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Course Description

This presentation will provide an introductory review of structural wood design for lateral (wind
and seismic) loads, including traditional diaphragms and shear walls as well as alternate systems.

Referenced codes and standards, design properties, design examples and detailing best practices
will be covered.



Learning Objectives

1. Review wood’s role and allowable uses as a structural lateral framing material under current

building codes.

2. Discuss design considerations specific to wood diaphragms and associated chords and collectors

that resist lateral forces in non-residential and multi-family buildings.

3. Identify code-compliant design processes for light wood frame shear walls and associated drag

struts, hold downs and load transfer members.

4. Explore the variety of options for wood as a lateral force-resisting system and discuss how to

efficiently utilize and design each.
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Structural Wood Design

Structural building design loads:
» Gravity

» Lateral Wind Uplift Loads

Gravity Loads
Lateral loads:

» Wind

» Seismic

Lateral Loads
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Structural Wood Design y

ASD vs. LRFD
» SDPWS Section 2.1.2:

» Engineered design of wood structures to

resist wind and seismic forces shall be by -

SPECIAL DESIGN PROVISIONS

one of the methods described in 2.1.2.1 FORWINDIAND SEISWIC

[Allowable Stress Design (ASD)] and 2.1.2.2
[Load and Resistance Factor Design (LRFD)].

ASD LRFD
» Allowable Stress Design » Load and Resistance Factor Design
» Based on allowable strengths and » Based on nominal strengths and

nominal (unfactored) loads factored loads



Wood Design: Lateral Loads

Wind forces

istockphoto, Juanmonino, 155442167

» Caused by wind pressures

» Magnitude based on
exposed building area

Seismic forces

»

»

istockphoto, Varunyu, 908961098

Caused by ground movement

Magnitude based on building
weight



Wood Design: Lateral Loads

» Wind forces

Linear floor load based
on tributary height (plf)

Surface pressure (psf)



Wood Design: Lateral Loads

» Seismic forces

Loads based on Loads distributed as
building weight (Ib) linear floor loads (plf)



Wood Design: Lateral Loads

» Lateral force resisting system
» Diaphragms
» Shear Walls

Diaphragms Shear Walls



Design Example: Lateral Loads

Example building
» 2-story
» Diaphragms
» L=36feet
» W =24 feet
» Exterior shear walls

» h =10 feet

Lateral loading
» Wind: Applied to exterior

» Seismic: Based on seismic weight

FLOOR-TO-
FLOOR = 10/

ROOF
DIAPHRAGM




Design Example: Lateral Loads

Example building
» 2-story
» Diaphragms
» L=36feet
» W =24 feet
» Exterior shear walls

» h =10 feet

Lateral loading
» Wind: Applied to exterior

» Seismic: Based on seismic weight

FLOOR-TO-
FLOOR = 10’

LEVEL 2
DIAPHRAGM




Design Example: Lateral Loads

Example building
» 2-story
» Diaphragms
» L=36feet
» W =24 feet
» Exterior shear walls

» h =10 feet

Lateral loading
» Wind: Applied to exterior

» Seismic: Based on seismic weight

FLOOR-TO-
FLOOR = 10'

EXTERIOR
SHEAR WALLS




Design Example: Lateral Loads

Wind load

» 25 psf (windward + leeward)
» Roof trib. height =5’
- Roof load: 25 psf =5 ft = 125 plf
» Level 2 trib. height = 10’
— Level 2 load: 25 psf * 10 ft = 250 plf

Exterio

W=24'-0"
| Collecto

Collector

-

Shear Wall

e
L (=ﬁ e
= |
@
Job}
=
w —j
- Diaphragm | -

|, Exterior

il

APPLIED WIND LOAD (w)




Design Example: Lateral Loads

Seismic load

» Story load based on seismic weight
» Seismic load V per ASCE 7

'/- Diaphragm -/‘

RERRNRERRNRERRAS|

APPLIED SEISMIC LOAD (w)

» Assume V =9 kips
— Roof load: 4 kips
— Level 2 load: 5 kips

Exterior
1 Shear Wall

| Collector

le

W=24'-0"

Collector

» Distribute along building length, 36ft
— Roof load: 4kips/36ft = 111plf
—> Level 2 load: 5kips/36ft = 139plf

Exterior
g Shear Wall

|
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Wood Design: Diaphragms

» Diaphragms:

Roof
» Roof Diaphragm
» Floor
» Other horizontal
bracing systems
Floor

Diaphragm




Boundary Elements

. _ . (Double Top Plates, Rim
Wood Design: Diaphragms Joist, Truss, Beam, etc.)

Floor or Roof Framing
(Blocking if Required)

Sheathing:
e Wood Structural

Panels (WSP’s) \

e Lumber



Wood Design: Diaphragms

» Diaphragm flexibility (ASCE 7-16, Section 12.3.1):

» Flexible
» Rigid
» Semi-Rigid
APPLIED LOAD (w) APPLIED LOAD (w)
FLEXIBLE BEHAVIOR RIGID BEHAVIOR
l
C.R. Center@
of Rigidtity & g%l\:/.lacsinter

q
[
I
]
[]
]
|
]
]
i
|
|
—
I
']
']
I
!
I
i
1
|
1
|
|
i
|
\
|
%
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Shear Wall Line
Shear Wall Line
Shear Wall Line
Shear Wall Line
Shear Wall Line

Shear Wall Line



Wood Design: Diaphragms

» Light-frame wood diaphragms:
» Traditionally idealized as flexible (ASCE 7-16, Section 12.3.1.1, Item c)

c. In structures of light-frame construction where all of the
following conditions are met:

1. Topping of concrete or similar materials 1s not placed
over wood structural panel diaphragms except for non-
structural topping no greater than 1 1/2 in. (38 mm)
thick.

2. Each line of vertical elements of the seismic force-
resisting system complies with the allowable story drift
of Table 12.12-1.

ASCE 7-16

» Consider diaphragm complexity!
» Semi-rigid or rigid may be more appropriate



Wood Design: Diaphragms

Diaphragm design checks:

» Diaphragm: Aspect Ratio,
Shear, Deflection

» Chords: Tension,
Compression

» Collectors (Drag Struts):
Tension, Compression

Width (W)

Collector

Exterior
Shear Wall

1[,

Chord (T)

R =Vmax

Collector

APPLIED LOAD (w)
Length (L)

4

Exterior
Shear Wall

k




Wood Design: Diaphragms

» Nominal Unit Shear Capacities: 2021 SDPWS

»

»

»

»

Blocked Wood Structural Panel Diaphragms (Table 4.2A)

High Load Blocked Wood Structural Panel Diaphragms (Table 4.2B)

Unblocked Wood Structural Panel Diaphragms (Table 4.2C)

Horizontally or Diagonally-Sheathed Lumber Diaphragms (Table 4.2D)

Table 4.2C Nominal Unit Shear Values for Sheathed Wood-Frame Diaphragms

Unblocked Wood Structural Panel Diaphragms'2346

Minimum

6 in. Nail Spacing at diaphragm boundaries

and supported panel edges

Minimum Nominal Width of
5
COmEman Nt S Bearing Nominal Nailed Face at Case 1 Cases 2,3,4,5,6
Sheathing Length (in.) x Shank Length in Panel Adjoining Panel
Grade diameter (in.) x Head Framing Thickness Edges and Vo G Va Gs
diameter (in.) Merl(llt:'e)r. &m (in.) Boundaries | (pif) (kips/in) (plf) (Kipslin)
= in.
g OSB PLY OSB  PLY
6d 2 460 9.0 7.0 350 6.0 45
1-1/4 5/16
(2x0.113 x 0.266) 3 520 7.0 6.0 390 4.5 4.0
8d 2 670 8.5 7.0 505 6.0 4.5
I 1- /
St (2-1/2 X 0.131 x 0.281) 38 " 3 740 75 60 | 560 50 4.0
10d 2 800 14 10 600 9.5 7.0
1-1/2 15/32
(3x0.148 x 0.312) 3 895 12 9.0 670 8.0 6.0
5/16 2 420 9.0 6.5 310 6.0 4.0
6d 1-1/4 3 475 7.0 5.5 350 5.0 3.5
(2x0.113 x 0.266) e 2 460 75 55 250 50 40 |

