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£y WoodWorks’

WOOD PRODUCTS COUNCIL

Free design and engineering
support for wood buildings

Nationwide support for the code-compliant design, engineering and
construction of non-residential and multi-family wood buildings.

¢ Allowable heights and areas/construction types

¢ Structural detailing of wood-frame and hybrid material systems
¢ Fire resistance and acoustical-rated assemblies

¢ Efficient and code-compliant lateral system design

* Alternate means of code compliance

¢ Energy-efficient detailing

¢ Application of advanced building systems and technologies

woodworks.org/project-assistance « help@woodworks.org

MULTI-RESIDENTIAL/MIXED-USE +« EDUCATION + OFFICE + COMMERCIAL + INDUSTRIAL « CIVIC « INSTITUTIONAL



“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 AIA 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 AIA 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.
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Course Description

This seminar will focus on structural design strategies for mid-
rise wood-frame projects. As modern multi-family living
evolves to achieve greater urban density while accommodating
more amenities and long-term value, projects are growing
larger, taller and incorporating more open space with views of
the surrounding neighborhood. As the material of choice for
many of these mid-rise projects, wood framing is well suited to
accomplish these evolvinlg trends in multi-family and mid-rise
construction. However, along with a shift in the aesthetic and
Brogrammatic layout of these buildings has come a need to

etter frame the spaces and that onus is on the structural
engineers. In addition, more and more of a building’s fire and
life safety design considerations are becoming a joint effort
with architect and engineer.

This half-day seminar will address a number of topics that
structural engineers will need to understand in order to cost
effectively design and detail mid-rise and mid-rise over podium
projects.



Section 1: Mid-Rise Fire and Life Safety
Section 2: Structural Impacts of Mid-Rise

Section 3: Lateral Design of Wood-over-Podium
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Photo credit: Matt Todd & PB"Architects

Wood Mid-Rise Construction



Marselle Condos, Seattle, WA
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Photo credit: Matt Todd & PB Architects
6 stories for Offices, 5 stories for Residential

+ Mezzanine + Multi-Story Podium



Mid-Rise vs. High-Rise Definition — IBC 202
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IBC 202: High-Rise Building: A building with an occupied floor

located more than 75 feet above the lowest level of fire
department vehicle access.



Walk-up/ Tuck Under

First floor walk up units with private garage

Benefits:

 Eliminates need
for S-2 parking
garage

e (Can be all wood

* Least expensive
overall but lowest
densification rates
(20-30
unites/acre)




Wrap-Around

Walk up units surround parking structure

Benefits:

* Enhanced security

 Centralized access
to parking

* Visual appeal from
street

* More expensive
than walk/up tuck-
under

 5story yields 60-
80 units/acre




Podium

Multiple stories of wood over an elevated concrete
deck

Benefits:

* |Increased number
of stories

e Accommodates
Mixed-use
occupancies

* Most expensive
but can allow
increased density




Podium

4 stories of residential over podium (parking or retail)
 60-80 units/acre

Inman Park Condos, Atlanta, GA
Davis & Church




Podium

5 stories over retail
100-120 units/acre

oy e

AvalonBay Stadium, Anaheim, CA
VanDorpe Chou Associates

Inman Park Condos, Atlanta, GA
Davis & Church



Podium

5 stories over residential podium
e 120-140 units/acre

16 Powerhouse, Sacramento, CA
D&S Development
LPA Sacramento




Mezzanine & Podium

5 stories with mezzanine + residential podium

e 125-145 units/acre

120 Union, San Diego, CA
Togawa Smith Martin
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Typical Mid-rise Occupancy

Hotels (R-1) p—

Apartments (R-2)

= |

Condominiums (R-2)

Student housing (R-2) (A-2)
- -  :y: ap:mmmmmmmmm .
Live/work units (R-2) == Restaurants/cafeterias
, . ! ! (A-3) Workout facilities
Assisted living (R-4)
(A-3) Meeting rooms
=—
(B )Offices
Nursing homes (I-2)
(M) Shops

(S-2) Parking
(S-1) Storage




Evolution of Mid-Rise

Credit: WoodWorks



Evolution of Mid-Rise
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Mid-Rise Construction Types

Type 1l
e Exterior walls non-combustible (may be FRTW)
* |nterior elements any allowed by code

Type V
 All building elements are any allowed by code

Types lll and V can be subdivided to A (protected) or B
(unprotected)

Type IV (Heavy Timber)
e Exterior walls non-combustible (may be FRTW)
* |nterior elements qualify as Heavy Timber



