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Course Description

Current methods of Force Transfer Around Openings (FTAO) analysis only allow for openings of
the same height in exterior shear walls. However, today’s penchant for more openings of
different sizes requires a more flexible method that allows for more complex wall layouts. The
original method of FTAO analysis was developed by Edward Diekmann in the early 1980s, and
other approaches have since been developed, modified and simplified based on his original
method and full-scale testing.

This presentation will demonstrate another modification to FTAO analysis that will allow
complex shear wall opening configurations, accommodating the addition of gravity loads,
shorter tie straps, and any combination of opening heights using the transfer diaphragm
approach.



Learning Objectives

Review the history and background to the various methods of
FTAO analysis.

Discuss how to use and analyze transfer diaphragms that allow
partial length collectors, straps, and openings of different
heights.

Provide examples for walls with different opening heights, with
and without gravity loads.

Examine stiffness issues regarding the distribution of forces and
application of gravity loads through an FTAO wall.



History of FTAO Methods

s Original Diekmann Method
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Original concept was a shear wall with a single
opening with members of similar stiffness on all
sides of the opening that would act as a Vierendeel

frame. . . :
 Assumed points of inflection

located mid-point of headers,
sills and piers.

* Required all sections around the
opening to comply with the
allowable A.R. or have a similar
stiffness.

» Cut free body sections across
wall to solve for unknown forces.

* Also Drag Strut Analogy and
Cantilever Beam Analogy

Thompson Method/SEAQOC
Seismic Design Manual, Vol. 2

APA Simplified Diekmann
FTAO Method

Both use Diekmann method with some variations/modifications.

Both calculate inflection points based on relative stiffness of adjacent pier sections.

Assumes horizontal unit shears at
the sides of the opening are uniform.

Unknown forces are determined by
free body diagrams in static
equilibrium.

Gravity loads are not applied
but mentioned as optional.

Shows all openings are of equal height
but does not mention treatment of
openings of unequal height.

Assume the vertical unit shears above
and below the opening are equal.

Used test results to simplify and verify
design methodology. Corner forces at
the openings determined by unit shears.

Gravity loads are not applied.

Requires openings of equal height for
simplicity, but notes that methodology
does not require that assumption.



FTAQ Shear With Uniform Load
Multiple Openings of Different Heights

2nd Edition, 2022-Further developed method

Short tie straps

Gravity loads

Multiple openings

Tops of openings at any height
Openings any height combination
Stacked openings

1st Edition, 2012

» Short tie straps
 Gravity loads
* Single opening

History of FTAO Transfer Diaphragm Method



Continuous Tie Strap Misconceptions

Full length straps
are not necessary

2008 SDPWS Section 4.3.5.2 (4)

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

(it 1 : AR 2021 SDPWS Section 4.3.2.2 (5)
LYW T e i . ; :

' Collectors for transfer of shear

forces between the diaphragms

and shear wall shall not be less

than the full length of the FTAO

shear wall. (Wall top plate)

Causes of confusion:
e« Unclear definition of term “Collector”.

« Early photos showing continuous tie straps installed.

 Method of using shorter straps not provided or discussed (except in 15t edition of book).



Partial length straps/anchors
Connected to 1st bay blocking only
APA Wall tests 8 and 9 — M410

Wall 8 — IMG_1297
wall 9 — IMG_ 1667

Photo credit APA: The engineered Wood Association

Anchor
location

Evaluation of Force Transfer l
Around Openings — Experimenta
and Analytical Studies

e
APA

APA Wall tests — Form M410
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(b) Force Transfer Around Opening

Allowable Shear Wall Aspect Ratios For FTAO Shear Walls

2021 SDPWS Section 4.3.2.2 -Limitations

Based on Rational analysis:
Minimum pier width=2"-0".

Where a horizontal offset occurs,
portions on each side of the
offset shall be considered as
separate FTAO walls.

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

A full height pier section shall
be located at each end of the
wall.