2021 SDPWS



Wood Design: Diaphragms

Nominal Unit Shear Capacities (2015 SDPWS):

Load Type

Table 4.2C Nominal Unit Shear Capacities for Wood-Frame Diaphrrgms

Unblocked Wood Structural Panel Dlaphradns“-:‘-*5

Sheathing

\ 4

Panel

Fasteners

Framing at Edges & Boundaries

A B
SEISMIC WIND
v Minimurm 6 in. Nail Spacing at
Minimum Minimum | yominal Width 6 in. Nail Spacing at diaphragm boundaries diaphragm boundaries and
Common Fastener Nominal |of Nailed Face at} and supported panel edges supported panel edges
Sheathing Grade e Penetration Panel Supported Cases
Nail Size in Framing | Thickness | Edges and Case 1 Cases 2,3,4,5,6 CasAe ! 2,3,456
(in)) (in) i ve G. ve G, vh 3.‘
(plf) (kipsfin.} (plf) (kips/in.} (pif) (pIf)
0SB PLY osB PLY
o 2 330 9.0 7.0 250 6.0 4.5 460 350
bd -4 o/é 3 370 70 60 | 280 45 40 520 390
2 480 8.5 7.0 360 6.0 4.5 670 505
Structural | 8d -8 38 3 53 75 60 | 400 50 40 740 560
2 570 14 10 430 9.5 7.0 800 600
1od 2 18132 3 640 12 90 | 480 80 60 895 670
5116 2 300 9.0 6.5 220 6.0 4.0 420 310
6d 1114 3 340 7.0 5.5 250 5.0 35 475 350
38 2 330 7.5 55 250 5.0 4.0 460 350
» 3 370 6.0 45 280 4.0 3.0 520 390
- 38 2 430 9.0 6.5 320 6.0 4.5 600 450
3 480 7.5 5.5 360 5.0 3.5 670 505
Sheathing and ad 1-3/8 7116 2 480 8.5 6.0 340 55 4.0 645 475
Single-Floor 3 510 7.0 55 380 4.5 3.5 715 530
1532 2 480 75 55 360 5.0 4.0 670 505
3 530 8.5 5.0 400 4.0 3.5 740 560
15/32 2 510 15 9.0 380 10 6.0 715 530
10d 1472 3 580 12 8.0 430 8.0 5.5 810 600
19/32 2 570 13 8.5 430 8.5 5.5 800 600
— 3 640 10 7.5 480 7.0 5.0 895 670
2015 SDPWS

Layout



Wood Design: Diaphragms

Nominal Unit Shear Capacities (2015 SDPWS):

Cases 1&3:Continuous Cases 2&4: Continuous Cases 5&6: Continuous
Panel Joints Perpendicular | Panel Joints Parallel to Panel Joints Perpen-
S h o at I“ to Framing Framing dicular and Parallel to
Framing
Long Panel Direction Coth ] —p— i —" - P ne |
Perpendicular to Supports - Etﬁf;’;l\ T o« T - ik
333 333 b 233 . out
R e e VI © & /
51 B 5 ) S o B
N \ T SEE S\ -
X : T '. Calitiois pandl (ks C.ominuous panel joints
) S Diaphragm boundary A Dicphragm boundary Diophragm boundary
Long Panel Direction Case 1 o Come 2 — g i — Framing
Parallel to Supports®* 1idd <« i o Wi
o @33 T T T 238> N
232 AR o s N 833 4
s - S \ \T\r
\ SO 630 S [ S . 1“
Continuous panel joints v - Cfmﬁnuws isnlinisc ‘ s C.ommuous T s
Fasten N ivion bt - Do boodor Py
Framing at E0ges & Bounadaries —




Wood Design: Diaphragms

Nominal Unit Shear Capacities (2021 SDPWS):

Sheathing —

Single Table for
Wind & Seismic

Table 4.2C Nominal Unit Shear Values for Sheathed Wood-Frame Diaphragms

Unblocked Wood Structural Panel Diaphragms'2346

=‘

A

y

Panel

Fasteners

Minimum 6 in. Nail Spacing at diaphragm boundaries

. MInBIr‘nau'm Nail Minimum Nominal Width of and supported panel edges

d Nominal Nailed Face at Case 1 Cases 2,3,4,5,6
Sheathing Length (in.) x Shank Length in Panel Adjoining Panel
Grade diameter (in.) x Head Framing Thickness Edges and Vn Ga Va Ga
diameter (in.) "”'(‘l'::’)" »&m (in.) Boundaries | (pif)y  (kipsfin) | (pH)  (kipsfin)
" in.
(in) OSB PLY 0SB PLY
6d 2 460 9.0 7.0 350 6.0 4.5
1-1/4 5/16
(2x0.113 x 0.266) 3 520 7.0 60 | 390 45 4.0
8d 2 670 8.5 7.0 505 6.0 45
| 1-
Stsiral] (2-1/2 X 0.131 x 0.281) i 4 3 740 75 60 | 560 50 4.0
10d 2 800 14 10 600 9.5 7.0
1-1/2 15/32
(3 x0.148 x 0.312) 3 895 12 9.0 670 8.0 6.0
5116 2 420 9.0 6.5 310 6.0 4.0
6d 1-1/4 3 475 7.0 5.5 350 5.0 35
(2x0.113 x 0.266) 28 2 460 7.5 55 350 5.0 4.0
3 520 6.0 4.5 390 4.0 3.0
38 2 600 9.0 6.5 450 6.0 4.5
3 670 7.5 5.5 505 5.0 3.5
Sheathing and 8d 1-3/8 7/16 2 645 8.5 6.0 475 5.5 4.0
Single-Floor (2-1/2x 0.131 x 0.281) 3 715 7.0 55 530 45 35
15/32 2 670 75 55 505 5.0 4.0
3 740 6.5 5.0 560 4.0 3.5
15132 2 715 15 9.0 530 10 6.0
10d 1112 3 810 12 8.0 600 8.0 5.5
(3x0.148 x 0.312) 19/32 2 800 13 8.5 600 8.5 55
3 895 10 7.5 670 7.0 5.0
4 4 4 2021 SDPWS

Layout

Framing at
Edges &
Boundaries



Wood Design: Diaphragms

Nominal Unit Shear Capacities (2021 SDPWS):

Sheathin

Single Table for
Wind & Seismic

Cases 1&3:Continuous
Panel Joints Perpendicular
to Framing

Cases 2&4: Continuous
Panel Joints Parallel to
Framing

Cases 5&6: Continuous
Panel Joints Perpen-
dicular and Parallel to

Ut

J
D

at

Fasteners

Framing
: ) . Case 5
Long Panel Direction o] — ¢ —_——— Load —
Perpendicular to Supports - :[J:rljil——':l'\\ e - LIy - [l
033 ©33 \h 9% =
o 3 > oS 833 N
0 R N O © ks
| i ) ) S it
LINL T T T \ T AKX [
» Continuous panel joints \ Continuous panel joints . Cf’n'inuws panel joints
— Diephragm boundary A Dicphragm boundary Dicphragm boundary
. : Case 5
Long Panel Direction Case 1 o Cime 2 o Load P
00 rami
Parallel to Supports® 11l " o Hi t KT
P @33 T T [N 93> \.
QT - " 8 " S
233 foRd e N 843 4
(o I ! X [\
\ S 6 A O [0 SIE N\ T
\\ Continuous panel joints W Confinuous panel joints \ *— Continuous panel joints
Bliphrion :oun d|ory Diophragm boundary Diephragm boundary
100 3 810 12 8.U 600 8.0 0.9
(3%0.148 x 0.312) e s 2 80 13 85 | 600 85 55 E d g es
3 895 10 7.5 670 7.0 5.0
4 4 4 2021 SDPWS

Boundaries



Wood Design: Diaphragms

Read the footnotes!