Mid-Rise Construction Types

Construction Type
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Type V Construction

Multi-family Restaurants




Type VB Heights & Areas

Occupancy | # of Area per |Building
Stories Story Area

60 ft 18,000 SF 36,000 SF
B 3 60 ft 27,000 SF 81,000 SF
M 2 60 ft 27,000 SF 54,000 SF
R-2 3 60 ft 21,000 SF 63,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude potential
frontage increase

1-story retail and restaurants
il 2 to 3-story residential/office
No fire resistance ratings required*




Type VA Heights & Areas

Occupancy | # of Area per |Building
Stories Story Area

70 ft 34,500 SF 103,500 SF

B 4 70 ft 54,000 SF 162,000 SF
M L 70 ft 42,000 SF 126,000 SF
R-2 4 70 ft 36,000 SF 108,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude potential
frontage increase

3 to 4-story residential/office

1-hour fire resistance rating required for most
building elements



Type Il Construction

Multi-family K-12/Higher Ed
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Type IlIB Construction

Occupancy | # of Area per |Building
Stories Story Area

75 ft 28,500 SF 85,500 SF
B 4 75 ft 57,000 SF 171,000 SF
M 3 75 ft 37,500 SF 112,500 SF
R-2 5 75 ft 48,000 SF 144,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude potential
frontage increase

4-story office / 5-story residential

2-hour fire resistance rating required for
exterior bearing walls only (non combustible
Credit: Lever Architecture or FRT construction)




Type IlIA Construction

Occupancy | # of Area per |Building
Stories Story Area

85 ft 42,000 SF 126,000 SF

B 6 85 ft 85,500 SF 256,500 SF
M 5 85 ft 55,500 SF 166,500 SF
R-2 5 85 ft 72,000 SF 216,000 SF

Stories/Heights/Areas include allowable increases for sprinklers, but exclude potential
frontage increase

5-story residential / 6-story office
2-hour rating for exterior bearing walls
Credit: Christian Columbres 1-hour rating for other building elements



Type IV Construction

Mixed-Use
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Type IV Construction

Occupancy | # of Area per |Building
Stories Story Area

85 ft 45,000 SF 135,000 SF

6 85 ft 108,000 SF 324,000 SF

5 85 ft 61,500 SF 184,500 SF

R-2 5 85 ft 61,500 SF 184,500 SF
?rt(;)r:i;sg/eHiiicgret:i:reas include allowable increases for sprinklers, but exclude potential

5-story residential / 6-story office
2-hour rating for exterior bearing walls
Credit: Jonn Staments Interior elements must qualify as Heavy Timber




IBC Podium Provisions

[Residental Residemia
Residontal| | Rosgontal|
Rosiconia | |Rosgansal]
‘Residenn{ ledemlal_ Sy
Residential Residential

5 story Type lll Building

3Hr

Type IA

—s
S

Special Provisions for Podiums in IBC 2012 510.2
Increases allowable stories... not allowable building height

e
sl

Tresconta ] [Resdental
Rosconta| | Rovdonta

Parking, Retail, Office |

1

klebbh

5 story Type lll Building
On Top of a Type IA Podium



Evolution of IBC Mixed-Use Podium

_—

Resental] | Reswental]

T L 2006 | 2009 L 2012 L 2015
[Residential | [Residental] . Section 509.2 509.2 510.2 510.2
Residential Upper A,B,M,RorS
— 3Hr
Residential | | Residential| Occupancy
| Parking, Retail, Office | Lower S-2 A, B, M, RorS-2 Any Except
[ S Occupancy  Parking Parking H
: W
N Podium 1 Story No
=~ Height Restriction

IBC Provisions for Mixed-Use podium have been evolving.

2015 IBC allows multiple podium stories above grade.




Wood Within Podium Level(s)

FRTW is permitted in non-
bearing, non-rated exterior
walls in types | & Il (IBC 603.1)

Thermal/building envelope
benefits, as well as consistent
exterior wall detailing

2X6 WOOD STUDS W/ R-21 BATT INSULATION 2X6 MTL STUDS W/ R-21 BATT INSULATION

Credit: WoodWorks
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Wood Within Podium Level(s)

nnnnn

2021 IBC allows stairs
below the podium to be
framed with wood if

| ' - building above podium is
- typelll, IVorV

'
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Credit: WoodWorks



Sloped Sites

HEIGHT, BUILDING. The vertical distance from
grade plane to the average height of the
highest roof surface.

