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

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

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

Questions related to specific materials, methods,
and services will be addressed at the conclusion of
this presentation.



Course Description

Part 2 of this series will introduce an open front diaphragm design example that will
be worked through in the remaining webinars. Topics addressed will include seismic
force calculation and distribution, and preliminary shear wall design taking into
account nominal shear wall stiffness. The impact of factors such as horizontal and
torsional irregularities on force distribution to shear walls will be examined, and
design of elements contributing to shear wall rotation and overturning will be
discussed. The effect of gravity loads on shear walls will also be reviewed.



Learning Objectives

Discuss evolutions in mid-rise building typology that have led to the need for
open-front diaphragm analysis.

Review diaphragm flexibility provisions in ASCE 7 and the 2015 Special Design
Provisions for Wind & Seismic (SDPWS).

Explore one option for open-front diaphragm analysis under seismic and wind
loading in a wood-frame structure.

Highlight how to calculate story drift, diaphragm deflection and torsional
irregularities, and discover their effects on load distribution through a cantilever
diaphragm structure.



Fasten Your Seatbelts

5 out of 5 Calculators

n."g WoodWorks Example and Method of Analysis:

The solutions paper and this webinar were developed independently
from the AWC task group for open-front diaphragms. The method of
analysis used in this example is based on our engineering judgement,
experience, and interpretation of codes and standards as to how they
might relate to open-front structures.

The analysis techniques provided in this presentation are intended to
demonstrate one method of analysis, but not the only means of analysis.
The techniques and examples shown here are provided as guidance and
information for designers and engineers.



Cantilever Wood Diaphragm Webinar Series-Content

Webinar Part 1- Code Requirements and Relative Stiffness issues:

Webinar Part 2- Shear Wall Design in Cantilever Diaphragm Structures:

Webinar Part 3- Cantilever Diaphragm Design, Flexibility and Drift Checks :

Webinar Part 4-Torsional Irregularity, Other Design Checks, and Final Comments :



Webinar Series Part 2 of 4 parts

Content and Learning Objectives

Shear Wall Design:

Introduction to open-front design example
The design example plan layout and goal of the example will be explained.

Calculation of seismic forces and distribution

The basic seismic forces and distribution to the shear walls will be covered.

Preliminary shear wall design

The basic shear wall construction will be chosen. Suggestions for improving the
preliminary wall design to limit drift and reduce torsion will be discussed.

Nominal shear wall stiffness

A new approach for determining a single shear wall stiffness will be presented.

Verification of shear wall design

Verification of the wall capacity will be examined after the redistribution of forces
are calculated using the nominal shear wall stiffness.



Design Example- Longitudinal Direction

Example plan selected to provide maximum information on design issues
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Disclaimer:

The following information is an open-front diaphragm example which is subject to further revisions and
validation. The information provided is project specific, and is for informational purposes only. It is not

intended to serve as recommendations or as the only method of analysis available.
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Walls receive shear
forces from rigid

Chord continuous | Sy, 8 15’ zgggi;ﬁ;atlon
at corridor walls C L. I :
A AR.=1.25:1 R =1.2 _Vsw _
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Transverse Exam ple Plan
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Er WSP sht’g.—\ '1'2 le
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(Platform framing not shown)

Typical Exterior Wall Sections



Floor or roof Continuous rim joist, beam, special truss or

sheathing double top plate can be used as strut / collector
. or chord.
Blocking or
ontinuous ] o Trusses, top chord
rim joist Splice at all joints bearing with blocking
in boundary element between (shown)

— =

| SW SW
Opening

Opening Opening

Column

I | | 1

Platform framing Semi-balloon framing

Typical Exterior Wall Elevations at Grid Lines A and B



Typical shear
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Typical Wall Sections at Corridor Walls