» Adjusted capacities:

» 2015 SDPWS: » 2021 SDPWS:
» ASD: Vysp = Vnom/2.0 » ASD, seismic: Vasp = Vpom/2.8
» LRFD: ViRFD = Vnom * 0.80 » ASD, wind: Vasp = Unom/Z.O

» LRFD, seismic: V;prp = Vnom * 0.50

» LRFD, wind: ViLrRED = Vnom * 0.80

» Reduce capacities if not Douglas-Fir-Larch or Southern Pine



Wood Design: Diaphragms

» Aspect ratio requirements:

Table 4.2.2 Maximum Diaphragm Aspect Ratios
(Flat or Sloped Diaphragms)

Sheathed Wood-Frame Maximum
Diaphragm Assemblies L/W Ratio
Wood structural panel, unblocked 3:1
Wood structural panel, blocked 4:1
Single-layer horizontally-sheathed lumber 2:1
Single-layer diagonally-sheathed lumber 3:1

Double-layer diagonally-sheathed lumber 4:1

2021 SDPWS

Width (W)

Length (L)

M

o

'/— Diaphragm

/‘




Design Example: Diaphragms

Diaphragm aspect ratio check (Level 2):

» L=36ft
» W =24 ft - b
i 7
» Unblocked wood structural panels _ [
. 52 2
» L/W =36ft/24ft = 1.5 - Aspect ratio OK I £
o |® ©
g - '/- Diaphragm /‘ N
Table 4.2.2 Maximum Diaphragm Aspect Ratios = =
2 2=
(Flat or Sloped Diaphragms) I g5
Q w|c
Sheathed Wood-Frame Maximum ?
Diaphragm Assemblies L/W Ratio r
[Wood structural panel, unblocked 3:1 |
Wood structural panel, blocked 4:1
Single-layer horizontally-sheathed lumber 24l
Single-layer diagonally-sheathed lumber 3ul

2021 SDPWS

Double-layer diagonally-sheathed lumber 4:1




Design Example: Diaphragms

Diaphragm loads (Level 2):

» Assume flexible diaphragm (ASCE
7-16, Section 12.3.1.1, Item c) t g

» Wind: 5|2 |
o]
o
- Diaphragm -j |

Exterio

| Collector

Shear Wall

» Roof load: 125 plf
» | Level 2 load: 250 plf .

W=24'-0"

Collector
Exterior

» Seismic:

» Roof load: 111 pif g

» | Level 2 load: 139 plf APPLIED LOAD (w)




Design Example: Diaphragms

Diaphragm wind loads (Level 2):

» Wind: wy,inqg = 250plf

Wwind*L _ 250plf*36ft

» Ry = Vomax = . = > = 4,500lb
R = Vmax R = Vmax
> Vmax = ek = 4;’}‘3;” = 188plf )
» Mw,max — WWi:;d*Lz = 250plf>;(36ft)2 = 40,500ft-Ib ;Lu.f I Shear diagram i,
» Tw.chorda = Cw,chord = waax gé g%
= 20500 — 1,6881b ) T

APPLIED WIND LOAD (w)
L=236-0"




Design Example: Diaphragms

Diaphragm seismic loads (Level 2):
» Seismic: wgo = 139plf

. __ WEgqo*L  139plf=36ft
» REQ = VEQ,max -,

. VEQ,max . 2,502”9
» VEQmax = y = 241t

= 104plf

WgQ*L® _ 139plf=(36ft)?

» MEQ,max -
_ . MEQ,max
» TEQ,chord = CEQ,chord — T w
22,518ft—1b
= = 938Ib
24ft

= 2,5021b

= 22,5181t — Ib

R =Vmax

W =24'-0"

Collector

Exterior
Shear Wall

I

— - —
= -

-
.

Shear diagram

P
/

" APPLIED
C

—

SEISMIC LOAD (w)
c

Collector

Exterior

Shear Wall

!

N




Design Example: Diaphragms

Diaphragm shear check (Level 2):

»

»

»

»

Diaphragm type: Unblocked WSP’s (Table 4.2C)
Sheathing type: 3/8” Structural | OSB

Fastener type & spacing at boundaries & panel edges: 8d @ 6” o.c.

Framing width at edges & boundaries: 2x

» Nominal capacity: v,,,,, = 505plf

Table 4.2C Nominal Unit Shear Values for Sheathed Wood-Frame Diaphragms

Unblocked Wood Structural Panel Diaphragms'2346

6 in. Nail Spacing at diaphragm boundaries

Minimum Nail | 4o Nom'fr::'l"\;\‘,"mh » and supported panel edges
Common Nail Size® Bearing Nominal | Nailed Face at Case 1 Cases 2,3,4,5,6
Sheathing Length (in.) x Shank Length in £33t
Panel Adjoining Panel
Grade diameter (in.) x Head Framing Thick Ed d v G v
diameter (in.) Member, &, Fepad 098 ik s S o
(in.) (in.) Boundaries (plf) (kips/in) (plf) (kips/in)
ge) OSB  PLY 0SB PLY
6d 2 460 9.0 70 | 350 | 6.0 45
1-1/4 5/16
(2 x0.113 x 0.266) 3 520 7.0 60 | 390 | 45 4.0
8d 2 670 85 70 | 505 | 6.0 45
Structural | 1-3/18 3/8 i o
RS (2-1/2 x 0.131 x 0.281) 3 740 75 60 | 560 | 50 4.0
10d 2 800 14 10 600 | 9.5 7.0
14112 15/32
(3x0.148 x 0.312) 3 895 12 9.0 | 670 | 8.0 6.0
&/16 2 420 9.0 65 | 310 | 6.0 4.0
6d 3 475 7.0 55 | 350 | 50 35 |

2021 SDPWS




Design Example: Diaphragms

Diaphragm shear check (Level 2):

» Allowable (adjusted) diaphragm shear capacity:
» Nominal shear capacity from Table 4.2C: v,,,,,, = 505plf
» Adjusted wind shear capacity (ASD): vy, cqp = Vnom/2.0 = 253plf
» Adjusted seismic shear capacity (ASD): Vgg cap = Vnom/ 2.8 = 180plf

» Shear forces:
»  Wind: vy, max = 188plf < vy, cqp = 253plf - OKfor wind
»  Seismic: Vgg max = 104plf < vggcap = 180plf - OK for seismic



Wood Design: Diaphragms

Diaphragm chords:
» Chord forces:

SIS

» Tehorda = Cchorda =

» Chord stresses:

» Tension: f; < F';

f Tchord
t —
Achord

» Compression: f, < F',

f Cchord
c =
Achord

Chord force
(Tension)

Exterior

R =Vmax

Width (W)
i

Collector

APPLIED LOAD (w)
Length (L)

Collector
4

Exterior
Shear Wall

ql,

Chord force /

(Compression)



Design Example: Diaphragms

Chord check (Level 2):

» Wall top plates: (2) 2x6 Douglas-Fir-Larch #2

2

R = Vmax R =Vmax

» Assume (1) 2x6 effective chord: A ;prq = 8.25in

|

» Chord forces & stresses:

» Wind: Ty, chora = Cw chord 915 %} 8
= 1,688I(b T m
2

- tw chord = Cw,chord
= 1,688lb/8.25i7’l2 =|205psi

Collector
|} Vmax |
\
[}
(9}
=
3
A
Exterior
Shear Wall

k

» Seismic: TEQ,ChOTd — CEQ,ChOTd APPLIED WIND LOAD (w)
L=236-0"
= 938Ilb

- tEQ,chord = CEQ,chord
= 938lb/8.25in2 = 114psi



Design Example: Diaphragms

Chord check (Level 2):
Chord stress: t nord = Cehora = 205psi

»

»

Chord capacity:

»

»

Compression: F. = 1,350psi (2018 NDS Supp. Table 4A)

» Load duration factor C; = 1.6 I
» Assume other adjustment factors = 1.0

» F! =1.6*1,350psi = 2,160psi > c.pprq = 205psi - Compression OK
Tension: F; = 575psi (2018 NDS Supplement Table 4A)

» Load duration factor C; = 1.6

» Assume other adjustment factors = 1.0

» F{ =1.6*575psi = 920psi > t.porqa = 205psi > Tension OK

2018 NDS



Wood Design: Diaphragms

Diaphragm collectors (drag struts):

Collector
» Collector forces:

» Teottect = Ceottect =V * Leottect

» Collector stresses: R = Vmax
» Tension: f; S F'y, 4 fe——
f Tcollect ;g: g
Lt Acollect - & E
E w
» Compression: fo < F', |+ B
=

f Ccollect
(o

Collector

Acollect

Collector

i S?ear Wall

APPLIED LOAD (w)
Length (L)




