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Load Paths

FIGURE 1
VERTICAL LOAD PATH

Vertical Loads
gravity
D, L, LrS,

Lateral Loads
wind
seismic

FIGURE 2
LATERAL LOAD PATH
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Diaphragms and
Shear Walls

APA X305

FIGURE 4
SEISMIC FORCES ACTING ON MASS

LATERAL LOAD ANALYSIS MUST
BE CONDUCTED ALONG BOTH
AXES OF STRUCTURE

First design:

g
slfgﬁﬂ'

FIGURE 5
WIND FORCES ACTING ON AREA

and then desigh:
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Lateral Force Resistance

Stability requires at least 2 points of

intersection.

Force is more evenly resisted with centroid

of walls in the kern of slab
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Structures Il
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Definitions

Diaphragm — a flat structure which
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plane loads. COLLECTOR ROOF OR FLOOR COLLECTOR
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w = TRANSYERSE
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Definitions

Blocked Diaphragm — all panel edges are
supported by (and nailed to) framing
member.

Unblocked Diaphragm — only the short, 4 ft
edge is supported by framing member.
This is the most common situation.

Drag Strut — at the edge of the diaphragm.
It distributes the shear force from one
diaphragm to another — e.g. from floor
diaphragm to shear wall.

Breyer

Peter von Buelow

DIAPHRAGM
BOUNDARY
NAILING

PANEL EDGE
DIAPHRAGM NAILING
BOUNDARY = "
Vs ¢
- 2 -
P .
)
4'X 8' WOOD —J - p
STRUCTURAL k
PANEL - O . -
THE “FIELD" OF R — .: T
THE PANEL /

BLOCKING CUT AND FITTED

CONTINUOUS
PANEL JOINT

NAILING ALONG
CONTINUOUS
PANEL JOINT

FLOOR OR ROOF JOISTS

BETWEEN JOISTS AT PANEL EDGES

PARTIAL ROOF OR FLOOR PLAN

Figure 9.5b. Blocked diaphragm.

THIS PANEL JOINT
NOT CONTINUOUS

DIAPHRAGM
BOUNDARY ; \

4'X &' WooD
STRUCTURAL
PANEL

SUPPORTED EDGES
156" 0.C.

MAX. NAIL SPACING
AT DIAPH o y: :
BOUNDARY AND )—\.C)
g

CONTINUOUS
PANEL JOINT

NAILING TO
INTERMEDIATE
FRAMING
MEMBERS IS ALSO
KNOWN AS "FIELD"
NAILING. SPACING
18 12" 0.C. FOR
ROOFS AND

THIS PANEL EDGE
1S NOT SUPPORTED
BY BLOCKING AND

15 KNOWN AS THE
UNBLOCKED EDGE
- OTHER TYPE OF
EDGE SUPPORT
MAY BE REQUIRED
FOR SHEATHING

FLOORS ( 6" O.C.

WHEN SUPPORTS
ARE SPACED 48"
OR GREATER) .

FLOOR OR ROOF
JOIsTS

PARTIAL ROOF OR FLOOR PLAN

LOADS

Figure 9.5a. Unblocked diaphragm.
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Diaphragm Types

Blocked

» all edges supported and
nailed

» stronger
* more expensive

Unblocked

* more common type
* lower capacity

* less stiff

Peter von Buelow

APA X305

BLOCKED AND UNBLOCKED DIAPHRAGMSIIL L LELINELEELLIL

Blocked Diaphragm

Unblocked Diaphragm

University of Michigan, TCAUP
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Diaphragm Selection

For Shear Force

roof and floor diaphragms
Example 1:

residential roof diaphragm
trussed roof (2x dim. lumber)
unblocked any case

capacity 180 plf - any direction

DIAPHRAGM FORCES

D fw = 12EI’I

I f
sl | ¥ -5 1
I I
#R 60 ft ’R
3600lb___giMPLE BEAM

MAX V=R = wL
2

4

wl
Y AND v ARE MAXIMUM 2
AT SUPPORTS
SHEAR 1S CARRIED BY SHEATHING

DIAPHRAGM SHEAR

APA

X305

TABLE 1

DIAPHRAGMS: RECOMMENDED SHEAR (POUNDS PER FOOT) FOR HORIZONTAL APA PANEL DIAPHRAGMS WITH FRAMING OF
DOUGLAS-FIR, LARCH OR SOUTHERN PINE(@) FOR WIND OR SEISMIC LOADING