The aspect ratio limitations of
Table 4.3.3 shall apply to the
the pier sections on each side
of the openings

All sections with A.R.>2:1
required application of new
Aspect Ratio Factor (WSP) =
1.25-0.125h/bs

So, what is the opening?

ATC 7, Diekmann, FPInnovations

If the sections above, below or on
each side of the opening do not
meet code aspect ratio limits it
should be ignored, not stiff enough
to transfer forces across the
opening.




Collector (typ. 2021 SDPWS Section 4.3.2.2 -Limitations
Based on Rational analysis:

Wall Pier

= « Minimum pier width=2"-0". ATC 7, Diekmann, FPInnovations
.g < If the sections above, below or on
T

« Where a horizontal offset occurs, €ach side of the opening do not

. ‘ ' ' t code aspect ratio limits it
Detail boundary — Boundary_| portions on each side of the mee _ |
members for force - membersy | ‘ offset shall be considered as should be ignored, not stiff enough

transfer around —— separate FTAO walls. to transfer forces across the

openings, typical opening.
_._

* Collectors for shear transfer shall
be provided through the full
length of the wall.

e A full height pier section shall
be located at each end of the S pr e - A ][RR L

Wall wall.
pier

width « The aspect ratio limitations of —
Table 4.3.3 shall apply to the | [t ' -
the pier sections on each side == Lo aares 1T e
of the openings

Height h
|
I

Wall pier

-

Note: No Note: Not 7 Hold down

wall section Shown as Locations?
below .
having to _ _
comply w/ « All sections with A.R.>2:1
A.R. required application of new
Foundation wall Aspect Ratio Factor (WSP) =

l 1.25-0.125h/bs

i Overall width

AWC SDPWS Fiqure 4E (Sim) So. what is the Opening?
(b) Force Transfer Around Opening ’

Allowable Shear Wall Aspect Ratios For FTAO Shear Walls




Force Transfer Based on stiffness (FEA analysis)

Example results — Single opening with shallow sill.

A.R.=2.63?7 O.K.

A.R.=3<3.5 O.K.

This slide shows force
distribution and
location of I.P’'s due to
sill section not meeting
A.R. requirements

I
I
I
I
I
I
I

I

I

W o o m Not to scale
I \ 1 Ln

A.R.=2.8<
350K. | | [ igplEssssmm s e e e e e e o I

2
@)
c
=1

10.25’




Force Transfer Based on stiffness

Example results — double opening with shallow headers

¢ Not to scale

This slide shows force distribution
and location of I.P’s if header section
not meeting A/R requirements




The Visual Shear Transfer Method

How to visually show the distribution of shears through the diaphragms and shear walls

— Fy
l N T Sheathing element symbol \+'M
— for 1 ft x 1 ft square piece of Forces —> —>
sheathing in static equilibrium P oL —»l + T l i T
(typ.) Positive —
. Direction
Transverse Direction (shown)
—> «— Shears Applied to Sheathing Elements
ik T**T_»l ... »
Forces — o
-—— —= :-" . : Transfer 4 _>T: Fail)
N shears 'l Ty +T ' l:
4—
in = =
S T Unit shear acting on sheathing element (plf)

T Unit shear transferred from the sheathing
element into the boundary element (plf)

Shears Transferred Into Boundary Elements

Shear Wall Sign Convention

Positive shear is in direction of applied force
—
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Diaphragm

G.L.
‘ w=uniform load :
i
@ y VyVVyVYVYVYVYVY VY V.V VYyVVyVYVYYVY YyVVYVY LV A\ 4 V
- tSW . Te===oo o ey — -
Resisting sfv ==as Ci RS v _
wall IISW1 e ! i -]t H Strut in
shears v — : - Compr.
: | ' v C
U Strut in :
tension I L = : SW?’ifReSisting
. | -
Strut in | — i — v}’ shears
C\ comp. :
i T
Resisting : Strut in
wall i tension
O shears !
B
A
Strut Forces Strut
Support Support Forces