GRADE PLANE. A reference plane
representing the average of finished ground
level adjoining the building at exterior walls.
Where the finished ground level slopes away
from the exterior walls, the reference plane
shall be established by the lowest points
within the area between the building and the
lot line or, where the /ot line is more than 6 e —

feet (1829 mm) from the building, between Matt Church - Davis Church Structural Engineers
the building and a point 6 feet (1829 mm)

from the building.




Basements

IBC 506.4 & 506.5: A single basement is not included in the total
allowable building area if it doesn’t exceed the area permitted for
a building with no more than one story above grade plane.

Basement is defined as that where
the finished surface of the floor
next above is:

* Less than 6 feet above grade

plane or
e Less than 12 feet above the

finished ground level at any point 2 .

Fashion Valley, CA
AvalonBay Communities
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Building Configuration Options

Many buildings
utilize a higher
construction type
than necessary
due to traditional

practice. This can
have an impact on
fire ratings,
materials and
ultimately cost.




Building Configuration Options

Mixed-use occupancies on
15t floor of residential
buildings often require
longer spans for open areas
(parking, retail, assembly).
Structurally, this may require
steel or concrete framing.
This doesn’t mean that it has
to be a Type IA podium, can
use these materials in any
construction type (IBC
602.1.1)
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Parking Under Mid-Rise

Parking beneath group R
Single story above grade, S-2 parking:
* Type | (enclosed or open) or
Type IV (open)
Group R occupancy above
# of stories measured from floor
above parking |
Floor separating parking & group R:

e Same construction type as

parking hourly rating per Table
508.4 and/or 601

Credit: WoodWorks



Building Configuration Options

Example:

5 story building

15t floor: parking

2Md-5t floors residential
Options:

4-story, type VA over 1 story type IA (podium provision — IBC 510.2)

4 Stories of type VA over 1 story type IV (open) or type | (IBC 510.4) no “"podium’
req’d

5 stories of type lll (enclosed parking only) sep. or non-sep. occupancies

Image Credit: Stratos

)



Building Configuration Options

Example:

7 story building

(6 above grade)
Basement: parking
1st-6th floors: residential
Options:

5-story, type lll over 1 story type IA (podium provision —IBC 510.2)

4-story, type VA over 2 story podium (podium provision 2015 IBC 510.2)
6-story type IlIA (IBC 510.5 — requires 3000 ft2 max areas & other limitations)

Image credit: Mahlum



Building Configuration Options

SR

Gyt ==

Example:

5 story hotel .
15t floor: lobby, restaurant, fitness center, conference rooms, residential
2nd-5th floors residential

Option 1:

4-story, type VA over 1 story type IA (podium provision — IBC 510.2)
Mixed-use on 15t floor handled with separated/non-separated occupancies

considering that floor only




Building Configuration Options

Example:

5 story hotel
15t floor: lobby, restaurant, fltness center, conference rooms, residential
2nd-5th floors residential

Option 2:

5-story, type lll (with or without firewalls for area limitations)

Mixed-use on 15t floor handled with separated/non-separated occupancies
considering all floors




Building Configuration Options

Example:
T- and L-shaped buildings — common

in hotels, often with large floor
areas



Building Configuration Options

Building 1
These building configurations

may lend themselves well to use
of firewalls at building
Firewall intersections.
Minimize length/impact of
/ firewall while maximizing
allowable building area

may allow lower construction
type (i.e. type llIB instead of IlIA)

Building 2

Building 3



Mixed Use Occupancy — Design Aid

Located at woodworks.org — Design aid for mixed use occupancy calculator
(Heights & Areas Calculator) Based on 2012 IBC
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WoodWorks/AWC H&A Calculator App - Free

all ATAT M-Cell = 12:40 PM

=
2

Q. heights and areas calculator

m Heights and
fm Areas Calculatr:-r OPEN

U Calcula rIBC Section
& e @ i
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Balconies — IBC 1406.3

Balconies of combustible construction and not FRT
shall be:

e Rated in accordance w/ Table 601 for floors

 Orbe of Type IV
* And shall not exceed 50% of bldg perimeter

Exceptions

* Balconies in Type lll, IV and V can be of type V
const and shall not have fire resistance rating if
sprinkler protection provided

 Untreated wood is permitted for rails and
guardrails



Balconies — IBC 1406.3

So....