Design Example: Diaphragms

Collector check (Level 2):
» Wall top plates: (2) 2x6 Douglas-Fir-Larch #2
» Assume (1) 2x6 effective chord: A pr-q = 8.25in?
» Collector forces & stresses:
» Wind: Ty, cottect = Cw,cotiect

= 188plf * 12ft = 2,2601b

- tw collect = Cw collect

= 2,2601b/8.25in? =|274psi

»  Seismic: TEQ,collect = CEQ,collect
= 104plf = 12ft = 1,248lb

- tEQ,collect = CEQ,collect
= 1,2481b/8.25in* = 151psi

W =24'-0"

Collector

Exterior
1 Shear Wall

L

Collector |
4

L

APPLIED LOAD (w)

L=236"-0"

Exterior

T Shearwall

|




Design Example: Diaphragms

Collector check (Level 2):
» Collector stress: t.piiect = Ceotlect = 274pS1

» Collector capacity:
» Compression: F. = 1,350psi (2018 NDS Supp. Table 4A)

» Load duration factor C; = 1.6

» Assume other adjustment factors = 1.0

» F! =1.6*1,350psi = 2,160psi > C.p10ct = Compression OK
» Tension: F; = 575psi (2018 NDS Supplement Table 4A)

» Load duration factor C; = 1.6

» Assume other adjust. factors = 1.0

» F{ =1.6%575psi = 920psi > t, yiect ~ Tension OK

2018 NDS



Wood Design: Diaphragms

» Deflection (2021 SDPWS Equation 4.2-1):

»  O4ia

_ 5xvxL3 0.25*v*L = Y x*A,

© 8xExA*W  1,000%Gq = 2*W

chord panel shear chord splice
deformation + nail slip slip

»

»

»

»

»

»

»

»

v = unit shear force

E = modulus of elasticity of chords
A = cross sectional area of chord
G, = apparent shear stiffness

L = diaphragm length

W = diaphragm width

x = distance from chord splice to support

Table 4.2.3 Diaphragm Deflection Equations

Loading case

Equation

1. Mid-span de-
flection of a sin-
gle span simply
supported dia-
phragm with
uniformly dis-
tributed load

5vL3

0.25vL Y xA.

Saia = gEAW T 1000G, T 2ZW

4.2-1)

2. End deflec-
tion of a cantile-
ver diaphragm
with uniformly
distributed load

3vL’3

0.5vL" Y x'A.

1000G, T W’

(4.2-2)

3. End deflec-
tion of a cantile-
ver diaphragm
with concen-
trated load at
the end

8vL'3

vL' Y x'A.

Sdia = EAW’ +

1000G, T W

(4.2-3)

A.= chord splice slip (calculate per 2021 SDPWS Commentary)

2021 SDPWS




Design Example: Diaphragms

» Deflection check (Level 2): §4;,4

» v, = 188plf

» L =36ft
» W =24ft

_ 5xuxL3 0.25*Vv*L

~ 8«ExA*W = 1,000%Gg4
» Xchora = 12ft »
» Echora =

2. X*A¢
2xW

Table 4.2C Nominal Unit Shear Values for Sheathed Wood-Frame Diaphragms

Unblocked Wood Structural Panel Diaphragms?2346

Minimum Nail

6 in. Nail Spacing at diaphragm boundaries
and supported panel edges

Minimum Nominal Width of
Common Nail Size® Bearing
Sheathing Length (in.) x Shank Length in N::'.::f' A’:ﬁg;ﬁ::;:::' Case 1 Cases 2,34,5,6
Grade diameter (in.) x Head Framing Thickness Edges and Vo G, Va G,
diameter (in.) M°"(‘l':‘°)’ » &m (in.) Boundaries (pf)  (kipsfin) | (ptf) | __(Kios/in)
' in.
(in.) 0SB PLY 0SB PLY
6d 2 460 9.0 7.0 350 6.0 4.5
1-1/4 5/16
(2x0.113 x 0.266) 3 520 7.0 6.0 390 4.5 4.0
8d 2 670 8.5 7.0 505 6.0 4.5
SR (2-1/2x 0.131 x 0.281) i A 3 740 75 60 | 560 | 50 | 4.0
10d 2 800 14 10 600 9.5 7.0
1-1/2 15/32
(3x0.148 x 0.312) 3 895 12 9.0 | 670 | 8.0 6.0
5/16 2 420 9.0 6.5 310 6.0 4.0
Fa™ £ ) AT -—n F - - n_ecn cn | | L 3~ 1

G, = 6.0 (2021 SDPWS Table 4.2C)
Calculated A.= 0.05in
1,600,000psi (2018 NDS Supplement Table 4A)

2021 SDPWS




Design Example: Diaphragms

»

»

»

5xp*L3 0.25xvxL . X x*A,
8xExAxW 1,000*G, 2xW

Deflection check (Level 2): 64;, =

) 5xv*L3 5%188plf*(36ft)3 )
» Chord deformation: = PLS6] )2 = 0.017in
8xExAxW 8%1,600,000psi*8.25in<x24ft

a 1. 0.25x%xvxL 0.25%188plf*x36ft .
» Panel shear + nail slip: = = f f = 0.282in
1,000%G, 1,000%6.0kips/in

» Chord splice slip: Z;i;ﬁc = 2*(121;;(]);251'11) = 0.025in

S aiq = 0.017in + 0.282in + 0.025in = 0.324in

Deflection check for Seismic must be performed using strength level

design loads (multiply ASD loads by 1.4)



Wood Design: Diaphragms

Additional considerations:

»

»

»

))

~

Offsets, re-entrant corners, discontinuities, openings

Open front/cantilever configurations
Concentrated, localized loads

Sub-diaphragm aspect ratios




Outline

» Lateral Design Introduction

~

» Diaphragms
Shear Walls
Other Lateral Options

)

~

)

~



Wood Design: Shear Walls

Width (b) .
LATERAL [
FORCE (V)ﬂ A A b ‘1\\ I L T ) h ‘1\'\ B W Y
» Shear Walls: \ \ ‘\
» Specially detailed vertical
components
» Not all walls are shear walls y \ )
£ 2 _
U_EJ"-I %uu_é %o
Vbase
Tension J. .- PEBEE e S Compression

Force (T) Force (C)



Wood Design: Shear Walls

Shear wall types:

_/[/‘

Solid or Segmented Walls

| I Il [}
(1| I —  p—

Perforated Walls

Force Transfer Around
Openings Walls



. Sheathing:
WOOd DeSIgn: Shear WallS e Wood Structural Panel (WSP)
e Vertical Panels (can
eliminate blocking)

e Horizontal Panels

. RN MR L \‘u". A h 05N Y S AT RE T '\.\}l\\k\\k \\k—%"\_r [ ]
Typical Wall N N Lumber

Stud Framing ~

Boundary Element \\ \ \ Hold Down Device

Top Plate

-~ Horizontal Panel
(End Post) \ Orientation % /_ (Continuous Tie-Down)

Boundary Element

Blocking — Vertical Panel V_ (Solid or Engineered)

Orientation

Hold Down ~ X |
%/— Sill Anchors
Bottom Plate — | b

11
1]

-
11




Wood Design: Shear Walls

Width (b) )

LATERAL [
FORCE(V)ﬂ LS K\\n ERR \1\ L R

» Boundary elements: Tension, \
compression

Shear wall design checks:

» Shear wall: Aspect ratio,
shear, deflection

Height (h)

» Anchorage: Hold downs, shear

Boundary Element
T
===
C
Boundary Element

. . Ve . -
Sea RS : 4

ot i L

“'4." == € Q ¢ N * 2
P P s L - RV - N W - R
a . ] Y a .a - . R B
Coew af. . Lt ' n 1 e

N PRI e I N M

n'-".' . N - '_ PR S g -
= ga® Vhase

- <1

Tension
Force (T)

Compression
Force (C)



Wood Design: Shear Walls

Width (b)

LATERAL
FORCE (V) -* L . L . . O, L .