Legend

—p Engineering judgement required

Analysis Flow= not in paper

Longitudinal Design
ls’tep 16 Calculate lateral |p and Ax — SW & Diaph. Design
= age (seismic) force | not relevant =P Determine flexibility, Drift
-.5 p=1.3 JAx=1.25 =——p Determine Tors. Irreg., p, Ax
= Assuming SW stiff.
B T rigid Lateralload |, . = ASD Design STR Design
= M& . distribution
s diaphragm wall length
-
lS)‘:pez7 ll > p=1.3 Ax=1.25 based on _ Shear wall |Step 3
Example Plan g experience design Page 12
p=1.3 Ax=1.25 I
< Verify Strength p=1.3 |Ax=1.25
Pase 26 SW construction Page 14
age
Step 4 | Diaphragm | p=1.0, Fpx,or - Max. demand
Page28|  Design [ p=1.3, Ax=1.25 - =
g p=1.3, p=1.0 $Ax=1.25 Imerease p=1.0 ¢ Ax=1.0
Diaphragm . .
(i.e. Diaph. or [MSFRS Forces) Step S FleI;ibiligt - Diaph./ SW Establish nominal | p;,¢ 16
Page 39, 41 y Stiffness? SW stiffness (D+E)
Diaphragm construction p=1.0 I Ax=1.25 ) Use for remyiining checks
based on max. demand Step 6 - I
(Sht’g. / nailing) Page 44 | StoryDrift = = === - p=13 ¢ Ax=1.25
Page 33 Re-distributi
. p=1.0 IAx=1.0 ' Locoral loads | - 28628
Pace 36| Chord splice . - I atera” loa®
age , e Step 7 | Verify Torsional | Taple 12.3-1
loc’s./slip o b o - -
Page 51 Irregularity .
Page 37 | I Transverse Design
. = = Flexible assumed
Max. diaphragm p=1.0 y Ax=1.0 — Diaph. Inertial
chord forces Step 8 Verify accidental Step 10 | Verify Final | pyeiiop Force
Flow Chart based on p=1.3 |Ax=1.0
. Step 12-Page 61
assumptions made. p=1.0 4 Ax=1.0 p=1.0 JAx=1.0 p=1.0 Ax=1.0
p and Ax as noted Step 9 Verify Rho Step 11 | Verify Drift and Verify Rho
Page 60| Torsional I :
SDC D, Type 1a torsional irreg. assumed Page 54 P s R -