For Type Ill or V balcony options are:

Non-combustible — no sprinklers/no fire rating

FRT — no fire sprinklers/no fire rating

Type IV—no fire sprinklers/no fire rating

Non treated — fire sprinkler/no fire rating

Non treated — fire rated per 601 & 602/ no sprinkler




Balconies — Exterior Wall Penetration

Exterior veneer

v O W
A
Y

2

Floor sheathing

Caulking, sealants
vapor barriers, and
flashing not shown
for clarity

7
Cantilever beam l%

——

\ \
Top flange Joist
% hanger approved to

Cantilever knife
f
plate support ///% span 2 layers GWB

7




Let’s Take a Break




Let’s Talk Structure




Structure and Fire & Life Safety

Credit: Greg Folkins

Can’t Live in Separate Bubbles




Structure and Fire & Life Safety

In any project, but particularly wood-frame mid-rise
construction, efficiency in structural framing layout, assembly
selection and detailing must also account for “architectural”

requirements such as:

* Fire-resistance ratings
* Acoustics
* Materials permitted (construction

type)

In other words, you’re not just an
engineer anymore

Credit: Brett D -.J'
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Exterior Wall — Bearing vs. Non Bearing

Non loading-bearing exterior walls may have lower fire
resistance rating requirements than bearing walls in certain
situations. IBC Chapter 2 defines load bearing walls as:

[BS] WALL, LOAD-BEARING. Any wall meeting either
of the following classifications:

1. Any metal or wood stud wall that supports more than
100 pounds per linear foot (1459 N/m) of vertical load

1 addition to its own weight.

[BS] WALL, NONLOAD-BEARING. Any wall that is not
a load-bearing wall.



Exterior Wall — Bearing vs. Non Bearing

Why is this important? Fire-Resistance Ratings and $

Fire Rating of Structural Elements

IBC Table 601

= Extenor bearing walls thowrs!

* |ntarior baaring walls ffrours) 1 0 1 0 1 aQ
* All other elaments (hours) 1 0 1 0 HT a

iBL Table 602
1

o ¥ < 10 faat 1 1
= 101t < X < 30 feat 1 0
= X = 30 feat HT d
Credit: WoodWorks
Type lll:

Exterior Bearing Wall = 2-hours
Exterior non-Bearing Wall = varies but often 0-hours




Exterior Walls — Bearing vs. Non-Bearing

If framing parallel to long exterior walls is possible, minimizes
area of load bearing exterior walls




Exterior Walls — Vertical Offsets

There is no requirement for an exterior wall to

extend to the foundation in a stepped building.

rated exterior wall

less than the rating JITITINIITITITIC
Same rating

Wjﬁ
Posts, beams or Aoaaaa
must be fire —
of the supported /- Eertorwal
as wall above

Exterior wall
walls, that support a f ereriE
resistance rated not

wall (|BC 704.1 ) No less than

(e

| | q
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Type lll Exterior Walls — FRT

Type lll Construction - IBC Section 602.3:
Fire-retardant-treated wood framing complying with
Section 2303.2 shall be permitted within exterior wall
assemblies of a 2-hour rating or less

What does this FRTW requirement include?
 Wall Framing (Studs & Plates) — Yes
 Headers—Yes

* Wall Sheathing — Yes
* Floor sheathing - ?

* RimJoist-?

* Floor Joists- ?

Credit: WoodWorks



Type Il Exterior Walls — FRT

Long Span Headers in Type llI

When a multi-ply 2x is inadequate due to load and span,
what are the options?

 FRT EWP availability?
* Non-FRT wood options?
e Non-combustible materials?

Credit: WoodWorks



Exterior Walls — Intersecting Floors

Credit: WoodWorks

~Y

Does the floor framing & sheathing that extends into the
exterior wall need to FRT?




Exterior Walls — Intersecting Floors

AWC'’s DCA3 provides
floor to wall
intersection detailing
options

Addresses both
continuity provisions
and requirements for
FRT elements in
exterior wall plane

Design for

Credit: AWC

Code Acceptance  EJIHIL

Fire-Resistance-Rated Wood-Frame
Wall and Floor/Ceiling Assemblies

Bullding Code Requirements

Fur covupangies such aa slores, spartments, offic-
gn, and afher ¢ommeroial and induenal pscs, heldeg
cinlen cymmonly mequie Peorpeiling and wall gasce-
Bhes 1o be Tig-roustancs feled 0 socondance wilh
wlandard e fests. This documenl o inkeaded B aud
the design of vanous wood-Trame walls and e
Trame [ 'ceihng swaemhlios, where wuch dacmblics
afg foduetd by codde 1o be Bic-resniange-ralod