Positive sign
convention

T~

Negative diaph.
shear elements

Positive diaph.
shear elements

pm — _
— i

I l Basic Shear Diagram Neg.
—

All edges of a diaphragm shall be supported by a boundary element (chord, strut,
collector) or other vertical lateral force resisting element (shear wall, frame).
Shear Distribution Into a Simple Diaphragm
The Visual Shear Transfer Method

Segmented
H Shear Wall

-—->
«—
+
—
«—
+
—
‘-

T «— «—
--> —— -->
= = =
—> —>
vl
T D —

Shear Distribution
Into a Simple SW




Introduction to Transfer Diaphragms

Transfer Diaphragm

 Sub-diaphragm-don’t confuse w/ sub-diaphragms
VYVVYVVYVVYVVYVVYVVYVYVVYVYVY l \ A / :C supporting Conc./masonry walls
Chord(support)  Transfers local forces out to the top and bottom plates of
the shear wall. ( Based on method, ASCE 7 Section 1.4 and
SDPWS 4.1.1)
Horizontal . . :

: < « Maximum TD Aspect Ratio=4:1 (roof or floor diaphragms)
dlaphragm _ ol = (Similar to main diaph.)- Max. A.R. for SW TDs =6.5:1
shown, shear e S @ _ . olocki ; , hal

. . (&] (&) - °
wall similar s 3! = Framlng members, blocking, an connecho_ns_s a
= TD1 = =3 extend into a diaphragm or shear wall a sufficient
— . . . &.
O O a) distance to develop the force transferred into|the
] Lo diaphragm or shear wall. (SDPWS 4.2.1) |__What does
2 this mean?
. L] I
— Collector . __J |~
. (strap/blocking |
Similar t I / | ClR SRS \ Collector Length?-My rule of thumb:
imilar to wa i
opening corner Transfer Area - * Check length by dividing discontinuous force by the nailing
foree Chord (suppor R capacity (other issues need to be considered)
T . :
Transfer # * Length=full width of transfer the diaphragm, set by A.R. <
Diaph. width * Increase TD width if shears are too high in transfer area




Method of AnaIySiS-Method by Edward F. Diekmann

2 3 T(a
® ® ® WECINA
@ VVYVVVYVVVVVY Main C -75 pII ® o Wro
f —
Vnet=+300-(75)= +225 plf
. —Subtract_
Vnet =+225—(75)= +150 plf |—___ [ / from basi¢
= 3 shears
vl v =
- 3 a
SW = TD1 = cle
+— — ok il [a)
O &) ] =
2 i 5 —
5 §  :
g.hord If’rc.‘i at net =+225 +(250) @ Add to basic
iscontinuity = +475 plf ® [ diaphragm
: = shears
@ Disrupted < ° _Colle_ctor \e 1 )
chord S ) v
4 Wi “‘
Vnet=+300+(250)= +550 plf P (TD Support) Main T T + l
—C > >
- = chord +250 plf ¢
| e~ i T Vc
| — TD width t chﬁ))’ Shear = ~<
| T~ WTD LTD ™
i +500}+300 o Transfer Diaphragm Shears
| pif {\p”\f\-l-‘% +225 Analogous to a beam with a
e ! —  plf] FpH--_ concentrated Load.

Basic Shear Diagram at transfer diaphragm




Transfer Diaphragm Method
- W=200 pif ?

®_ 1 N o
RL= 512!] . RR=21280
- | o e L W o e R
Diaphragms with Openings Horizontally Offset Diaphragms
Woodworks/Solution Papers
The Analysis of Irregular Shaped Diaphragms
(for complete Transfer Diaphragm example) ;*;' 203 298 i
www.woodworks.org = i-i P
®
&
)
EI

L

1 ¥
[—— ..: T (= 0 Laid T imi *|.|_-1_l =

Vertically Offset Diaphragms Complex FTAO Shear Walls


http://www.woodworks.org/

Introduction to FTAO SWs-Transfer Diaphragm Method

Reference Chapter 10, Section 10.3

? PP 000 ©O H@

V=6200 Ibs.