Typical Spreadsheet

| Rigid Diaphragm Analysis :|Requires Input
“Tongitudinal Loading
Grid Line| _ kx Ky dx dy kd kd? Fv Fr Fy+FT Loads  Osw R 1 | g — |nput P, Ax
2 43.54 3 130.63 | 391.89 | 8874.0 -527.1 8346.9 0.192' Ax=| 125 |
3 43.54 3 130.63 | 391.89 | 8874.0 527.1 9401.1 0.216 |nput or calculate
A 25.14 20 502.74 | 10054.73 2028.5 2028.5 0.0807] Fy= | 17748
B 25.14 20 | 50274 | 1005473 20285 | -20285 -0.081 base shear
3 87.09 | 5027 J=[20893.23| 17748 T=Fe= 84303
Transverse Loading
Grid Line|  kx Ky dx dy kd kd* Fv Fr Fv+Fr Loads Shear wall p=1.3, Ax=1.25
2 43.54 3 130.63 | 391.89 2774 2774 L 0.006 Torsion, Ax p=1.0, Ax=1.0
3 43.54 3 130.63 | 391.89 -2774 -2774 oads -0.006 Flex/Drift p=1.0, Ax=1.25
—_—
A 25.14 20 502.74 | 10054.73 | 8874.0 1067.6 9941.6 0.396 Fx= 17748 Redundancy p=1.0, Ax=1.0
B 25.14 20 502.74 | 10054.73 | 8874.0 -1067.6 7806.4 0311 emin=
3 87.09 | 5027 J=[20893.23| 17748.0 T=Fe= 44370
Use this load combination for defining Nominal Stiffness values, Keff. Then use those Keff values for all other analyses. e - - -
“ 4 & 1 e
EXJ)eCted Dead + Seismic D+QE (other terms if "expected" gravity loads as per ASCE 41-13, equation 7-3) _p=1,0, Ax=1.0 7 i
Grid Line SW Ga Rho |V on wall v T c A, ‘ F, ‘ Crush. ‘ Shrink ‘ Sp ‘ 8¢ ‘ SRot | Ssw K (k/in)
Calculate Stiffness of Walls on A & B using Transverse loading
. A ] 37 [ 10 7308.0 | 913.5 | 6390.85 | 13769.85 |  0.154 | 556.36 | 0056 | 0019 | 0022 | 0247 | 0313 | 0581 A 25.14
Nominal wall B | | 37 | 10 [ 73080 | 9135 | 6390.85 | 13769.85 | 0.154 | 556.36 | 0056 | 0.019 | 0.022 | 0247 | 0313 |  0.581 B 25.14
-
- P”|Calculate Stiffness of Walls on 2 & 3 using Longitudinal loading 25.14
Stlffness 2] I 30 | 10 [ 70220 | 7022 [ 6391.13 | 8340.73 |  0.154 505.50 0.045 0019 | 002 | o023 | 0230 | 0484 2 43.54
3 | [ 30 | 10 [ 70220 | 7022 [ 6391.13 | 8340.73 |  0.154 505.50 0.045 0019 | 0020 | o023 | 0230 | 0484 3 43.54
V equal to revised wall force based on HD STR (design) capacity 625 Max. | Add stud / 43.54
LsonglmdmalAnalycSIS Calculate nominal stiffness /
hear Walls LC7 LC7=0.726D+pQE .
Grid Line | SW Ga Rho |V on wall v T c Ssw=F/Keff by 3-term or 4-term deﬂeCtlon
A&B AB 37 1.0 10143 | 1268 |-1229.16 | 4127.99 0.081 . -
2 2 30 1.0 27823 | 278.2 | 2202.41 | 3617.82 0.192 equatlon' K=F/s
3 3 30 1.0 31337 | 313.4 | 257230 | 3987.71 0.216 W
6sw=F/K
Shear Walls LC6 LC6=1.374D+pQE+0.2S
Grid Line SW Ga Rho V on wall v T © 6SW=F/I(’Eff
A&B AB 37 1.0 1014.3 | 126.8 |-4085.04 | 7128.71 0.081
2 2 30 1.0 27823 | 278.2 | 1477.15 | 4305.90 0.192
3 3 30 1.0 31337 | 313.4 | 1847.03 | 4675.78 0.216
ml » il L I
s T EAW T L i S
Diaphragm Deflection (STR) Rt. Cantilever
Splice Forces (Lbs.) X5_slip v unif. v conc. Ga L' w' &Diaph Unif pDiaph con Total &
F15 F23 F35 In. plf plf k/in. Ft. Ft. In. In. In.
1063.3 | 11583 | 35293 | 0.075 | 232.94 | 0.00 25.0 35.00 40.00 0.265 0.00 0.265 |
Nails Req'd=| 4.70 5.13 15.62 Te Do
Use Nails = 8 16 24 62 52
: £o S35
slip=| 0.023 | 0.012 | 0.025 o% g8
EA= 28050000, (2)2x6 R
lincludes effects of sw's along chord line 23![.34 I
w2 w1
Methotf 2A : 23353 233.53
I 2.19 219
83469  9401.1 235.72 231.34
Diaphragm Deflection (STR) Lft. Cantilever
2503 | 1930.1 | 3622.4 | 0.073 | 22911 | 0.0 | 25.0 35.00 40.00 0.259 0.00 0.259
1.11 8.54 16.03
8 16 24
0.005 | 0.021 | 0.026




Analysis Flow

Longitudinal Design

Transverse

Example Plan

I Longitudinal ,

Assumptions Made: pages

Legend

—p  Engineering judgement required
—p  SW & Diaph. Design

P Determine flexibility, Drift
=———p Determine Tors. Irreg., p, Ax

ASD Design

STR Design

« Diaphragm is rigid or semi-rigid in both directions

« Torsional irregularity Type 1a occurs in longitudinal
direction, but not transverse, Ax=1.25.

« Horizontal irregularity Type 1b does not occur in either
direction.

* No redundancy in both directions, p=1.3

Step 1

Step 2
Assuming
rigid
diaphragm

Calculate lateral

p and Ax

(seismic) force | not relevant
p=1.3 Ax=1.25
SW stiff.
Lateral load
distributi based on
is I'l'll ion wall length [ - Step3 _ .
bl_—_>_ _ _based on ol Shear wall |

i design
experience g I

v
Force Distribution to Shear Walls
Seismic- p=1.3, Ax=1.25

Page 6,7




Basic Project Information
« Structure-Occupancy B, Office, Construction Type VB-Light framing:

o Wall height=10’-Single story

o L=76’, total length

o W’=40’, width/depth

o L'=3%5’, cantilever length (max.)

o 6’ corridor width

* Roof DL (seismic)= 35.0 psf including wall/ partitions
« Wall DL = 13.0 psf (in-plane)
 Roof snow load = 25 psf > required roof LL=20 psf