Dependmg on the application, wall ssemblies
muy need e firesresstanccorated for expoaure from
gither voe mde or beth sides. Extenor walls are ne-
quired %0 be rebed for both inlereer sl exierior fire
expovars where the wall has a fine separaiion distascs
of 1 feet or less. Por eoxiiorsor walls with a fine separa-
fion distance of greater than 10 foed, the required Fre-
residtance-ralmg. applics only o exposuiv from ihe
wnderiow,. The designer should nole that some staic e
Bocal Bankdng code amendments may roquire B de-
wislance mling (o7 expossre from both sdes of exlerion
wnlli pressdics o e senarstion disissces himeser

Frg-rewistance-rabed wonsl-Fraes asscnshlics can hg
Bonsru] in @ bt of wainces incluiling the fnirenation-
af Sedldoay Code (R, Underwiiien [aberaiones
ULy Fire Reviobmwe Ddrnciony, Bieick Tolsg Sef-
e [hinmtory of Liod Presfucts, and the CGiypsum
Ascuations Fue Roidaece . Deage  Maoval (G4
Ml The Ansrican Wosd Courcil TAWE armd s
membwrs oy eslod & pumber o seomd-llame G-
resisance-raied mssrmblics (wee phoina). Descripmons
of scoessfully iested lumber wall ssemblics e pro-
withed i Talde | for onedasur firc-rosstance-rated] wall
mepmblies and Table 2 for twochour Fre-resstanoe
raied wall grembhcs Lumber shald be soreificd by the
prade mark of a lumber grading or mepoction agoney
that has ‘heen approved by o scorodilafion body fhai
ramplics wish the Awericaw Soffuocd Lmsber Samdird
178 2. The finc-resistancg-relod ssseenblios describod
in this docermant. @ will @s thoar latogd mother soues
s mol spocses- of grade-spevilie mics speritivally
Bk i warh




Exterior Walls — Intersecting Floors

: ' ' Credit: AWC
Two-hour fire-resisiance-rated axtarnor wall ’ 4
assambly, rated for exposure from intenor side
(and from exienor side as required by IBC T05.5)
-
FRTW wall framing (studs, plates, blocking, sic. )
Lintreated wood rim board, designad to suppornt { —
full wall load (with a minimwm thickness of 1"/ '
if wall i required o be rated from extenor per [
IBC 705.5) ?
s . One-hour
Untreated wiood blocking with minimum thicknesa Untreated wood of athar _ fire-rasistance-rated
of 14" (Case A), 1%," (Case B) or 14" (Case C). approved material to fil gap . o— floor / ceiling assembly
Blocking must ba designed to supgport full wall ! between blocking and joist I made with untnsated
load H wall is required to be rated from extarior web (if I-joists are used) framing members and
per IBC 705.5. . flocr sheathing
FRTW wall framing (studs, plates, blocking, elc.) — \ -
" \ Cailing mambrane (&8s requined for one-hour floor assembly )
FRTW sheathing (as required) 1'! s« Case A Two layers of min %y Type X GWE or
g Q equivalent (used in conjunction with min 17" blocking)
Exlerior fire prolaction (as required 1o achieve - b. 4 « Casa B: Two layess of min ;" Type X GWB or
fire-resistance rating per IBC 705.5) b | equivalent (used in conjunction with min 1%," blocking)
D 4 # Case C: One layer of min %" Type X or Type C GWB
Two=how! ffe-resslance-rated exlerion wall il (used in conjunction with min 15" blocking and min 15"

%

2.5 pef (nominal) minaral wool batt insulation resling on
furtireg oF readiant channals)

assembly, raled for exposure from interior side
{and from exienor side as required by |IBC T05.5)

T

o

Figure 1A: Example detail for Type lll-A exterior wall-floor intersection with rim board and blocking




Exterior Walls — Intersecting Floors

[ .-ﬂif HTI Credit: AWC
Two-hour fire-resisiance-rated axternor wall ot
=

assambly, rated for exposure from intenor side

Methodology:
Fire-resistance for exposure from interior side:

» Case A: Mimmum |'/i-inch-thick inner im board plus two layers of minimum "/, in. Type X GWB in the
ceiling membrane provides 2 hours of protection to the outer nm board, based on the NDS-calculated time for
the char depth to reach the inner rim board / outer rim board interface plus 40 minutes for cach laver of */y in,
Type X GWB (per IBC Table 722.6.2(1)).