Blocked Diaphragms Unblocked Diaphragms

Nails Spaced 6" max. at

Nail Spacing (in.) at
aFi o i Supported Edges(b)

diaphragm boundaries
(all cases), at continuous
panel edges parallel
to load (Cases 3 & 4),
and at all panel

edges (Cases 5 & 6)(b)
Minimum 6 4 2-1/2(9 200 Case 1 (No
ini Nominal unblocked
Nail Nominal Width of Nail Spacing (in.) at edges or All other
Penetration Panel Framing other panel edges continuous configurations
Common  in Framing  Thickness Member (Cases 1,2,3 & 4) joints parallel (Cases 2, 3,
Panel Grade  Nail Size (inches) (inch) (inches) to load) 4,58&6)
il ! CHIRNRCH R IR R ANNE RS ] 11
2 185 250 375 420 165 125
od il e 3 210 280 420 475 185 140
e 2 270 360 530 600 240 180
STR;JCT URAL I &d 1-3/8 3/8 3 300 400 400 675 265 200
grades
2 320 425 640 730 285 215
joded Iilaz 13/52 3 360 480 720 820 320 240
5116 2 170 225 335 380 150 110
3 190 250 380 430 170 125
6dle) 1-1/4
3/8 2 185 250 375 420 165 125
3 210 280 420 475 185 140
AP RATED e e e e b it bt bk et Pt Rkt
SHEATHING, 3/8 2 240 320 480 545 215 160
APA RATED 3 270 360 540 610 240 180
STURD-I-
FLOOR 8d 1.3/8 N6 2 255 340 505 575 230 170
and other L1 L 2831 1R8O IIRAS 111543 1111 133 111991
4o grades 15/32 2 270 360 530 600 240 180
except Species 3 300 400 600 675 265 200
Group 5
15/32 2 290 385 575 655 255 190
3 325 430 650 735 290 215
10d(d) 1-1/2
19/32 2 320 425 640 730 285 215
3 360 480 720 820 320 240

(a) For framing of other species: (1) Find specific gravity for species of lumber
in the AFPA National Design Specification. (2) Find shear value from table
above for nail size for actual grade. (3) Multiply value by the following adjust-
ment factor: Specific Gravity Adjustment Factor = [1 - (0.5 - SG)), where SG
= specific gravity of the framing. This adjustment shall not be greater than 1.
(b) Space nails maximum 12 in. o.c. along intermediate framing members

(6 in. o.c. when supports are spaced 48 in. o.c.).

(c) Framing at adjoining panel edges shall be 3-in. nominal or wider, and
nails shall be staggered where nails are spaced 2 inches o.c. or

2-1/2 inches o.c.

(d) Framing at adjoining panel edges shall be 3-in. nominal or wider, and
nails shall be staggered where 10d nails having penetration info framing of
more than 1-5/8 inches are spaced 3 inches o.c.

(e) 8d is recommended minimum for roofs due to negative pressures of

high winds.

Notes: Design for diaphragm stresses depends on direction of continuous
panel joints with reference to load, not on direction of long dimension of
sheet. Continuous framing may be in either direction for blocked diaphragms.
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Diaphragm Selection
For Shear Force

TABLE 1

DIAPHRAGMS: RECOMMENDED SHEAR (POUNDS PER FOOT) FOR HORIZONTAL APA PANEL DIAPHRAGMS WITH FRAMING OF
DOUGLAS-FIR, LARCH OR SOUTHERN PINE(9) FOR WIND OR SEISMIC LOADING

Blocked Dluphrugms

Nail Spaclng (in.) at
diaphragm boundaries

" Unblocked Diaphruéms

Nails Spaced 6" max. at
Supported Edges(b)

roof and floor diaphragms
Example 2:

(all cases), at continuous
panel edges parallel
to load (Cases 3 & 4),
and at all panel
edges (Cuses 5&6)b)

6 4 1219 26  Case 1 (No
Mini Mini unblocked
H i Nail Nominal Width of Ncul Spa:ln (|n.) at edges or All other
commercia I ro Of d 1a p h rag m Penetration Panel Framing other panel edges :on%nuous configurations
. A EABRAS %o[r;r;pn |n( Fruhmlr)\g Th(l:knjss I:/'\enllbe;' (Cases 1,2, 3&4) joints parallel (CAQSES&Z&)&
‘anel rade all 1ze inches mc inches O e
trussed roof (2x dim. lumber) e an
i 2 185 250 375 420 165 125
CapaC|ty 350 plf Case 1 6d 1-1/4 516 3 210 280 420 475 185 140
APA
STRUCTURAL | I 2 270 360 530 600 240 180
blocked iy od tr/8 /8 3 300 400 600 675 265 200
d | 2 320 425 640 730 285 215
DIAPHRAGM FORCES jodst 15112 18732 3 360 480 720 820 320 240
516 2 170 225 335 380 150 110
w= 200 PLF 3 190 250 380 430 170 125
6dle) airz4] (ALt EELLELERLEELL IR TR UL R DAL LR TR LT
D 8 2 185 250 375 420 165 125
3 210 280 420 475 185 140
APA RATED
l | N SHEATHING, 38 2 240 320 480 545 215 160
v APA RATED 3 270 360 540 610 240 180
STURD-I- T
£(20° l | V=g ' ’ FLOOR 2 255 340 505 575 230 170
ppgredl Bd 038 e 3 285 380 570 445 255 190
’ I ' ‘ 45p\grades a 2 270 360 530 600 240 180
gcep' -Zpeaes 3 300 400 400 675 265 200
roup
\ 15/32 2 290 385 575 655 255 190
R 70 ft. 3 325 430 450 735 290 215
R 10d(d) 14172
000 B _— SiPLE BRAM w1 BE BB BB
MAX V=R = wL | | 1 VenelERLY WY
2 (a) For framing of other species: (1) Find specific gravity for species of lumber () Framing at adjoining panel edges shall be 3-in. nominal or wider, and
in the ;?FPA Nuhon?l Design Spe;iﬁcaavicn. (2) Find shear valufe from 'ublde nails sr;'au be s'(gggered where 10d nacnls :uving peneiration into framing of
above for nail size for actual grade. (3) Multiply value by the following adjust-  more than 1-5/8 inches are spaced 3 inches o.c.
V ment factor: Specific Gravity Adjustment Factor = [1 - (0.5 - SGJ], where SG (e) 8d is recommended minimum for roofs due to negative pressures of