[ N A A
\

» Aspect ratio requirements

» Aspect ratios > 3.5:1 not allowed

» Shear capacity reductions:

» Wood structural panels > 2:1

Height (h)

» Structural fiberboard panels > 1:1

Boundary Element
T
===
C
Boundary Element

Table 4.3.3 Maximum Shear Wall Aspect
Ratios

Sheathed Wood-Frame Shear Wall Maximum

System h/b Ratio
Wood structural panels, unblocked 2:1
Wood structural panels, blocked 3.5:1 .
Particleboard, blocked 2:1
Diagonally-sheathed lumber 2:1 Vosee
Gypsum wallboard 2:112
Portland cement plaster 2:11 Tension Compression
Structural Fiberboard 3.5:1 Force (T) Force (C)

AWC SDPWS, 2021



Design Example: Shear Walls

Aspect ratio check

»

»

h=9ft
b=12ft

» Blocked wood structural panel

» h/b=9ft/12ft = 0.75
— Aspect ratio OK

Table 4.3.3 Maximum Shear Wall Aspect

Ratios

Sheathed Wood-Frame Shear Wall Maximum
System h/b Ratio
Wood structural panels, unblocked 2:1

| Wood structural panels, blocked 3.5:1]
Particleboard, blocked 2:1
Diagonally-sheathed lumber 2:1
Gypsum wallboard 2:112
Portland cement plaster 2:11
Structural Fiberboard 3.5:1

L b=12"-0"
®RCOF ,|
)r
i \ I i
| NN
A 1
o 1
|= | I
- o | |
of | \
| < I
nf o }
| " | \
< | !
1
|
I ]
! A
1, 2ng FLPOR i }
L I i
— ! ;
] i 4] T
|
i | (NN NNNE
Il
3 I
o | I
R I H
o | |
ol il
| o ]
nf o 1
-| " : H
= }‘
I
I
i
Il
I \
| SN ]
L L

AWC SDPWS, 2021




Design Example: Shear Walls

Shear wall wind loads
» Wind:

»  Wwind,R = 125plf, Wwind,L2 = 250plf

) VW’R _ WWinZd'R*L _ 125plf*36ft _ 2,250lb
wi *L i
> Vippp = indie™ - 20T = 4,5001b

» VW,LZ—R = VW,R — Z,ZSOlb

2,250lb
T 188plf

ZVw,2-R =
» VW,Ll—LZ — VW,R + VW,LZ — 6,750lb

6,750lb
o = 563plf

2 VwL1-12 —

L b=12"-0"
WIND 1
FORCE ===
(Vy ) — I |
|
IR
|
| |
2| |
n| < :
= ' i L~ Vw,2-R
| |
|
WIND &_ | JI
FORCE ——l»— ; b ] e M il e ;,
o T 7 | !I T
I T T T1T11
|
° |
| =O l
gl ! |
1l a\ :
T| = i Vw2
i
-L.-‘—"—’E—*-"-T'JJ__
L L L!




Design Example: Shear Walls

Shear wall wind loads — T/C forces
» Wind: VW,R — 2,250”9, VW,LZ — 4,500lb

» My, = Vg *H=2250lb*10ft = 22,5001t * Ib

» TW,LZ—R — CW,LZ—R

= 22,500ft *Ib/12ft = 1,875lb

» My =Vya*H+Vy,pgx(@2*H) =
4,500lb * 10ft + 2,250 b * 20ft = 90,000ft * [

» Tw,Ll—LZ = Cw,Ll—LZ

= 90,000ft = Ib/12ft = 7,5001b

b

) b=12"-0"
WIND ’
FORCE ===
(VW,R) x— = ‘ |
| [ [ [ |
5| % T
b | 4
nlos
z '_;l, i Vit
| ?
WIND &_ Ji
FORCE == et e
Waia) e I :I | i
I || NN NNE
N I
o
I o |_3 (8]
Tl l it~ Vw12




Design Example: Shear Walls

Shear wall seismic loads
» Seismic:

» WEQ,R — 111plf, WEQ,LZ = 139plf
WEQR*L _ 111plf=36ft

» Veor = = > = 2,000Ib
» VEQ,Lz = WEQéLZ*L — 139p1/+36/t _ 2,5001b
» Veor2a—r = Vegor = 2,0000b

ZVEQ,L2-R = zfg;);b = 167plf

» VEQ,Ll—LZ — VEQ,R + VEQ,LZ — 4‘,500lb

4,500lb
o = 375plf

“VEQ,L1-1L2 =

b=12'-0"

SEISMIC
FORCE
(VEQ,R) A = = .
NI .
e
|
N |
=) |
<l i
- Ie |
5 ¥ |
n| < I
T i i L~ VEq,L2-R
| |
SEISMIC &_ ‘_‘_!—‘I‘ <N JI
1) e M 4 = L LMl
::\(I)RCE) #— i !
b T T T
T M I T T T]
?l ?: } Il |
I
Q |
al |
o 3 |
— - |
nf o i
== : .~ VEqL1-12
|
|
_L'-h'l—ﬂﬂ_ﬁ-d—f-J_:__
L L L!




Design Example: Shear Walls

Shear wall seismic loads
» Seismic: VEQ,R — Z,OOOlb, VEQ,LZ — Z,SOOlb

» MEQ,L2 = VEQ,R x* H = Z,OOOlb * 10ft = Z0,000ft & lb

» TEQ,LZ—R = CEQ,LZ—R
= 20,000ft = lb/12ft = 1,6671b

» Mgor1 =Veor2*H +Vgor* (2+H) =
2,500lb » 10ft 4+ 2,000lb * 20ft = 65,000/t * lb

» TEQ,Ll—LZ = CEQ,Ll—LZ

= 65,0001t * lb/12ft = 5,4171b

L b=12"-0"
SEISMIC ’
FORCE
(VEQ,R) — : :
I NNNNNE
i
l-|
ol & ||
.t T |
| & o« | TIE
o 8 S
Wl el g Al o
+ '_l il Vea2®
| |
SEISMIC &_ AN DA AR N J:
1y d e B ¢ = L |
FORCE ====0> = .
(Veq2) — : !I ==
[ w00 [ [ [
I
5 |
sl i«
of || 8 | g
| § | g
| o |_g | J
T £ tl—Vea, 2
1
|
L—--d—-q—e_d-—-«,-«-&_:'_'_
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Wood Design: Shear Walls

» Shear capacities: AWC SDPWS Tables
» Wood panels (Table 4.3A)
» Gypsum panels (Table 4.3B)
» Plaster walls (Table 4.3C)

» Horizontal or diagonal lumber sheathed (Table 4.3D)

Table 4.3A Nominal Unit Shear Capacities for Sheathed Wood-Frame Shear Walls 3¢

Wood-based Panels 4
i ; Nail Type & Size 9 Panel Edge Nail Spacing (in.)
nimum Nail
Nomllcil:l‘:’:ml Bearing Length in 6 4 3 2
Sheathing Material Thickness Framing Member Length (in.) x Shank Va G, Vi G, Va G, Vn G,
(in) orBlocking, & | diameter (in) x Head | (oif) (kipsfin) | (pH) (kipsfin) | (pH) (kipsfin) | (pIf) (ipsiin.)
(in.) diameter (in.)
0SB PLY 0SB PLY OSB PLY 0SB PLY
6d common nail
5/16 1-1/4 560 13 10 | 840 18 13 (1090 23 16 |1430 35 22
(2x0.113x 0.266) 8
Wood Structursl 382 PO 645 19 14 (1010 24 17 [1290 30 20 [1710 43 24
Panels - 7116 2 1-3/8 g | 715 16 13 |1105 21 16 |1415 27 19 |1875 40 24
Structural | 45 (2-1/2 x 0.131 x 0.281)
15/32 785 14 11 [1205 18 14 [1540 24 17 |2045 37 23
10d common nail
15/32 1-1/2 (3%0.148 x.0.312) 810 950 22 16 |1430 29 20 (1860 36 22 |2435 51 28
5/16 ik 6d common nail 505 13 95755 18 12 | 980 24 14 [1260 37 18
2R (2)(0.113x0.266)8 560 11 R5 | R4AD 15 11 11090 20 17 | 1430 1?7 17

AWC SDPWS, 2021



Wood Design: Shear Walls

Shear Wall Nominal Capacities (SDPWS 2015):