—T—b

<

H®

M= B

5’ _07’

®

_——Heavily shaded areas
) are locations of Transfer
& Diaphragms, TD (Typ.)

™

I |1 L ®

l Same method as APA simplified

2 4 3’ 3 4 4 & Diekmann method except transfer
Lol Lo2 Lo3 diaphragms are used to accommodate
24 corner forces at any elevation or any
FTAO Shear Wall With Uniform Load T configuration (Based on statics)

Multiple Openings of Different Heights (shown)



Verification of TD Method vs. APA/Diekmann Method

Using APA Example/Spreadsheet
S
i ?? q -'_"-;.'. : - .-
i_ .y rj-.l:r_-‘ ol | i T
E:-;; R s Tl Evaluation of Force Transler
: e :
Around Openings (FTAO) A ]
Method compared to Full Scale Tests APA
Latest Technical Note Full Scale Tests

T555 Form M410



Comparison and Verification of TD Method vs. APA/Diekmann Method
Using APA Example and Spreadsheet

Note: APA design
example shows
door section but
does not include it.

I_ _____ # ﬂ?;aqo‘)
°° ho
N
<|hb
Fo/t =2076.9 Ibs.
4 6 4 2’ 35
L1 Lol L2 Lo2 L3
19.5’
L
@ APA method-shear
APA Technical Note APA Full Scale Tests ox | TD method-shear

T555

M410




FTAO Transfer Diaphragm Concept pirection of forces

above opening and
V=4500 Ibs. corner forces

Requirement:
All piers must
comply with the
allowable A.R.

SDPWS Table

4.3.3.
Suggest:
2nd assumption: « 1stassumption: Transfer diaphragms act like rigid segmented shear wall
Headers, sills, and sections rotating against and away from header/sill sections causing
Transfer Diaphragms tension and compression forces at the corners of the openings.

should comply with the : :
maximum tested A.R., e The calculated corner forces are the discontinuous forces that are

AR=651or less. if applied to the transfer diaphragms.

possible. See limitations  « These discontinuous forces change the unit shears within the transfer
next Figure diaphragm sections which must be combined with the wall basic unit
shear to get a net shear.

» Aspect ratios for headers, sills shall be determined by the aspect ratio
that produces the largest A.R. (h/b or L/d).



Header & Sill A.R. Limitations Maximum Hdr./Sill Length

| TD1 TD2 TD3 A.R 3.5:1 4:1 45:1 5:11 551 6:1
Callector \ [ \\\ Collector
Max. I8 wd. dheader
2 Opehlng’? , ’ , ’ ’ ’ ’
vin] 1 3.5 4 4.5 5 5.5 6
h 1.33 4.67 533 6 6.67"° 7.33 8
L . 2 7 g8 9 100 11 12
b \\
A N\ Header-Sill FT/t Minimum Transfer Diaphragm Widths
0 —_—
Transfer Diaphragm AR 35:1 41 (45-1| 5:1 551 6:1
S — _—— , |
7 N h=12"b min. 3.5’ 3 2. 67’| 2.33 2.25 2’
( AEA Test Walls, Form M410 \ h=10 bmin. 283 25 : 225 20 o e
| Wall height = 8’ h=9' b min. 2.5’ 225"/ 20 | e e e
Maximum opening width = 7.5’ | h=8" b min. 2.25 2 |~ | - e e
|  Minimum pier width=1.5", A.R.=2.67:1 — ~ / Author preferred ratio. If
| Typical header depth = 1167, AR. =6.43:1 Y higher, check shears.
Minimum sill depth =1.83, A.R. = 4.1:1 1. h=wall height
| 2. Minimum width pier 2'-0” per SDPWS Section 4.3.2.2 (2)
I APA notes that a header or sill 3. APA-Minimum depth header/sill 1’-0” , if less, cannot use FTAO
section with an A.R.=6.5:1 is stiff method
I enough to work in an FTAO shear
\ waII based on tests. /