= specific gravity of the framing. This adjustment shall not be greater than 1

(b) Space nails maximum 12 in. o.c. along intermediate framing members
(6 in. o.c. when supports are spaced 48 in. o.c.).

<

high winds.

Notes: Design for diaphragm stresses depends on direction of confinuous
panel joints with reference o load, not on direction of long dimension of

wl (c) Framing at adjoining panel edges shall be 3-in. nominal or wider, and sheet. Continuous framing may be in either direction for blocked diaphragms.
V AND v ARE MAXIMUM 2 g?;IIsQS?:c\L::;T:?geved where nails are spaced 2 inches o.c. or
AT 5UPPORT5 lm Case 1 1 ‘“L Case 2 BT:‘.'« l:nseA‘7s“;;:m o Case 5 “;:_:' X LCases L
SHEAR IS CARRIED BY SHEATHING QEOAS ; : : ! ﬁ‘:[“:m |III|I|III|I|’ S E& *ﬁ i :
DIAPHRAGM SHEAR CSLCRY [T = [
Three Shear Wall Types —
i i i SILL BOLTS OR
Design considerations: NALLS
Sheathing — type and thickness Ko
» Sheathing nailing — size and spacing B BAREE
. . . | [} [} |
» Chord design — tension and compression SEGMENTED SHEAR WALL
+ Collector design — tension and comp. STREL STRAP AND
. BLOCKING
* Anchorage — hold-downs, shear ties —— n—v//
S ||
» Shear panel proportions — h:w (see SDPWS) ’
. SILL BOLTS OR —
* Deflection e “II -||‘I
TIE-DOWN—
REACTION FROM ANCHOR
( DIAPHRAGM .
R coukcror !
1 SHEAR WALL DESIGNED FOR FORCE
\Lc | TRANSFER AROUND OPENINGS
DEFLECTED—\| | HORDS\ |
SHAPE \’ I — = ———
I I SILL BOLTS OR
/ sHEATHING |/ NAILS
FDN TIE-DOWN—
////// S L
<—-v—_ rit+rtr+r+r &+ & & & rTrTrrrrry
L Y L Breyer PERFORATED SHEAR WALL
b
Peter von Buelow University of Michigan, TCAUP Slide 10 of 28




Shear Wall Types — 1. Segmented

Acts like a vertical cantilever beam

Let-in Wall Bracing — 45° - limited to single or

top story
Wall Board — requires 8 ft length

Table 4.3.4 Maximum Shear Wall Aspect

Ratios

Shear Wall Maximum
Sheathing Type h/b, Ratio
Wood structural panels, unblocked 2:1
Wood structural panels, blocked a5
Particleboard, blocked 2:1
Diagonal sheathing, conventional 2:1
Gypsum wallboard 2:1!
Portland cement plaster 2:1"
Structural Fiberboard 3.5:1

1 Walls having aspect ratios exceeding 1.5:1 shall be blocked shear walls.

Wood Structural Panel — requires 4 ft length —

3 times stronger by length

AWC SDPWS 2015 (in 2021 Tab. 4.3.3)