» Roof (lateral)= roof + wall H/2 plus parapet



Lateral Load Calculations-Seismic

Calculate Seismic Forces -ASCE 7-16 Section 12.8 Equivalent Lateral Force
Procedure, F,

* Risk category I

* Importance factor, le = 1.0

Using USGS Seismic Design Map-Tool, 2015 NEHRP, 2016 ASCE 7-16:
o Location-Tacoma, Washington
o Site class D-stiff soil
o Ss=1.3559g,S1=0.468¢g
o Sps =1.084 g, Sp1=0.571¢g

o Seismic Design Category (SDC) =D

ASCE 7-16 Table 12.2-1, Bearing Wall System, A(15) light framed wood walls w/
WSP sheathing. R = 6.5, 2,=3, Cd=4, Maximum height for shear wall system=65’.



Seismic Force Calculation results:

S
C = —22 = 0.167 short period controls

%
I
Basic lateral force MSFRS

V = CsW = 0.167(35)(76)(40) = 17769 Ibs. STR
17769(0.7) = 12438 Ibs. ASD

Rigid Diaphragm Analysis- p=1.3, Ax=1.25
Initial wall stiffness will be based on wall length.

The final wall Nominal stiffness’s are used for all final analysis
checks.

RDA Equations
kd
T = V(e)(Ax)(p) ft. Ibs. = S ka2 Foy = Fy + F
k
J=) kd+kd} Fv=Frsp

12.8-2



Preliminary Shear Wall Design

SW




Analysis Flow Legend

L itudinal Desi Disbl ¢ —p  Engineering judgement required
ongituaina esign i Isplacements . .
g g Translation effected by wall — SW & Diaph. Design
o~ — Rotation stiffness =——p Determine flexibility, Drift
% =——p Determine Tors. Irreg., p, Ax
Diaphragm N N ASD Design STR Design
deflection \
\
\
\
t N
\
Example Plan Y \
*  Drift |  Lateral load \
* Torsional Irreg. L distribution ] \\
., p=1.3 Ax=1.25 based on | Shear wall Sten 3
experience design p
p=1.3  Ax=1.25
=1.3 | Ax=1.2
le———— Verify Strength p=L.3 | AX S
SW construction
_______ Max. demand
: Diaph'ragm L _________ — ax. deman
| Design |
I___.'___l I'—— _—— p=10 v Ax=1.0
| l;llapplﬁfgm | Establish nominal
‘ — _efl?:ty_ - SW stiffness (D+E)
Use for renTining checks
I
| p=1.3 Ax=1.25
v
Re-distribution

Lateral loads

Design Shear Walls

Seismic- p=1.3, Ax=1.25
Page 12



Preliminary Shear wall Design (ASD): AscE 7-16 section 2.3.6-Seismic

SW Design Checks

 Check aspect ratio, If A.R.>2:1, reduction is required per SDPWS Section 4.3.4.
A.R. =1.25:1< 3.5:1. Since the A.R. does not exceed 2:1, no reduction is required.

Vwall line

2

V
Wall shear: VswA, B = Lbs. each wall segment, vs = —22L pjf

wall

Select over-turning anchor-capacity > demand.

Max slip at capacity(T)
Strength capacity

Calculate actual anchor slip, slip =

Determine shear wall chord properties:

2x6 DF-L no. 1 framing used throughout.
E =1,700,000 psi, wall studs @ 16” o.c.

EA= 42,075,000 Ibs. at grid line A,B = (3)2x6 D.F., KD, studs @16” o.c. boundary elem.

EA= 28,050,000 Ibs. at grid line 2,3 = (2)2x6 D.F., KD, studs @16” o.c. boundary elem.

« Calculate wall deflection



« Shear Wall Deflection-calculated using:

Traditional 4 term deflection equation

SDPWS i:ombines

gvh3 ' vh ' ha,
= +0. +
Osw EAf + Gyty 0 7T5 hent oo

C4.3.2-1

Bending I Nail slip ROL elongation
Shear (Wall rotation)

SDPWS 3 term deflection equation

5 __ 8vh3 vh _  hi,
SW ™ Eap ' 10006, = Dbeff

4.3-1 Alt.

Bending Vertical elongation

 Device elongation

Apparent shear stiffness ., Ro(g elongation
* Nail slip
 Panel shear deformation

Note:
Calculate wall deflection as: &g, 45 = E

after Nominal stiffness has been established

Alternate point —,

of rotation
Discrete
hold down
8’ @
C.L]rod. beff
¢ ®
Where

v=wall unit shear (plf)
h=wall height (ft.)

beff=Wall rotation width (ft.)
b=Wall width (ft.)