Not inclusive of Portal Frames



Example 1-Force Transfer Around Opening (FTAO)
Transfer Diaphragm Method -Without Dead loads

Note: All loads used in these

examples have been factored

for the load combination used.
A.R.=3.76:1

V=4500 Ibs. A.R.=2.26:1 Steps:

o ‘ 1. Calculate O/T forces
o
Lo
1®
0
N
1®

2. Determine A.R. of
piers, hdrs., and sill
sections

Ho1l=3'-0"

H=9

H=height of wall
L=length of wall

L1=length of pier 1

Lol=length of opening 1

-

Optional — - Hol=height of opening 1
Fo/t=2076.9 Ibs. o Folt =2076.9 Ibs. g pening
4 3 2 5 5.5 i A.R.=aspect ratio of section
L1 Lol L2 Lo2 L3 :
TD=transfer diaphragm
19.5'

1 Ti1=tributary width of
opening 1 at left side
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- — | — E ol bl
Al ol ala ola ala o=
—_—> | b o oo |l a
pOS o (@3 [{e] : : [a\N[e6] o))
: N~ o< oo s | 00
o|m < | [} (=] ©o| =
a o — | o
I3 ™| 0 |& 5l®
V=4500 Ibs. NN @
—

Required —

Recommended —

5.5’
TD3

4)
TD1

2’
TD2

51
Lo?2

Fo/t=2076.9 Ibs. Lol

Calculate Vertical Shear Forces

33

L

Steps:

3. Vertical unit shears, v = Fot/H
4. Vertical shear is distributed to
header and sill sections in

proportional to their depths.

5!

A

|
v

b

et

Nt 0

Sign convention
R —

Nt

Fo/t=2076.9 Ibs.

Positive is in direction
of applied force



: S |
Al & ac =
pos. o SlS ©
o™ o
N S0 ™
™| Q
V=4500 Ibs. ! @

33

L

|
692 | 346.2 Steps:

Lb. I Lb.
|

5. Calculate forces to hdrs. F=v(Lo1l)

6. Determine trib. widths at open’s
T=TD1(Lol)/(TD1+TD2)

|
346.2

692

7. Calculate trib. forces at hdrs.
and sills (corner forces). Fol=v(T1)

690.6

1905.5

—®

2.67

—®

|
To understand shear— A(3)/(4+2)=2
5)

flow, you have to 5.5

transfer sheathing Lo2 TD3 “- .

element symbols  £o1=2076.9 Ibs. Fo/t=2076.9 Ibs. ST AT
Calculate Tributary Widths, and Corner Forces Sign convention



®

V=4500 Ié. o \
T

33

L

Now that we have determined
the corner forces, let's take a

o ook at the transfer diaphragms

|

:
o

|

|

|

l

——J

fy

it

Nt

Sign convention
S

|

Analyze Transfer Diaphragm 1

v
A



|
All o| &
pos. ~|l©
QI8
V=4500 Ibs.
c
2
(0D}
e
~~
=
o
[
Q
£|F
(@)
©
e
o
©
©
o
Y
m -
S Vertical
= unit shears
= Fot/H
—e

TD width=4'

®©

2076.9 Ib
230.8 plf
>346.0 plf

®

I
Ex. v=230.7/4 = 57.7 plf

Lbs. (plf)/
230.7 (-57.7)
Ap——

Sh{ears acting
in fltheathing

3’
+

4.67

A

— e P —

@ 230.7(-57.7)

41

Fo/t=2076.9 Ibs

WTD1

|
3 |
Lol ;

Transfer Diaphragm TD1

° TD1 Shear

Net Shears

Ex. vnet= +230.8 - 57.7 = +173.1 plf

Ex. vnet = +230.8 + 115.4 = +346.2 plf

Steps:

8. Calculate TD shears
caused by corner

forces
9. Determine net shears
in TD
<-- --»>

Lt -

Sign convention
B —

ey
WL

1
|
v



“__ )
| NEN U
Analyze Transfer Diaphragm 2 Sign convention

—_—



Note:

This method allows the top of
openings at different heights, or
stacked window applications.