SHEAR RESISTING ELEMENTS
PRESCRIPTIVE CORNER BRACING/WALL BRACING

Let-in bracing

Wall board
(8'req’d.)
\

\ /
/
“‘/

A\

Wood Structural Panel
(4' req’d.)
\

APA ,
X305
Peter von Buelow University of Michigan, TCAUP Slide 11 of 28
Shear Wall Types — 2. Force transfer around openings
DOUBLE TOP PLATES SERVE AS
COLLECTOR
DOUBLE STUDS OR
POSTS SERVE AS
: SHEAR WALL CHORDS
The full wall acts as a unit. 7 (VERTICAL BOUNDARY
i i i MEMBERS,
Requires rational analysis 9 s A
AND COMPRESSION
T=C=1867 LB
. EDGE NAIL
Only 2 end hold-down ties are SHEATHING FOR FULL
HEIGHT OF STUDS OR
generally needed. POSTS
: ey =
The wall elements need to be 5 1 6 7 e
. . 1
tied across tgnsmn zones - |/A—/—29Prf 1 | | D 467 pif ] | l/ Faop |
around openings - LI
— 1 1 ———
| | N sopr || |2
Heavier sheathing and nailing V B 4 | - e STRAPS, STUDS AND
is generally required ! ! o687 ACTAS
. _ ' ' _ 2,3,6&7ACT AS
9 yreq 5_______._4‘_-_-_-_-_-_-|_-_-_ BOUNDARY
———an | —_— . — MEMBERS. PROVIDE
EDGE NAILING FOR
29 pif | v 467 pif 4 | 29 pif THE FULL LENGTH OF
l/ ¢ 4 i E i L/ H 4 THESE LINES.
4 P — P — P ——

Breyer

Peter von Buelow

Figure 10.8i Boundary members and fastening for shearwall designed with continuity

around openings.

Slide 12 of 28
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Shear Wall Types — 3. Perforated shearwall

+ Semi-empirical method based on testing.

« Similar to the force transfer method, but with simplified details.

* Generally lower capacity and lower stiffness.
e Follows maximum L/W ratios — see limitations of use.

+ Capacity of the “weak direction” (lacking tension tie-down) is reduce by C, factor (IBC).

Y 77 IR
A /
WEAK DIRECTION f / STRONG DIRECTION
SEGMENT HAS / q SEGMENT HAS FULL
REDUCED UPLIFT / 4 FIXITY, DEVELOPS
RESTRAINT, FULL UNIT SHEAR,
DEVELOPS PARTIAL 1 / — o — - - / AND CARRIED ABOUT
UNIT SHEAR, AND A / / 75% OF SHEARWALL
CARRIES ABOUT 25% ¥ /' # / / 7 / / H LOAD
OF SHEARWALL LOAD / / / /| /
. z
] LI ]
| s |
1 ]
\
Breyer
Peter von Buelow University of Michigan, TCAUP Slide 13 of 28
Shear Wall Connections
Connections need to transmit force in ~ ENGINEERED SHEAR WALLS
6 directions (3 axeS) APA wood structural panels of Specific nail size and
specific grade and thickness spacing requirements
Toenails — not adequate
Hold—down Anchors
Base Shear Anchors
TOENAILS CANNOT
RESIST FORCES IN
ALL DIRECTIONS
= t
N\
Specific stud species Base shear anchor bolts Hold-down anchors

ADNHE] ON

APA X305

Peter von Buelow University of Michigan, TCAUP
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Shear Wall Design Elements

FIGURE 11

. Panel Thickness SHEAR WALL SEGMENT

Panel Grade
Nail spacing

Base shear anchors
Hold down anchors (at ends of each wall)

Placement for lateral stability
Fastening at edges (chords)

Local building codes typically stipulate a minimum w of h/3.5

A Shear Wall... A Diaphragm...
Is vertical Is horizontal
(or nearly so)
Is designed Is designed FIGURE 13 FIGURE 12
like a as a simply OVERTURNING
cantilevered supported BASE SHEAR
beam beam
Table has only Table has both d i |
blocked values, blocked and I !
because a shear  unblocked ‘:
wall is always diaphragm |
blocked* values I

*A code requirement.

APA X305

Slide 15 of 28
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Drag Struts
FIGURE 14

TOP PLATE DRAG STRUTS

Double Top Plate

FIGURE 15
Pl mOl] mdi| wmi] mpil == .'Il_ﬁlL

DRAG STRUTS USED TO TIE AN “rE— ==
“L" SHAPED BUILDING TOGETHER

Double top plate acts like a drag strut
in these locations (over openings).

Drag struts
(double top
plate interior
walls, bottom
chord of roof
truss, floor
joists, etc.)

APA X305

Peter von Buelow University of Michigan, TCAUP Slide 16 of 28




Anchors and Tie-downs

APA Rated Sheathing
or APA Rated Siding 303

Studs

1/4" steel bracket
(A Hold-down)

Bolts to framing,
size as required

=|——-— Sill plate
B

olt to foundation

Concrete
foundation

SILL BOLTS OR
NAILS

TIE-DOWN
ANCHOR

Pressure-treated
barrier may be
required.