Ga=apparent shear stiffness
(k/in.)

A,=Sum of vertical
displacements at
anchorage and boundary
members (in.)



Causes of Wall Rotation

* Hold downs = pre-manufactured bucket style with screw
attachments Same H.D used at all SW locations

o Manuf. table gives Allowable ASD hold down capacity and
displacement at capacity (ESR Reports)

T(Allow.Displ)
ASD Capacity

o Displacement at hold down =

o Min. wood attachment thickness = 3” per table

 Sill plate shrinkage:

Dimensional change = 0.0025 inches per inch of cross-sectional dimension for
every 1 percent change in MC.

Shrinkage = (0.0025)(D)(Starting MC - End MC)

Where: D is the dimension of the member in the direction under
consideration, in this case the thickness of a wall plate.



Sill plate crushing:
F., values in AWC 2018 NDS section 4.2.6 are based
on 0.04” deformation/crushing limit for a steel plate
bearing on wood.

Adjustment factor = 1.75 for parallel to
perpendicular grain wood to wood contact.

Boundary values for bearing perpendicular to grain
stresses and crushing-D.F.

F,1002 = 0.73F. = 0.73(625) = 456.3 psi

Fclo04 = F,| =625 psi

When f.| < F j402"

P
Acrush 0. 02( L >

clo.oz2

When F 402" < fe1=< Fclo.04"

1- CJ. _
A =0.04—0.02 | —cloos
crush . . 027

When ch_ > FcJ_O.04"
f 3
Agrusi= 0. 04( el )

Fcl0.04
If ch_ _ (

fcl
456.3

<456.3 psi, Crushin 0.02
chord) p 8= (

)(1.75) N

Tension Side

If cont. tie rod

sSw boundary Elements C
A=24.75 in2

Crushing // to 1 grain

Factor =1.75 \\

Compression Side

Sill pIate \




Shear Wall Rotation
Proposed nomenclature of next edition of SDPWS
hA,

Current term =

b

Slip calculated
at anchor

Slip translated
to end of wall

| I
l 03337

0.3337 |/

Ag eff‘ Aq

I
!
/
!

Wall rotation:

I-Io Hold down slip/elongation

jo Sole plate shrinkage

o Sole plate crushing

Must use same
reference point
for dimensions

Page 21

| Alter
i? beff = 7,312 ©Of rotation |
o
¢ b= 8’- C.L. brg | IC.L. brg.
beff = 7.5’ :
; b=§’ ;

Alternate point

of rotation |
Discrete :
hold down |
89
C.Ljrod. beff CL
Alt. beff brg
t
hA hlg e
SWiot = @? or SWio = Tff

Where
h=wall height (ft.)

beff =Wall rotation arm (ft.)

b=Wall width (ft.)

Aq erp=Sum of vertical displacements
at anchorage (in.)

A,=Sum of vertical displacements at
tension edge of wall

A,= 0.25”

0.25(8) .
Aa eff= T =0.267

10(0.25) )
SWr,,t = ? =0.333

10(0.267) )
SWior = ——— = 0.333



Load Combinations (ASD):

LC8 =1.152D +0.7pQe
LC9 =1.114D + 0.525pQe + 0.75S
LC10 = 0.448D+0.7pQe

Full dead loads shown, 1.0D

1836D  2295D
——— o —- | 7.687
308 4 T D.ays 7.375° 0.063°
—Hdr_ ——= Wall D, §
L=12° L=15' [05] 38 ID'.s.slr 0.188'
(3216 HCL-1.5"
. 3248D PR Hrh] Hdr
J Discrete
AR=1.25:1] hakd down
8 8
€.L| rod. -
0 312 @ GLA&E ':-‘1 Brg.

Adding Gravity Loads to SW’s

Can have a significant
impact on horizontal
shear wall deflections
and stiffness.

Results in wall stiffness

(K = F/d) relationships

which are non-linear with

the horizontal loading
applied.