Load Type

Table 4.3A Nominal Unit Shear Capacities for Wood-Frame Shear Walls3:6.7

Wood-based Panels*

Sheathing

Fastener

—Spacing

Fasteners

A B
v Minimun SEISMIC WIND
Minimum |  Fastener
Sheathing | Nominal | Penetration Fastener Panel Edge Fastener Spacing (in.) Pa"'_i:piiﬂmff"”
Material Panel in Framing Type & Size s 3 3 2 r 4 3 2
Thl::iI'L‘Tss M;:l‘:ﬁ; gt:vr Ve G, Vi G, Vs G, A G, Vu Vi Vi Vi
{in.) (pif}  (kipsfin.) [ (p)  (kips/in.) | (pif)  (kipsf/in.) | (plf)  (kips/in.) ] (pH) | (p!f) [ (p!f) | (pif)
- Nail (common or 0SB BLY 0SB PLY 0SB PLY 0SB PLY
galvanized box)
‘é‘a"c"tural 516 1-1/4 6 a0 13 10| 600 18 13 | 7A0 23 16 | 1020 35 22 | 560 | 840 | 1000 | 1430
Panels - 38 460 18 14 | 720 24 17 | 920 0 20 | 1zz20 43 24 | 645 | 1010 | 1280 | 1710
St 45 | 71162 1358 &d s0 16 13 | 7e0 21 16 | wi0 27 19 [ 1340 40 24 | 715 | 1105 | 1415 | 1875
15132 560 14 11 | 880 18 14 | 1100 24 17 | 1460 a7 23 | 7as | 1205 | 1540 | 2045
15i32 1-1/2 104 GE0 27 16 | 1020 29 20 | 1330 36 22 | 1ran 51 28 | oso | 1430 | 1a60 | 2435
516 1 o 360 13 85 | 540 18 12 | 700 24 14 | 900 a7 18 | 5056 | 755 | 980 | 1260
Wood 38 400 11 85 | &0 15 11 780 20 13 | 1020 32 17 | 560 | 840 | 1000 | 1430
Strutural 38 40 a7 12 | 640 25 15 | @20 a1 17 | 1060 45 20 [ 615 | B9s | 1150 | 1485
Panels o 71186 1-3/8 ad 480 15 11 | 700 22 14 | 200 28 17 | 1170 42 21 | 670 | sso | 1260 | 1640
Sheathing®® 15132 520 3 10| 780 19 i3 | o805 i5 | 1280 39 o0 | 730 | 1085 | 1370 | va0
1532 12 104 20 22 14 | @20 a0 17 | 1200 37 19 | 1640 52 23 | 80 | 1280 | 1680 | 2155
19032 680 18 13 | 1020 26 16 | 1330 33 13 | 1740 48 72 | as0 | 1430 | 1860 | 2435
» Pl Nail (galvanized casing)
s i‘ng“d 516 1-1/4 ad 280 13 420 18 550 17 720 21 ago | sea | 770 | 1010
3/8 1-3/8 s} 320 16 A80 18 520 20 820 22 450 B70 470 1150
! s EER — 2 e e — M
. Nail (common or
Particleboard galvanized box)
f’h;'_esa',f:;:g;ior 318 6d 240 15 360 17 480 19 600 22 335 | s05 | 645 | s40
Gl and 38 ad 760 18 £ 0 380 71 B30 23 365 | a0 | 670 | &80
M-2 “Exteri 1/2 280 18 420 20 540 22 700 24 380 590 755 980
Glue”) 112 10d 370 21 550 23 720 24 920 25 520 | 770 | 1010 | 1230
5/8 400 21 510 23 790 24 1040 25 560 | as5 | 1105 | 1455
Nail (galvanized roofing)
Structural 112 11 ga. galv. roofing nail (0.120° 340 40 460 5.0 520 55 475 | 645 | 730
Fiberboard ® 1-1/2" long x 716" head)
Sheathing 11 ga. galv. roofing nail (0.120"
- 26/32 E l_gf 2 long gf&" né adl) 340 40 460 50 520 55 475 | 645 | 730

AWC SDPWS, 2015



Wood Design: Shear Walls Single Table for
, N Wind and Seismic
Shear Wall Nominal Capacities (SDPWS 2021):

Table 4.3A Nominal Unit Shear Capacities for Sheathed Wood-Frame Sh2ar Walls *2*

L ]
Sheathlng Wood-based Panels ¢ v Fastener
v Nail Type & Size ® Panel Edge Nail Spacing (in.)
frompa— llnlmum“dll 0 ry 3 2 P
Sheath Nominal Panel | Be3ring Length in a 5 <
ing Material Thick F;amlulom:: Length (in.) x Shank Vo N Vo G Va G. Va N °
(in) Mo,,f,"" ‘M('"";';'“ (M) (kipsfin) | (pi) (kipsfin) | (pl) (kipsfin) | (pM) (Kipsiin.) S a CI n
0SB PLY PLY PLY 0SB PLY
gam— Bd common nail
518 114 @xonaxozes® |50 13 10|80 18 131000 23 16 (1430 35 2
Wood Structural m! - e 645 19 14 |1010 24 17 |1290 30 20 | 1710 43 24
Panels - 71862 138 inticy s |715 16 13 [1105 21 16 (1415 27 19 [1875 40 24
Structural 143 (2-172 x 0.131 x 0.281)
1832 785 14 11 (1205 18 14 [1540 24 17 | 2045 37 23
10d common nail
1532 1112 e T 22 16 [1430 20 20 (1860 36 22 |2435 51 28
516 i 8d common nail 505 13 95| 755 18 12 | 980 24 14 (1260 37 138
a8 (2x0.113x0.266)% |s60 11 85|80 15 11 [1000 20 13 |1430 32 17
2
T | 8 - - 615 17 12 895 25 15 [1150 31 17 |1485 45 20
Panels - 7I132 1-318 g | 670 15 1 | 980 22 14 (1260 28 17 | 1640 42 21
Sheathing 45 (2-172x0.131 x 0.281)
18732 730 13 10 [1065 19 13 [1370 25 15 [1790 39 20
16032 - 108 common nail 870 22 14 (1290 30 17 (1680 37 19 2185 &2 23
) e 1932 (3x0.148x0312)%% fos0 19 13 |1430 26 16 |1860 33 18 [2435 48 2
7
4 6d gaiv.” casing nail
516 114 R 0aox 0142 390 13 590 16 770 17 1010 21
8d gaiv.” casing
a8 138 i |- = 670 18 870 20 |10 22
6d common nail
" a8 @xonsxozes® |3% 18 505 17 645 19 840 2
Sheathing - a8 8d common nail 365 18 530 20 670 21 880 2
O4-5 "Bderor "» (2-12x0.131x 0281)® 300 18 5600 20 755 22 %80 24
"Exterior Glue”) " 10d common nail 520 21 70 23 [1000 24 [1200 26
58 (3x0.148x0312)% | 560 21 855 23 |1105 24  |1456 26
7
11 ga. ganv. roofing nail
4 ” R 475 40 (645 50 [73%0 55
Fiberboard 5
Sheathing 11 ga. gaiv.” roofing nail 47!
— 2632 i popger o 5 40 |es 50 | 730 58

Fa Ste ners 4 4 2021 AWC SDPWS



Wood Design: Shear Walls

Read the footnotes!