SEGMENTED SHEAR WALL

Peter von Buelow University of Michigan, TCAUP
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TABLE 2

Shear Wall

SHEAR WALLS: RECOMMENDED SHEAR (POUNDS PER FOOT) FOR APA PANEL SHEAR WALLS WITH FRAMING OF

DOUGLAS-FIR, LARCH, OR SOUTHERN PINE(@) FOR WIND OR SEISMIC LOADING (b)

Selection Table

Panels Applied Direct to Framing

Panels Applied Over
1/2" or 5/8" Gypsum Sheathing

Minimumi | | INsimom [ TR EETT TR T R LR T VU T TR P R e T EE RN T U TT
Nominal Nail Nail Size Nail Spacing at Nail Size Nail Spacing at
Panel Penetration (common or Panel Edges (in.) (common or Panel Edges (in.)
. . Panel Grade Thickness  in Framing galvanized galvanized
special case diaphragm DRTIVTEREEER P an AU el LV ET o) L TR VEALV 2D T2l Ebed ] DTV ESVIIVTATTETES L E2el]
5/16 1-1/4 6d 200 300 390 510 8d 200 300 390 510
A 3/8 2300 360 460 6106)
STRUCTURAL | 7/16 1-3/8 8d 255(d) 395(d) 505(d) 670(d) 104 280 430 550 730
Example: grades CsR2 TR LTI ELVET T a0 [1so] [1sso [1tzeo0| || LTI CITTEUIITEEEITOELITT Y
. T 15/32 1-1/2 10d(f 340 510 665 870 — — — — —
CommerCIal bu”dlng 5/16 or 1/4lc) 180 270 350 450 180 270 350 450
Shear Wa” QS,EARQE\?G«APA 3/8 H oo 200 300 390 510 &d 200 300 390 510
RATED SIDIN’G(G) 3/8 220(d) 320(d) 410(d) 530(d)
W/ 5/8!! gypsu m Sheathlng and other APA 716 1-3/8 8d 240(d) 350(d) 450(d) 585(d) 10d(f) 260 380 490 640
grades except 15/32 260 380 490 640
for 1 hr. fire rating. species Group, 5 15/32 310 460 600 770 I NHN Y Uy Ay
. . 19/32 A 19301 | [ =daInsTolltaas T kazatl || 1L DR
required capacity = 437 plf -~ AR e
SIDING 303(a) (galvanized (galvanized
and other APA casing) casing)
grades except 5/16<) 1-1/4 6d 140 210 275 360 8d 140 210 275 360
species Group 5 3/8 1-3/8 8d 160 240 310 410 10d() 160 240 310 410

(a) For framing of other species: (1) Find specific gravity for species of lumber
in the AFPA National Design Specification. (2) For common or galvanized box
nails, find shear value from table above for nail size for actual grade. (3) Multi-
ply value by the following adjustment factor: Specific Gravity Adjustment Factor
=[1- (0.5 - SG)], where SG = specific gravity of the framing. This adjustment
shall not be greater than 1.

(b) All panel edges backed with 2-inch nominal or wider framing. Install pan-
els either horizontally or vertically. Space nails maximum 6 inches o.c. along
intermediate framing members for 3/8-inch and 7/16-inch panels installed
on studs spaced 24 inches o.c. For other conditions and panel thicknesses,
space nails maximum 12 inches o.c. on intermediate supports.

(c) 3/8-inch or APA RATED SIDING 16 oc is minimum recommended when
applied direct to framing as exterior siding.

Typical Layout for Shear Walls

i {1L]]
APA X305 \L | }\L

Shear wall boundary
Peter von Buelow

(d) Shears may be increased to values shown for 15/32-inch sheathing with
same nailing provided (1) studs are spaced a maximum of 16 inches o.c., or
(2) if panels are applied with long dimension across studs.

(e) Framing at adjoining panel edges shall be 3-inch nominal or wider, and
nails shall be staggered where nails are spaced 2 inches o.c.

(f) Framing at adjoining panel edges shall be 3-inch nominal or wider, and
nails shall be staggered where 10d nails having penetration into framing of
more than 1-5/8 inches are spaced 3 inches o.c.

(g) Values apply to all-veneer plywood APA RATED SIDING panels only. Other
APA RATED SIDING panels may also qualify on a proprietary basis. APA
RATED SIDING 16 oc plywood may be 11/32 inch, 3/8 inch or thicker.
Thickness at point of nailing on panel edges governs shear values.

Jtickig _‘iruming
[ 1 ! I ———_AS

Foundation resistance




Diaphragm and Shear Wall

Example
Y DARIRAGM + SHEAR wibLl DEggll

Given: Wood frame structure shown
Lateral wind load = 30 psf
2x rafters and studs

Find: Design roof diaphragm sheathing
and shear walls on short side.
Use APA sheathing tables in X305

LoAr or cHerp A

]
&y 300F = 240 0

z
2
LUllilyild
l
28 [+ ! ! ] ! ! ! ,]
ANEREERY
66’
Peter von Buelow University of Michigan, TCAUP Slide 19 of 28
Roof Diaphragm

calculate forces as in a deep beam.