Shear Walls Along Grid Lines A and B
Design Dimensions

IS8D 158 D
7022 9.78° L
. hdr. | | Har. *g 4.625 * s878 |
31=0,25"
2)2%6 s wallD, S
(s(uds 100 T_Jo(l 1.5" 1 %"=0.125"
10 Hdy dr
3
AR=1d Discrete (
N“"" down
10 q ,
C.L{rod. 'L ‘
% os@cL2&3 NP8

Shear Walls Along Grid Lines 2 and 3
Design Dimensions




Longitudinal Direction, e=4.75’, T = 76806.5 ft. Ibs.

Based on initial Relative Wall Stiffness’s, ASD, p=1.3, Ax=1.25 —by walll lengths

SW Ky Kx Dx Dy Kd Kd? Fv Fr Total
Line k/in | k/in Ft. Ft. Lbs. Lbs. Lbs.
A |- 16 | - 20 320 6400 0 1842.4 | 1842.4
B |- 16 | - 20 320 6400 0 -1842.4 | -1842.4
2 30 | - 3 | e 90 270 8084.9 | -518.2 | 7566.7
3 30 | - 3 | - 90 270 8084.9 | 518.2 | 8603.1
TKy=60 ZKx=32 J=16169.8
Transverse Direction, e=2.5’, T = 40424.5 ft. Ibs.
SW Ky Kx Dx Dy Kd | Kd? Fv Fr Total
Line k/in k/in Ft. Ft. Lbs. Lbs. Lbs.
A | e 16 | - 20 320 6400 | 8084.9 969.7 | 9054.6
B | --m 16 | -m---mm- 20 320 6400 | 8084.9 | -969.7 | 7115.2
2 30 | - . R R 90 270 0 -272.7 | -272.7
3 30 | - 3 |- 90 270 0 272.7 272.7
TKy=60 IKx=32 J=16169.8

Page 14

Corridor Walls at Grid

Corridor Walls at Grid

lines A & B

Walls

lines A & B

Walls



Preliminary Shear Wall Design-Distribution based on wall lengths

ASD Load Combination: LC10 = 0.448D+0.7pQE

=1.3, Ax=1.25
P 823D 1028 D 71D 71D
451 2 _2868 |
_Hdr. Hdr._ __Hdr._ [Har.
L=12’ L=15’ (2)2x6
—(3)2x6 studs e
10’ 1455D studs 10’
vsw= 565.9 plf l vsw= 286.8 plf A.R.=1:1
Discrete A.R.=1.25:1
Hold <i ) ‘
downs g 12 gh 10° ‘un;
E Tg) ~ <
10y o 0 3
< N~ N ™

Shear Walls Along Grid Lines 2 and 3

Shear Walls Along Grid Lines A and B
Longitudinal Loading

Transverse Loading



Calculated results by wall length
VswaB = 565.9 plf
Vsw2,3 = 286.8 plf

Shear Wall Capacity-Wood Based Panels

Blocked
Table 4.3A Nominal Unit Shear Capacities for Wood-Framed Shear Walls

Wood Based Panels?

Y
Falgtlcre?\:T Fastener A B
. .. . | Type & Size Seismic Wind
Sheathing [Minimum [Penetration Nail Panel Edge Fastener
i i In Framin ing (in. .
Material Ns::::lal in Frami ogr (common o Panel Edge Fastener Spacing (in.) Spacing (in.)
. Blockine |G2lvanized 6 4 3 2 6 4 3 2
11u€kness cking box) (plf) (pIf) (plf) (plf)
(in.) (in.) (Kips/in.) | (kips/in.) | (kips/in.) [(kips/in.) [P | (PI) | (pIf) |(pIf)
45 Vs Ga |[Vs Ga |Vs Ga |Vs Ga |[Vw | Vw | Vw | Vw
Wood ™ OSB PLY| 0OsB PLY OSB PLY| o0sB PLY
Structural 15/32 1-3/8 8d 520 13 10|76019 13|980 2515|1280 39 20}730| 1065]|1370|1790
Panels- 15/32 620 22 14|920 30 17|1200 3719|1540 52 23870 | 1290 |1680| 2155
Sheathing 19/32 1-1/2 10d 680 19 13|1020 26 1f1330 33181740 48 28|950 | 1430 |1860 | 2435

Increasing stiffness to account for drift, torsion, etc. requires engineering judgement.

