What’s New — Technical Note?

Technical note T555 changes:
= Methodology presented is based on a maximum width-to-height
ratio of 6.5:1 for the sheathing above and below openings

= Methodology presented is based on a minimum 12-inch height of
sheathing above and below openings

= Strap development length example added

3
>
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Strap Development Length Example
Assume ASTM 653 Gr. 33, 20ga. x 1.5 in. strap with (2)
8d common nails (0.131" x 2 1/2") spaced at 3 in.

= Strap length per manufacturer (9-inch end length required for
full listed load capacity of 1,030 plf)

Fq
(Allowable Tension Load) x (End Length)
865 by X9 7.6 0 Use 8i
= — .= . g .
1030 b7 in in se8in

3
>
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Design for Force Transfer Around Openings

Strap Development Length Example
Assume ASTM 653 Gr. 33, 20ga. x 1.5 in. strap with (2) 8d
common nails (0.131" x 2 1/2") spaced at 3 in.
= Fasteners required (panel to blocking):

865 Ibf
(2X74 Ibfx1.6)
= Total Strap Length: 8in.+11in.= 19in.

=Use 20ga. x 1.5 in. x 19 in. ASTM 653 Gr. 33 strap with (2) 8d
common nails (0.131" x 2 1/2") at 3" oc.

X 3 in.= 10.96in.— Use 11 in.

3
>
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What’s New — APA FTAO Calculator?

Calculator changes:
= Pop-up warning when the width-to-height

ratio the sheathed area above or below

an opening exceeds 6.5:1 or if the height

is less than 12 inches h

= Alert user regarding design limitations }‘—'1
= End post size input moved to allow

multiple sizes
P Aspect ratio
limitations

1
£a

L —
N

3
>
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Conclusion

84
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Questions?

APA Update Newsletter

(www.apawood.org)

APAUPDATE IS

UPDATED SHEAR WALL DESIGN TOOLS
Force Transfer Around Openings (FTAO)

APA's Force Transfer Around Openings
(FTAO) Calculator, an Excel-based

tool, and its explanatory Technical Note
have just been updated for 2024,

These tools are Intended to help
engineers and code offcials n the FORCE TRANSFER AOUND OPENINGS

design and implementation of FTAO
shear walls.

4/10/2024
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Field Services Division Territories

Canada

Northwest

Southwest

South Texas
& Lovisiana
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Thank You!

APA

APA - The Engineered Wood Association
7011 S. 19th Street
Tacoma, Washington 98466

www.apawood.org/contact-us
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