» Adjusted capacities:

» SDPWS 2015: » SDPWS 2021:
» ASD: vjop = Vpom/2.0 » ASD, seismic: Vasp = Vpom/2.8
» LRFD: Vigrp = Unom * 0.80 » ASD, wind: v45p = Vpom/2.0

» LRFD, seismic: Vyrrp = Unom * 0.50

» LRFD, wind: ViLrRED = Vnom * 0.80

» Reduce capacities if not Douglas-Fir-Larch or Southern Pine



Design Example: Shear Walls

Shear wall check (lower story)

» Shear wall:
» Sheathing = 15/32” Structural |, Blocked
» Fasteners = 8d, 3” O.C. at edges, 12” O.C. at intermediate framing

» Nominal capacity: v,,,,, = 1,540plf

Table 4.3A Nominal Unit Shear Capacities for Sheathed Wood-Frame Shear Walls 3¢

Wood-based Panels 4

e Nail Nail Type & Size ° Panel Edge Nail Spacing (in.)
inimum Nai
N oﬁll':";?:':n el Bearing Length in 6 4 3 2
Sheathing Material . Framing Member Length (in.) x Shank Vn Ga Vn Ga Vn Ga Vn Ga
Thickness or Blocking. € gth (in.)
(in.) (in) g, Em diameter (in.) x Head (plf) (kipsfin.) | (pf) (kipsfin.) | (pH) | (kipsfin.) | (pif) (kips/in.)
J diameter (in.)
0SB PLY OSB PLY OSB PLY 0SB PLY
6d common nail
5/16 1-1/4 (2x0.113 x 0.266) 8 560 13 10 | 840 18 13 [[1090 | 23 16 | 1430 35 22 .
2 o
Wood Structural 3/8 ——_— 645 19 14 |1010 24 17 [1290 | 30 20 1710 43 24 8
Panels - 7116 2 1-3/8 g | 715 16 13 |1105 21 16 |[1415 | 27 19 |1875 40 24 -
Structural | 45 (2-1/2 x 0.131 x 0.281) A
15/32 785 14 11 11205 18 14 11540 1 24 17 |2045 37 23 | =
p (ay,
10d common nail
15/32 1-1/2 9 22 16 [1430 2 20 (1860 | 36 22 |24 1 2 (@]
(3x0.148 x 0.312) 810 % B 29 £ h &8 8| @
5/16 o 6d common nail 505 13 95| 755 18 12 | 980 | 24 14 |1260 37 18 §
3/8 (2x0.113 x 0.266) 8 560 11 85|80 15 11 1090 | 20 13 [1430 32 17 | <




Design Example: Shear walls

Shear wall check (lower story)

» Shear wall capacity:
» Nominal capacity: v,,,,, = 1540plf
»  Wind capacity (ASD): vy, cap = Vnom/2.0 = 770plf
» Seismic capacity (ASD): Vgg cap = Vnom/2.8 = 550plf

» Shear wall check:
»  Wind design load: vy, max = 563plf < vy cap = 770plf - OK for wind
»  Seismic design load: Vgg max = 375plf < Vgg,cap = 550plf - OK for seismic



Wood Design: Shear Walls ‘r wanty

LATERAL
FORCE(V)*; L T L . T L . O O L T

Boundary Element \ \ \

» End post force:

_ V+h
» Forsingle story: Tyos¢ = Cpost = —-

\

Boundary Element
Height (h)

T
\ N\ ==
W
i
#IC#
Boundary Element

» End post checks:

» Tension: f; < F';
Boundary

Element
(End Post)

f Tchord
t —
Achord

» Compression: f, < F',

f Cchord
C

Achord Viase

Tension ... o soeT Lo Ti-# compression
Force (T) Force (C)



Design Example: Shear Walls

Boundary Element: End Posts

» (2)2x6 Douglas Fir-Larch #2
» Apost = 2 * (1.5in * 5.5in) = 16.5in”

» Post forces (L1-L2)
» Wind: Ty, post,L1-12 = Cwpost,L1-12 = 7,5001b

» CTwpostL1-L2 = Cw,post,L1-L2
= 7,5001b/16.5in? =|455psi

» Seismic;: TEQ,post,Ll—LZ = CEQ,post,Ll—LZ = 5,417lb

» UgQpost,L1-L2 = CEQpost,L1-L2
— 5,4171b/16.5in® = 328psi

L b=12"-0"
LATERAL 7
FORCE
(V) — - :
i [i 1 |
= LI
|
5| i |
R |
ol . il .
| é Il g_
n| < - U
B “ L~ V1i2-R
| |
LATERAL &_ | JI
e
(Vi) = !| _
I L LI TT1T1]
|
e |
S |
13 T I
- o | )
Sl g ¥
n| o [y U
ik l’ i —Vvie
1
I|\
N 1
Gt el bt el el
L L L!




Design Example: Shear Walls

End Posts: t,ost11-12 = Cpost,L1-L2 = 455psi
» End post capacity:
» Tension: F; = 575 psi (NDS Supplement Table 4A) [ |
» Load duration factor C; = 1.6 AWC NDS, 2018

» F{ =1.6 %575 psi = 920psi > tyost11-12 = 455psi - Tension OK

» Compression: F. = 1,350 psi (NDS Supplement Table 4A)
» Load duration factor C; = 1.6
» Column stability factor C, = 0.514

» Assume other adjust. factors = 1.0
» F, =1.6x0.514 = 1,350 psi = 1,110psi > cpost 112 = 455psi - Compression OK



Wood Design: Shear Walls

Anchorage

» Axial:

»

» Tension / Compression at ends of

wall segment

Shear:

»

»

Wall below: Fasteners (nails, etc.)

Foundation below: Anchor bolts

|

Width (b)

|

J

LATERAL
FORCE (V) # L L L . L . S

N

Boundary Element
T
s e

i
\

WY

Axial
Anchorage ~|
\~
Shear ¢
Anchorage
Tension
Force (T)

N Lol

e : —

#(':h
Boundary Element
Height (h)

Vbase

4 -
Compression

Force (C)



Wood Design: Shear Walls

Hold down types:

Sheathing not
shown for clanty

ATUD/TUD

Equal number of
specified nails
in each end

Simpson Strong-Tie Strap Ties & Holdowns MiTek Holdowns Simpson Strong-Tie Anchor Tie
Down System & Take-Up Device

Straps Bucket style Continuous Rod System



Design Example: Shear Walls

) b=12" -0
LATERAL i
Anchorage :‘Z};CE T | EREEEN
» Anchorage forces (L1) 5o |
» Wind: Ty, yost,11-12 = Cwpost,11-L2 i < n—I llljgiv
=|7,5001b | |
L LATERAL &__‘__‘_ ‘i_«..‘_&i
» Seismic: TEQ,pOSt,Ll—LZ — CEQ,pOSt,Ll—LZ ::\?:)CE e " ‘ i
e T LD
E Z '_?1 I} I:{Vu-Lz

L
!

L (-t L L
Tension l Compression
Force (T) Force (C)




Design Example: Shear Walls

Anchorage: Axial

» Tension: Typsr 11-12 = 7,50010b

» Proprietary hold down

Minimum
wood
T member

thickness
(see General
B © Notes)

Preservative-
treated barrier
may be
required

i1ot holes for
;ranufanlurlng
purpuﬂfrt
faslene
I'IEI{I mﬂl]ll’{ﬂ]"‘-'_:

Dimensions Fasteners Minimum Allowable Tension Loads
(in.) (in.) Wood (160)
Model G Memb: Code
No. a. Anchor Wood v Deflection at Ref.
H B CL | SO |BoltDia. Fasteners Size DF/SP SPF/HF Allowable Load
(in) (in) (in)
HDU2-SDS25 | 14 8 | 3% | 1%s | 1% | % (6)%x21%SDS | 3x3% 3,075 2215 0.088 IBCe.
HDU4-SDS25 | 14 10%s| 3% | 1% | 1% | % | (10)%x2%SDS | 3x3% 4,565 3,285 0414 FL, LA
HDU5-SDS2.5 | 14 13%s | 3% | 1% | 1% | % (14) %x21%SDS | 3x3% 5,645 4,340 0115
3x3% 6,765 5,820 0.11
HDUS-SDS2.5 | 10 16% | 3% | 1% | 1% | % (20) % x2%SDS | 3%x3% 6,970 5,995 0116
36 x 4% 7.870 6,580 0113
3% x5% 9,535 8,030 0.137
HDU11-SDS2.5 | 10 22vi| 3% | 1% | 1% 1 (30) % x 2% SDS
3%xT% 11,175 9,610 0.137
3%x5% | 10770 9,260 0.122 —
HDU14-SDS25 | 7 251s| 3% | 1% | 1% | 1 (36) 1% x2%SDS | 3%x7% | 14,390 12,375 0177 BC
5%x5% | 14,445 12,425 0172 FL, LA

Simpson Strong-Tie HDU Holdown



Design Example: Shear Walls

Anchorage: Axial
» Compression: Cyos¢11-12 = 7,5001b
» Cpostii-rz = 7,5001b/24.75in* = 303psi

» Bearing check of wall bottom plate
» F, = 625 psi (NDS Supplement Table 4A)
» Assume adjustment factors = 1.0

» F/,=625psi > Cypse11-12 = 303psi - Bearing OK

— %
R~ —

Minimum
wood
. member
z 1 thickness

& (see General
B © Notes)

Preservative-
treated barrier
may be
required

Simpson Strong-Tie
HDU Holdown



Design Example: Shear Walls

LATERAL 1 Pl
Anchorage: Shear rosce =2 S—— .
» Shear load: i S
» Wind: V,, 1 =|6,750lb I | /
» Seismic: Vgo 1 = 4,5001b | |

LATERAL &_ | Ji
FORCE === ittt o
» %”@ Anchor bolts into foundation e ﬁ |

il .