SWaB: Use 15/32” OSB w/ 10d@3” o.c., vs= (1200)/2 = 600 plf, Ga=37
SW2,3: Use 15/32” OSB w/ 10d@4” o.c., vs= (920)/2 = 460 plf, Ga=30

Maximum tension force, T= 4570 Ibs.- Use HD=4565 Ibs. (0.1% under-check later)
ASD, Aa=0.114" @ capacity
STR, Aa=0.154" @ capacity
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Determination of Nominal Wall Stiffness

Combining Rigid Diaphragm Analysis & shear wall deflection calculations is
problematic due to non-linearities, which can effect the distribution of loads to the shear
walls and will effect the shear wall deflections. This can lead to a different set of
stiffness values that may not be consistent.

Whenever changing:

 Load combinations

» Vertical or lateral loads,
« Direction of loading
 Redundancy, or

« Accidental torsion

Requires an lterative search for the point of convergence, which is not practical for multi-
story structures.

Sources of non-linearities:
o Hold-down slip at uplift (e.g. shrinkage gap)
o Hold-down system tension and elongation
o Compression crushing. Non-linear in NDS
o Shrinkage
o 4-term deflection equation
Since deflection is “non-linear”.... the stiffness can vary with the
loading, even when using 3-term deflection equation.
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LATERAL Load for Shear Wall Deflection & Stiffness Calculations

+ 3-term equation is a linear simplification of the 4-term equation, calibrated to match
the applied load at 1.4 ASD.

« This simplification removes the non-linear behavior of en.

« Similar approach can be used to remove non-linear effects of Aa by calculating the
wall stiffness at strength level capacity of the wall, not the applied load.

Example 3-Term vs 4-Term Shear Wall Deflection

BOCLD

<
FAL AL " =
Lower stiffness)] =@ k== ccccccccccccaccc e e m e = é{:’ el
from HD flexibility ™" ;
after uplift T Secant
_______________________________ | BT Do Teaeene Stiffness @
Capacity
— 3.Term (1.4 ASD)

=« =4-TeErm
LRFID Limid
- = = 145D

Net uplift

0,200 0. 3040 0400 0500 0600

Shear Wall Deflection {in)

Lightly Loaded
Walls have most
non-linearity

Method allows having only one set of nominal stiffness values.



Objective:

Use a single rational vertical and lateral v

load combination to calculate deflections >

and Nominal shear wall stiffness. h

Gravity Loads:
A simplification of gravity loads are applied similar to nonlinear
procedures in ASCE 41-13 in ASCE 41-13 Eq. 7-3.

For this Single-Story Example we used 1.0D, using p =1.0 and
Ax = 1.0. Vertical seismic loading not included. (Ev=0.2SpbsD)

For multi-story buildings, suggest 1.0D+ oL as in
ASCE 7-16 Section 16.3.2- Nonlinear analysis

Results in single vertical loading condition to use when calculating
shear wall deflections and nominal shear wall stiffnesses.

d
=

|

Proposing: T
1. Stiffness calculated using 3-term eq. and LC 1.0D+Qe, with p=1.0

| te
and Ax=1.0.

2. Use stiffness calculated at 100% Maximum Seismic Design Capacity of the Wall for all
Load Combinations and Drift Checks from RDA using 3 term equation.

3. Use nominal stiffness for all other analysis checks, calculating wall deflection,

F
Ssw = =

4. Maximum wall capacity =max. allow. Shear (nailing) or HD capacity whichever is less.



Nominal Shear Wall Stiffness’s (STR) p=1.0, Ax=1.0
Load Combination: 1.0D + Qe

GridLine| Ga |Vonwalll v T C Agq | F,_ |cCrush.|Shrink| 8p 8s SRot| Ssw
Calculate Stiffness of Walls on A & B using LRED Capacity
A 37 |' 7308.0 \ 913.5 ,’ 6391 : 13770 | 0.154 | 556.36| 0.056 | 0.019 | 0.022 | 0.247 | 0.313 | 0.581
B 37 ' 7308.0 | 913.5 I| 6391 |1 13770 | 0.154 | 556.36 | 0.056 | 0.019 | 0.022 | 0.247 | 0.313 | 0.581