@ 499.1 (-249.5)
—_— ———

. l 346.2
®) ~ T690i6

230.8 plf
519.2 plf

230.8 plf

=
N
©
g
™

— Any number of
collectors can be ol T

_ : (+268.9)
installed in TD.

Method same as TD1

|
|
|
|
|
|
|
|
|
|_

|
@ 346!2
: ]

: |

|

@ ~ b :(+95.8)
|

—_ — f—

67’

2

=
|
|
I
|
|
|
|
|
I
|
|
I

A
1
1
|

v

_> 4—
— : ) e 1o
499.1(-249.5) *l :’_ h _ﬁ*
TD2 Shear - -

Sign convention

Transfer Diaphragm TD2 —



3

2.67

R
~———1 L.
NN
Analyze Transfer Diaphragm 3 Sign convention



@
Q
@

| S
= =5 :
(9N [ee] O)Q- ]
oo S|3 :
— (M SR 3
G| QK 1058.6 (-192.5) : ()
g))—® : 519
A .9 - 1 .’ '
3 | — | 19055 (B)

Method same as TD1

4@ N _@

:— 1905.5
|
) |
S : Optional —
N ] TD 3
| i~
=2
|
o =
' A+ TI A4
JR— |__J_> I 1 vy 1
@ 1058.6 (-192.5) @ S -
Fo/t=2076.9 Ibs. TD3 Shear Sign convention

 —

Transfer Diaphragm TD3
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Steps:

) |
--.“““““““"III“II-,
\

.-IIII““IIIEI

10. Develop force diagrams
(sum of shears=0)-Optional

11. Check shrs. at bottom of
wall sum of shears=0)

_ l
g

————— — — — — —

= A
||“||||||||Il|I|II|IIII|III||||II||- | ot

Note:

Calculating force diagrams is
optional but should be done to
verify horizontal and vertical

> V=0. Verifies analysis is
correct.

| 692 ‘10398 374 2596 2105 |
__________ S __zH=4500lbs.
Additional check Fo/t=2076.9 Ibs.
3462 3462 L99 74997 346.2
Example: Grid (:>— 4:‘ e 632‘ 3‘46‘2 - :- > 173 114173 > 6‘9/23& 173; =¥
line Cfrom1lto5 173.1 1731 3p6.6 3266 ~~rT1=2' T2=1’
Applied shears Net shears/forces

Calculate Forces Diagrams




Example 2-Force Transfer Around Opening (FTAO)
Transfer Diaphragm Method -With Dead loads

Partial-length 9
strap/collector Note: All loads used in these
W=150 plf \-analysis available examples have been factored
| | |

| for the load combination used.
V=4500 Ib

* Application of dead loads assumes that

3’ _0"

1. Determine A.R. of
piers, headers, and
sill sections

&

” the wall or wall segment has a length
that is sufficient to allow rigid body
action.

v o « Assumes wall or wall section can be
. o judged to be rigid.
Steps:
—4-®
%
N

! Optional

> 5.5' D3
D1 Lol TD 2 Lo2 D 3
19.5’

Using same TD methodology as without dead loads



[ ol 7

V=4500 Ib
—_—

3’

©

Direction of
transfer shears

Fo/t=614.4 Ibs]

»
»

Directian of
Corner forces

3 2'

5.5

Lol TD2 Lo2

Calculate O/T Forces

TD3

®

33

5 1.
:

Steps:

2. Calculate O/T forces
3. Determine A.R. of TD

G

B 150(19.5)*] 1
T = |4500(9) — > 1o — 614-41bs.
—'\ .
© 150(19.5)%] 1
N C=[4500(9) + > 1o = 3539.41bs.