240 rir

m
Force. \/p, , 28 ; ‘“
wd 240 (¢6) | 7,07 Y
z T Tz

SUCAR. Foree o EvUL.
? o/ 11‘0
22006

— = 253 fLF ]\\4X

¥zoo

roA
g

wz?z on(éo)z bt

—_— =

2 |0& oeo % /‘\
e = 8 |

Peter von Buelow University of Michigan, TCAUP
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Roof Diaphragm Panel
Choose Panel from APA chart

Try first the lesser quality:

* unblocked

* APA rated sheathing

« 2’ rafters

* edge shear force = 257 plf

Try:

unblocked, case 1, 19/32“

10d nails at 6” edge 12” inter. o.c.
or

blocked, any case, 15/32”

8d nails at 6” edge 12” inter. o.c.

TABLE 1

DIAPHRAGMS: RECOMMENDED SHEAR (POUNDS PER FOOT) FOR HORIZONTAL APA PANEL DIAPHRAGMS WITH FRAMING OF
DOUGLAS-FIR, LARCH OR SOUTHERN PINE(@) FOR WIND OR SEISMIC LOADING

Nail Spacing (in.) at Nails Spaced 6" max. at
diaphragm boundaries Supported Edges(b)
(all cases), at continuous
panel edges parallel
to load (Cases 3 & 4),
and at all panel
edges (Cases 5 & 6)(b)

o

6 4 2-/2¢@ 2

& Case 1 (No
&8 Case 1 (No

Mini Mini unblocked
Nail Nominal Width of Nail Spacing (in.) at edges or All other
Penetration Panel Framing other panel edges continuous configurations
Common  in Framing  Thickness Member (Cases 1,2, 3 &4) joints parallel (Cases 2, 3,
Panel Grade  Nail Size (inches) (inch) (inches) to load) 4,58&6)
6 6 4 3
185 250 375 420 165 125
od ntat /e 3 210 280 420 475 185 120
pr 2 7 5! 00 240 80
STRUCTURAL | 1. 270 360 30 6 4 1
¥ pd A 33 3 300 400 600 675 265 200
grades
d . 2 320 425 640 730 285 215
Jodi? 172 18752 3 360 480 720 820 320 240
5/16 2 170 225 335 380 150 110
3 190 250 380 430 170 125
6dle) 1-1/4
3/8 2 185 250 375 420 165 125
3 210 280 420 475 185 140
APA RATED
SHEATHING, 3/8 2 240 320 480 545 215 160
APA RATED 3 270 360 540 610 240 180
STURD-I-
FLOOR ! 2 255 340 505 575 230 170
il Bd 28 e 3 285 380 570 645 255 190
A gradas. e 2 270 360 530 600 240 180
except Species 3 300 400 600 675 265 200
Group 5
15/32 2 290 385 575 655 255 190
3 325 430 650 735 290 215
10d(d) 1-1/2
oD 2 320 425 640 730 285 215
3 360 480 720 820 320 240

(a) For framing of other species: (1) Find specific gravity for species of lumber  (d) Framing at adjoining panel edges shall be 3-in. nominal or wider, and
in the AFPA National Design Specification. (2) Find shear value from fable nails shall be staggered where 10d nails having penetration info framing of
above for nail size for actual grade. (3) Multiply value by the following adjust-  more than 1-5/8 inches are spaced 3 inches o.c.

ment factor: Specific Gravity Adjustment Factor = [1 - (0.5 - SGJ], where SG B

= specific gravity of the framing. This adjustment shall not be greater than 1 ‘,ﬁ’gﬁ‘iv'if,;if"'"’“e“de" hinkmim foqiociscealic hegative pressices of

(b) Space nails maximum 12 in. o.c. along intermediate framing members
(6 in. o.c. when supports are spaced 48 in. o.c.).

(c) Framing at adjoining panel edges shall be 3-in. nominal or wider, and
nails shall be staggered where nails are spaced 2 inches o.c. or
2-1/2inches o.c.

Notes: Design for diaphragm stresses depends on direction of continuous
panel joints with reference to load, not on direction of long dimension of
sheet. Continuous framing may be in either direction for blocked diaphragms.

o Cnse1Y‘nm o Case 2 s | Case3 ) o0 Cased ok, o Case 5 s - ‘Cases
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Peter von Buelow T T T TN
. Ctlerp PorRCE. o8 DIAPHRACA
Roof Diaphragm Chord
24de ALF
For the diaphragm, the chords carry the C —> —
moment couple and the panels carry 28 2MG
the web shear T o —>

Tension generally controls.