Calculate Stiffness of Walls on #& 3 usir;g LRFD Co::\ding

2 F 30 '| 7022.0 |1 702.2 '| 6391 |! 8341 0.154 | 505.50 | 0.045 | 0.019 | 0.020 | 0.234 | 0.230 | 0.484

3 30 | 7ozg.ox, 702.2 || 6391 |, 8341 | 0.154 | 505.50 | 0.045 | 0.019 | 0.020 | 0.234 | 0.230 | 0.484
Wall Capacity based on hold down K (/i)
1836 D 2295D 158.3D 158.3 D A 2514
N - T T T Tay - = B 25.14
Vmﬂw' "2___. _\ﬁn—alv' (— — . Aver.= 25.14
_ Hdr. _ ,_Hdr. _ Hdr. | | Hdr. 2 43.54
L=12’ L=15’ 3 43.54
Aver.= 43.54
< (3)2x6 1633.1D
3248D studs Max. capacity check (STR):
10’ (2)2x6 10’
studs Sheara,s= 0.8(1200)(8)=7680 Ibs.
Shearz,3= 0.8(920)(10)=7360 Ibs.
?-R-=1-25: A.R.=1:1 H.D.aB,23=6391 Ibs.(STR),
; 8’ 2 ; 10’ 4 Aa=0.154"
™ ™
©v ©v \ Set tension force=H.D. cap. and
Shear wall Grid A and B Shear wall Grid 2 and 3 solve for allowable V at top of
Trib. =10’ Trib. = 2’ wall.
Transverse Loading Longitudinal Loading V max. AB= 7308 Ibs. controls

Nominal Strength Nominal Strength V max. 2,3= 7022 Ibs. controls
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Verification of Wall Strength (ASD)

Based on selected wall construction and Nominal Wall Stiffness

Longitudinal Direction, e=4.75’, T = 76806.5 ft. Ibs. p=1.3, Ax=1.25

SW Ky Kx Dx Dy Kd Kd? Fv Fr Total
Line k/in k/in Ft. Ft. Lbs. Lbs. Lbs.
A | - 25.14 | -------- 20 502.8 10056 0 1848.1 1848.1
B |- 25.14 | -----e-- 20 502.8 10056 0 -1848.1 | -1848.1
2 43.54 | -------- I 130.62 391.86 8084.9 | -480.1 7604.8
3 43.54 | ----e--- I 130.62 391.86 8084.9 480.1 8565.0
>Ky=87.08 TKx=50.28 J=20895.72
Transverse Direction — e=2.5’, T = 40424.5 ft. Ibs. p=1.3, Ax=1.25
SW Ky Kx Dx Dy Kd Kd? Fv Fr Total
k/in k/in Ft. Ft. Lbs. Lbs. Lbs.
A | = 25.14 | -------- 20 502.8 10056 8084.9 972.7 9057.6
------- 25.14 mmmmmmen 20 502.8 10056 8084.9 -972.7 7112.2
2 43.54 | -------- R 130.62 391.86 0 252.7 252.7
3 43.54 | -------- I 130.62 391.86 0 -252.7 -252.7
ZKy=87.08 ZKx=50.28 J=20895.72

Nominal stiffness values used
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ASD Load Combination: LC10 0.448D + 0.7pQE

p=1.3, Ax=1.25
822.5D 1028.2D 70.9D 709D
_115_2!3_&_ - "'2!_ - _2855.3 L
_Hdr. | | _Hdr._ _ Hdr._ [Hdr.
L=12’ L=15' (2)2x6
—(3)2x6 studs | 731.6D
14551 D studs ,
10° 10
l A.R.=1:1
IA.R.=1.25:/1
s| & |w 5 10° 19
N 00 o <
04 [=<] Ny ™
< ~ .
Shear wall Grid A and B Shear wall Grid 3
Shear Walls Along Grid Lines A and B Shear Walls Along Grid Lines 2 and 3
Transverse Loading- Nominal Strength Longitudinal Loading- Nominal Strength
4528.8 2855
Vs = = 566.1 plf <600 plf allowed .. o.k. Vs =— = =285.5 plf. <460 plf allowed . o.k.
T=4579.2 Ibs. = 4565 Ibs. allowed, 0.3% over T =2557.1 Ibs. <4565 Ibs. allowed
~. hold down o.k. —check later .. hold down o.k.
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Questions?

This concludes Woodworks Presentation on:
Part 2-Shear Wall Design in Cantilever Diaphragm Structures

Your comments and suggestions are Ija WoodWorks
valued. They will make a difference. =

Send to: terrym@woodworks.org

R. Terry Malone, P.E., S.E.
Senior Technical Director
WoodWorks.org

Contact Information:
terrym@woodworks.org
928-775-9119

Thank You

Disclaimer:

The information in this publication, 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. This example has been developed for informational purposes only. It is not intended to serve as recommendations or as the only
method of analysis available. 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.