—®

Fo/t=3539.4 Ibs.



2 V=0 Sum vertical forces starting from

G.L. 8 proceeding to the left.

©

@
2714.4 Ib@

1
3539.4 |b L_‘

614.41b
1214.41b
1514.41b
1664.4 Ib
1964.4 1b
2165.41b

W=150 plf

l

V=4500 Ib§
—_—

®

.33

|

Steps:

4. Calculate total vertical
shear forces at top of wall.
5. Determine trib. Widths at

openings
R
(o]
N
i —®
_ 4 3 2 5 5.5'
Fo/t=614.4 Ibs. ® -
TD1 Lol D2 Lo2 TD3 Fo/t=3539.4 |bs.

Calculate Vertical Shear Forces



+678.6 plf

+541 plf . .
+252.4plf F21LAPIT 44919 - Unit Shear Diagrams
oappeg] [0 o [0 Along Top of Wall

Q Opehing 1 Opelhing 2
1 i !
: |
+134.9 pl :+184 oloif 218.3 plf e +393.3 pl e
% :E & i :g ¥ 6. Calculate unit shears across
N B8 Y | s top of wall
@ @ @ @ G) V=0 7. Vertical shear is distributed
~ o= ol P~ S " Basic Shear to header and sill sections in
QO |= —la =2 == Q= Qo =|= . .
Sle jr. o < <| & 5|2 5 <| S proportional to their depths.
Sl Js S s s @ 3|
o|© | RER e o 3 NS
= S A =l N ] NIQ  W=150 plf
, : 1
= 1
V=4500 b | VN

V7 = 3539.4 - 150(5.5) = 2714.4 |bs.

4! 3’
D1 |T1=2' T2=1'

21
TD2 |T3=1.33" T4=3.66

5.5’
TD3

Fo/t=614.4 |bs. Fo/t=3539.4 Ibs.

Calculate Vertical Unit Shears

Shears vary linearly across wall




s o< ol& = _
fa <= E = g ﬁa Steps:
S| NI Jao B 3 g 8. Calculate forces to hdrs.
(@] .
©e <2 8 LIRS N®  w=150 plf 9. Calculate trib. forces at hdrs.
|+ : and sills
V=4500 Ibs. . J l

— |
454.81264.9
|

i

i

|

454.4 264.
— —

—®

5.5’
TD3

Fo/t=614.4 Ibs. TD1 Lol TD2 Lo2 Fo/t=3539.4 Ibs.

Tributary Widths, corner Forces and Shear Forces

Calculate forces to header Lo?2

+678.6 plf
+541 plf

+491.1

Opening 2

Fhdr = L02(v5+Vv7)/2
= 5(491.1+678.6)/2=2924.3 Ibs.

Calculate trib. forces to header

6863 2238

Fo2 left = T3(v5+v6)/2
=1.33(491.1+541)/2=686.3 Ibs.

Fo2right = T4(v6+Vv7)/2
=3.67(541+678.6)/2=2238 Ibs.



+68.2 pl

-151.6 (-37.9)
I —

| | 4548
e

M| +
(+75.

e
N—r

— R —
454.8

|
4.67

--»
«—

ML
-151.6 (-37.9)

TD1 Shear

Basic Shear

W=150 plf

+134.9 plf
+184.9 plf

+1 2774

(+108.4) |
686.3

L,
-469.6(-234.8)

TD2 Shear

Basic Shear

W=150 plf

1 +218.3 plf

-1243.3 (-226.1)

<
4491.1 : 678.6
"Hdr. - Hdr. ¢
L 223?
|
|
|
|
|
o] + :
(180,9)
|
|
|
|
— M r———
T 2238
|
42011 |
sill | _
I R~
| ©
: ~ 6786
, Sill !
I v
I
-1243.3 (-226.1)
TD3 Shear

Basic Shear

Ex.v =1243.3/5.5
=-226.1 plf

W=150 plf

Ex. vnet = +393.3 — 226.1 = 167.2 plf

Ex. vnet = +301.6 + 180.9 = 482.5 plf

Transfer Diaphragms
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Steps:

10. Develop force diagrams
(sum of shears=0)

11. Check shears at bottom of
wall sum of shears=0)

4

)
2
%

©

6‘74 ™

54
/6'5‘.