» ASD capacity = 650 Ib (NDS Table 12E) ol T |
» Load duration factor C; = 1.6 : i “?1 | v
— Adjusted capacity = 1040 |b L \ ll

» 6,750lb/1040lb = 6.5 > (7) anchor bolts KL/“‘IF/\/L
» (12ft — 2 * 4.5in) /8 spaces = 16" spacing Ij:‘j;"(';,l foreei "

» Note: Connection to foundation also must be checked



Wood Design: Shear Walls

» Deflection

b = shear wall length

h = shear wall height

. 8xv*h3 vxh h*Aq .
» Ogy = foas T Tooorc, +— (SPDWS Equation 4.3-1)
end post panel shear wall anchorage
deformation + nail slip deformation
» v = unitshear »
» FE = modulus of elasticity of end posts »
» A = cross sectional area of end posts »

» G, = apparent shear stiffness

A, = vertical deformation of
wall anchorage system



Wood Design: Shear Walls

. 8+v*h’ vxh i
» Deflection: dg,, = ExA«b | 1,000%G, T ba

» 1, =|563plf » Apost = 24.75in” » G, = 24Kkips/in

1.4 * vgq = 525plf » Epost = 1,600,000psi  » A,= vertical deformation of

» b=12ft (NDS Supplement Table 4A) wall anchorage system
» h=9ft

Table 4.3A Nominal Unit Shear Capacities for Sheathed Wood-Frame Shear Walls 3¢

(SPDWS Equation 4.3-1)

Wood-based Panels 4

e Nail Nail Type & Size ° Panel Edge Nail Spacing (in.)
inimum Nai
N oﬁll':";?:':n el Bearing Length in 6 4 3 2
Sheathing Material . Framing Member Length (in.) x Shank Vn Ga Vn Ga Vn Ga Vn Ga
Thickness or Blocking. € gth (in.)
(in.) (in) g, Em diameter (in.) x Head (plf) (kipsfin.) | (pf) (kipsfin.) | (pH) | (kipsfin.) | (pif) (kips/in.)
J diameter (in.)
0SB PLY OSB PLY OSB | PLY 0SB PLY
6d common nail
5/16 1-1/4 (2x0.113 x 0.266) 8 560 13 10 | 840 18 13 |1090| 23 | 16 | 1430 35 22
2
Wood Structural 3/8 ——_— 645 19 14 |1010 24 17 1200 30 | 20 [1710 43 24 | _
Panels - 7116 2 1-3/8 g 1715 16 13 [1105 21 16 [1415] 27 | 19 |1875 40 24 | &
Structural | 45 (2-1/2 x 0.131 x 0.281) &
15/32 785 14 11 | 1205 18 14 | 1540 24 | 17 |2045 37 23 | »
10d common nail =
15/32 1-1/2 9 22 16 [1430 2 20 (1860 | 36 | 22 |24 1 2 o
(3x0.148 x 0.312) 810 % B 29 £ h &8 4 a
5/16 o 6d common nail 505 13 95| 755 18 12 | 980 | 24 | 14 |1260 37 18 §
3/8 (2x0.113 x 0.266) 8 560 11 85840 15 11 |[1090] 20 | 13 |1430 32 17 | <




Wood Design: Shear Walls

» Deflection: Calculation of A,

»

»

b
» A= (Ar + Ac) * boss
b = 12ft
bep = 12ft — 227 — (4.5in + 12 in) = 11.3ft

»

»

Ar= 0.113in (per manufacturer)

AC:
» CpOSt,Ll—LZ = 7,500lb/2475ln2 = 303p5l

» F, = 625psi > 0.73 * F;; = 456psi

. Cpost,L1-L2 __ 303psi __ :
» AC— Ao_oz * —0.73*FCJ_ — 002 * 456psi — 0013ln
. . 12ft .
-> A,= (0.113in + 0.013in) * = 0.134in

11.3ft

Figure C4.3.4B

Rigid Body Overturning Component of Shear Wall Deflection

hle
b

— -

17 c!
F=— Oeff —=
b

Shear wall (free-body diagram)

L

Detailed View of Tension Edge

e : =r=

|

Detailed View of Compression Edge

AWC SDPWS, 2021



Figure C4.3.6.1.2 Tension and Compression

Wood Design: Shear Walls Wall vertarming Moment.

Figure C4 . stion
— ?"
» Deflection: Calculation of A, I I I R
b . - : .
» Ag= (Ar +Ac) *- i i i T
b=tz [
» =
psin 5 I I || ' :
_ : : ) — I ! 1 1
> bepp = 12ft =20 — (45in + 12in) = 11.3f¢ o
] 1 I I
» Ar= 0.113in (per manufacturer) i H H H :: doe
|| I | Il
»  Ac: I I 1 I
> Cpostir—1z = 7,5001b/24.75in? = 303psi 4 i’i i i
|| I | Il
— : 1 Il || |1,
» At 073 * FCJ_I AO.OZ_ 002”1 (NDS 426) = LA N I .l
11 1 | | 11
» F, = 625psi > 0.73 * F;; = 456psi :.I | 1,{ H ﬁ
U |
_ CpostLi-Lz _ 303psi : I I 1 1]
» Ac— Ao_oz * —0.73*FCJ_ = (0.02 x 456psi = 0.013in o F o [___LL ___J_l___” _I_'
— | it
ssion Edge
: : 12ft , . .
S A= (0.113in + 0.013in) * =2 = 0.134in - ol s
a
11.3ft — b b——

AWC SDPWS, 2021



Design Example: Shear Walls

»

»

»

: 8xvxh3 v*h hx*A :
Deflection: §,, = + —= (SPDWS Equation 4.3-1)
ExAx*b 1,000%G,4 b
. 8xpxh3 8x563plf*(9ft)> :
» End post deformation: ——— = 2 f.)z = 0.007in
ExAxb  1,600,000psi*24.75in2+12ft
- xh 563plf*9ft :
» Panel shear + nail slip: - = Z)f.f'. = 0.211in
1,000%G, 1,000%24kips/in
. hx*A 9ftx0.1341 .
» Wall anchorage deformation: —= = / = = 0.101in

b 12ft

O = 0.007in 4+ 0.211in 4+ 0.101in = 0.32in

Deflection check for Seismic must be performed using strength level
design loads (multiply ASD loads by 1.4)




Outline

» Lateral Design Introduction
» Diaphragms

» Shear Walls

» Other Lateral Options



Wood Design: Other Lateral Options

Proprietary Systems
» Panels

» Braced Frames

» Portal Frames

MiTek
Hardy Frame Panel

MiTek
Hardy Frame Braced Frame

Simpson Strong-Tie Simpson Strong-Tie
Strong-Wall Strong-Wall



Wood Design: Other Lateral Options

Heavy Timber Braced Frames

Apex Plaza, William McDonough + Partners,
Simpson Gumpertz & Heger, photo Prakash Patel



Wood Design: Other Lateral Options

Wood/Steel Hybrid Systems
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MSU STEM Teaching and Learning Facility / Integrated Design Solutions /
SDI Structures / Photo Kevin Marshall/Integrated Design Solutions



Wood Design: Other Lateral Options

Mass Timber Panels

-
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340+ Dixwell / GOA / ODEH Engineers - WSP / Photo GOA



Wood Design: Other Lateral Options

Concrete or Masonry Cores
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QUESTIONS?

This concludes The American
Institute of Architects Continuing
Education Systems Course

Matt Cloninger, PE, SE Mike Romanowski, SE
Woodworks Woodworks

matt.cloninger@woodworks.org mike.Romanowski@woodworks.org



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 2025
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