Chords are usually the double top plates of
the walls, but for simple but jointed
members only 1 member is acting at
the joint. Therefore Area is for 1 2x4
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Shear Wall

Check minimum shear wall width:
by AWC SDPWS

<HEA ML vesignd

- icati - ¥ 3¢orLr
https://awc.org/publications/2021-sdpws/ 100", _a. g -
~T T 1 T
w = h/2 (unblocked)  w = h/3.5 (blocked) 6 & 6!
w=16/2=8 w=16/3.5=457 A (
i
(4
Table 4.3.4 Maximum Shear Wall Aspect - -‘_: -
Ratios 28
Shear Wall Maximum ;o 7 ¢
Sheathing Type h/b, Ratio C+8 +6 = 20 TeTéL
Wood structural panels, unblocked 2:1 22
Wood structural panels, blocked 3.5:1 o
Particleboard, blocked 2:1 2o 360 nF
Diagonal sheathing, conventional 2:1
Gypsum wallboard 2:1!
Portland cement plaster 2:1! UNIT SHEAR
Structural Fiberboard 3:5:1 ;
1 Walls having aspect ratios exceeding 1.5:1 shall be blocked shear walls.
et ssedne 2015 e5 28 -
) VA — D= JZ00
Calculate the shear carried in plf by walls 21 2160
Total force / sum of width = PLF P e B e
&l ! 6 2

the PLF x wall width = force on wall

Peter von Buelow
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Shear Wall Panel

Choose panel from APA
shear wall chart

for 360 plf
Try APA rated sheathing

15/32” 8d at4” o.c.
380 > 360 plf ok

Peter von Buelow

TABLE 2

SHEAR WALLS: RECOMMENDED SHEAR (POUNDS PER FOOT) FOR APA PANEL SHEAR WALLS WITH FRAMING OF
DOUGLAS-FIR, LARCH, OR SOUTHERN PINE(@) FOR WIND OR SEISMIC LOADING (b)

Panels Applied Direct to Framing

Panels Applied Over
1/2" or 5/8" Gypsum Sheathing

Minimum  Minimum
Nominal Nail Nail Size Nail Spacing at Nail Size Nail Spacing at
Panel Penetration (common or Panel Edges (in.) (common or Panel Edges (in.)
Panel Grade Thickness  in Framing galvanized galvanized
(in.) (in.) box) 6 4 3 2(e) box) 6 4 3 2(e)
5/16 1-1/4 6d 200 300 390 510 8d 200 300 390 510
APA 3/8 230 3606 4606 6100)
STRUCTURALI  7/16  1-3/8 8d 25509 3950 505 670  10dfl 280 430 550 730
grades 15/32 280 430 550 730
,,,,,, _Msm2 12 odd 340 510 665 80— —  — — —
5/16 or 1/4l<) 180 270 350 450 180 270 350 450
APA RATED 3/8 o od 200 300 390 510 &d 200 300 390 510
SHEATHING 7 4k 220 3200 410 5301
RATED SIDING!a) —
ARSI 1-3/8 8d 2400 350 450 5850  10dfl 260 380 490 640
grades except 15/32 260 380 490 640
species Group 5 15/32 ! 310 460 600 770 — — == =
19/32 Iiid3 19981 | | IBda T TET0l11ad5 ITEazobl || | 1 L[] A
APA RATED Nail Size Nail Size
SIDING 303(9) (galvanized (galvanized
and other APA lllicasinglj| || _ casing)
grades except 5/16l) 1-1/4 6d 1401112101275 |11360 8d 140 210 275 360
species Group 5 3/8 1-3/8 8d 160 240 310 410 10df 160 240 310 410

(a) For framing of other species: (1) Find specific gravity for species of lumber
in the AFPA National Design Specification. (2) For common or galvanized box
nails, find shear value from table above for nail size for actual grade. (3) Multi-
ply value by the following adjustment factor: Specific Gravity Adjustment Factor
=[1- (0.5-SG]], where SG = specific gravity of the framing. This adjustment
shall not be greater than 1.

(b) All panel edges backed with 2-inch nominal or wider framing. Install pan-
els either horizontally or vertically. Space nails maximum é inches o.c. along
intermediate framing members for 3/8-inch and 7/16-inch panels installed
on studs spaced 24 inches o.c. For other conditions and panel thicknesses,
space nails maximum 12 inches o.c. on intermediate supports.

(c) 3/8-inch or APA RATED SIDING 16 oc is minimum recommended when
applied direct to framing as exterior siding.

Typical Layout for Shear Walls

Load Framing

N ]

Shear wall boundary

(d) Shears may be increased to values shown for 15/32-inch sheathing with
same nailing provided (1) studs are spaced a maximum of 16 inches o.c., or
(2) if panels are applied with long dimension across studs.

(e) Framing at adjoining panel edges shall be 3-inch nominal or wider, and
nails shall be staggered where nails are spaced 2 inches o.c.

(f) Framing at adjoining panel edges shall be 3-inch nominal or wider, and
nails shall be staggered where 10d nails having penetration into framing of
more than 1-5/8 inches are spaced 3 inches o.c.