_......n|||||IIIII|||||||||““IIII"IIIIIIIII|[ g

3]
)
aH

®

‘=""--l||||||IIII|||||||||||| || |I|||||||||||||||||“"""""'—
i)

< l —
| : 719.7 66.4 2924.3 667.4 I

| ¥H=4500 Ibs. I
— e —/—— | |Fo/t=3539.4 Ibs.

Additional check

Force Diagrams

Fo/t=614.4 |bs.



1 Negative shears at opening cause reversal of corner
forces

C=1414 Ibs. Suggestions if adding DL:
No HD required

Envelope analysis:
0 Run analysis without DLs to compare maximum corner tension forces.

o0 Compare unit shears in transfer diaphragm for maximum value.

<
—>

o Verify vertical and horizontal collector forces close out to zero. AL s
4—

- - > -
Sign convention
_—

fy

AE

What Happens if No Tension Force?
How does shear flow through wall?



Methods of Calculating Deflection

Center strip Method APA
(Similar to masonry wall)

e Suggest using Nominal Shear Stiffness APA Method
for determining wall stiffness.
e Fixity of pier sections???



r Loads LT o Loat T °
B S o et J B o

[ S e — e
I ]| ‘ 0 |
NI I/ NI
L Il I i
| Wall il Opening I} |
||i Pigrl {] I walt i
RI | I pier If
e |
1\t gy R | 1 B
I i 1 T 1

| ] 1 HoR 1
| | HSill | 1

| A 1 1 1 | T
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AAver. -

Traditional 4 term deflection equation

8vh3 vh hA,
= + +U. + —
ASW EAD G 0 75hen b

vtv

APA Deflection Method
Reference APA T555

The deflection of the wall is the average of the
deflection of the piers as shown (acting both
directions combined) using the 4-term eq.

Single opening

» <
<

A - (Apier 1+Apier 2)+(Apier 1+Apier 2)
Aver.” 4

The remainder of the terms are identical to the
traditional equation.

Deflections for a wall with multiple
openings is similar.

_(Apier 1+Apier 2 +Apier 3)+(Apier 1+Apier 2 +Apier 3)
6 ves
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APA Deflection Method?
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2 294

)

VAN

51 _0”

1.5

/3

Lol Lo2

Wall Stiffness?

Requires engineering judgement

1.5

Is opening small

enough to ignore???
FPInnovations(Diaphragms):
Hgt. opening< 0.15 Wdiaph.
Width opening<0.15 Ldiaph.
End dist.> 3x width of opening

FPI Concepts applied to SW’s:

Hgt. opening< 0.15 Hwall.

Width opening<0.15 Lwall.
End/edge dist.> 3x width of opening

Conservative for shear values but not stiffness

The greater the deflection, the smaller the
stiffness.

The less stiffness, the less force it attracts
under arigid diaphragm analysis.

Rigid diaphragm analysis: The wall can be
actually stiffer than calculated which could
attract more force than it was designed for.



In-house Time Saver Spreadsheets-used for development and verification of method
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) QUESTIONS?

This concludes The American Institute of
Architects Continuing Education Systems Course

Terry Malone, PE, SE
WoodWorks - Wood Products Council

Senior Technical Director, Project Resources and Solutions Division

Prescott Valley, Arizona, P 928.775.9119, C 520-822-7773 |
terrym@woodworks.org | woodworks.org
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Copyright Materials

This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 2023

Funding provided in part by the Softwood Lumber Board

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.
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