(g) Values apply to all-veneer plywood APA RATED SIDING panels only. Other
APA RATED SIDING panels may also qualify on a proprietary basis. APA
RATED SIDING 16 oc plywood may be 11/32 inch, 3/8 inch or thicker.
Thickness at point of nailing on panel edges governs shear values.

_Blgckil?g jming
e ‘;
: [ l [ I LN

Foundation resistance




Shear Panel Top Cord

(Collector Strut) UNIT SHEAR
Find the greatest net tension force: 28"
1. Find the net PLF force in the top chord 5y

by taking the difference between the Wik~ 700"

force applied by the diaphragm and the o Z,‘o
resisting force of the shear wall. .
2. Convert the PLF force to total force on $eo R

the wall segment by multiplying PLF x w
3. Graph the change in force along the NET SHgAR ¢

/
chord starting at one end. The free ends 2531 A 74
should both be zero. PLE 1628 108
4. Choose the highest tensile force and find P i
the actual stress in one member (2x4) -103u i nadi

4
5. Check against the factored allowable for i & ¢!

the wood species and grade.

oR,
CougeT Fa&:fl.ll* ‘ol T

Max TeRsien Force = 417 =
( ¢l?

¢ ;Z‘{'"”‘fﬁ:

Fl = 1080 yus VoK
(A5 ABove Gor &0-F P°2)

T —-6"\"* -diz
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Shear Wall Base Anchors
Find the force in each fastener and select them from manufacturer’s literature.

BoTord OUTE Aucior S R”,
For. &' ouizarwidLL. b
R=2850% " h M=R
A =K n=280(1¢) = 460 AR
M 4w9a w -—T
T"-;'-z = 5Feo TLB‘ELF
b

S EslLN TIE Dowdl p o K

BAsSE SHEALA,
e, sTUPS @ 24" oc.
4 srices “SAY 4sn_rs

il
o= Z“o - 720 Yy e

~ Foy’JPM'l o ~
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Shear Wall
End

Holdown
Anchor

T=5760 Ibs

HDU8-SDS2.5HDG

Simpson Strong-Tie Holdown Selector (USA Version)

Post Installed Input Information

Demand Load
Ibs
5760 Ibs

Post Installed Holdown Solutions

Wood Species
DF/SP

Hol_dov!ln Holdown HoIdO\_Nn Deflection at Minir_num Post An_chor Bolt Required Insctz:f -
Application Model Capacity |Demand Load Thickness Diameter Fasteners Index*
Screwed :E?Sl;jze;’ 5980 Ibs 0.081 in. 3.0in. 7/8 in. 1/310)'(8;)1?2 Lowest
Screwed Hs%%g- 9230 Ibs 0.059 in. 45in. 7/8 in. 2;945)2,’5 10%
Screwed | HDONY | 9535 1bs 0.083 in. 5.5in. 1in. Ryl 20%
Screwed ggg;_‘g 14375 Ibs 0.071 in. 7.251in. 1in. 1 /iﬁiséa?z" 48%
Bolted HD7B | 6645 Ibs 0.123in. 3.0in. 7/81n. Sy 26%
Bolted HD9B 7740 Ibs 0.118 in. 3.5in. 7/8 in. 3'“%’@ 127%
Bolted HD12 11350 Ibs 0.087 in. 3.5in. 1in. 4-1"x5" M.B. 267%
Bolted HD19 16775 Ibs 0.069 in. 5.5in. (1) 11/81in. 5-1"x7" M.B. 544%
Note:

Holdown and Tension Tie allowable loads are based on installation with an anchor rod length of 6" from the concrete to the top of the holdown seat.
The products may be raised to any height with consideration of the increased deflection due to additional bolt elongation.

*The Installed Cost Index is used to compare the relative installed costs of similar connectors in order to identify which are the least expensive to
install. The values are determined by combining the estimated cost of the connector, fasteners and labor for each installation and then presenting
them in order from "lowest" cost to highest, showing the percentage of cost increase for each option

Shear Wall — base plate anchor

for A307 bolts Fy = 36 ksi

root area for 3/8” bolt = 0.0742 in2
shear capacity = 10000 x 0.0742 = 742 Ibs. > 720lbs ok

Steel L Hook Anchor Bolts

Fv =10 ksi (threads included)

Multiple product options available

Brands

CALDWELL, FABORY and GRAINGER APPROVED

T Anchor Dia. Anchor Length Thread Length Anchor Hook Length Brand Item #
Hot Dipped Galvanized Fastener Finish
3/8° 6" 1-3/4" 1 ke GAV 21Y486
3/8° 8 1-3/4° 1k GAV 21Y487
172 6 1-3/4" 1-1/2° GAV 21Y488
/2 8" 1-3/4° 1-1/2° GAV 21Y463
/2 10° 1-3/4° 1-1/2° GAV 21Y464
Peter von Buelow Slide 28 of 28
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