o Case B: Minimum 1"/ -inch-thick inner rim board plus two fayvers of minimum '/: in. Type X GWB in the
ceiling membrane provides 2 hours of protection to the outer nm board, based on the NDS-calculated time for
the char depth to reach the wner rim board / outer rim board interface plus 25 minutes for each layer of '/; .
Type X GWB (per IBC Table 722.6.2(1)).

o Case C: Minimum 1%/s-inch-thick inner rim board plus one layer of minimum /s in. Type X GWB in the ceil-
ing membrane plus minimum |'/:-inch-thick, 2.5 pef (nominal) mineral wool batt insulation provides 2 hours
of protection to the outer rim board, based on the NDS-calculated 1ime for the char depth to reach the mner
rim board / outer rim board interface, plus 40 minutes for the */s in. Type X GWB (per IBC Table T22.6.2(1)),
plus 15 minutes for the mineral wool insulation.

The outer rim board must be designed to support the load from the wall above.

Fire-resistance for exposure from extenior side (where required per IBC Section 705.5): A combination of exterior fire
protection, FRTW sheathing. and mimimum 1"/ s-inch-thick outer nm board is used to provide two hours of
protection 1o the mner nm board. Lavers 1o the exterior of the outer nm board (e.g.. extenor fire protection,
FRTW sheathing. etc.) must be sufficient to provide at least 80 minutes of protection to the outer nm board.
The inner rim board must be designed to support the load from the wall above,

— ETT TTOATT ERTETTOY S0 g TEquT e Oy T T O] T et | TR S O SRR e

F

Figure 1A: Example detail for Type lll-A exterior wall-floor intersection with rim board and blocking




Type Il Exterior Walls — FRT

Structural Impacts of using FRTW




FRT Wood Design Values

NDS 2.3.4: Adjusted design
values, including adjusted
connection design values, for
lumber and structural glued
laminated timber pressure-
treated with fire retardant
chemicals shall be obtained
from the company providing
the treatment and redrying
service.

NDS"

MO SO40M e
< amofy

20 S EDITION




FRT Wood Design Values

FRT manufacturers provide reduction values in

literature, ICC ESR’s, etc.

Example FRT manufacturer’s ESR reduction values:

TABLE 2—DESIGN VALUE ADJUSTMENT FACTORS FOR PYRO-GUARD® TREATED LUMBER

PROPERTY PYRO-GUARD® WALL/FLOOR PYRO-GUARD" ROOF FRAMING,
SERVICE TEMPERATURE SERVICE TEMPERATURE TO 150° F/66"° C,
TO 100°F/38°C
Douglas fir Southern pine
B ool 5“:::1‘:“" .m Climate Zone Climate Zone
1A 1B 2 1A 1B 2

|Extreme fiber stress in bending, F 0.97 0.91 0.88 0.90 0.93 0.96 0.80 0.85 0.89
Tension parallel to grain F, 0.95 0.88 0.83 0.80 0.87 0.93 0.80 0.84 0.88
| Compression parallel to grain, F. 1.00 0.94 0.94 0.94 0.98 1.00 0.94 0.94 0.94
IHI:I'i:mt.EH shear F, 0.96 0.95 0.83 0.85 0.85 0.96 0.82 0.93 0.94
Il-'lnd'l.ﬂus of elasticity, E 0.96 0.95 0.94 0.96 0.96 0.96 0.95 0.85 0.95
Icarnpmsainn perp. to grain F. 0.95 095 0.95 0.95 0.95 0.95 0.85 0.95 0.85
IFast&nmﬂmnmctuﬂ 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90




FRT Wood Design Values

Shear wall capacity reduction typically handled by
increasing sheathing thickness

When fire-retardant-treated plywood is used in a
shear wall, the thickness must be one standard size thicker

than thal determined in the tabulated allowable shear
values contained in Section 4.3 of ANSVAWC Special
Design Provisions for Wind and Seismic (SDPWS) or as
shown in the tables referenced in Section 2306.3 of the
IBC (2306.4 of the 2009 and 2006 IBC). Thickness to be
used for FRT plywood compared lo untreated plywood
shear walls are shown below:

~ TFRT Plywood | Untreated Plywood
Thickness (inches) | Thickness {inches)
% e
e "Iy

-

18

T "'."3;-




PT Sole Plate vs FRT Continuity

In type lll construction with FRT studs, what happens where
the sole plate is in contact with concrete?

e FRTW is required
e PT wood is required

FRT contains about 10x
borate compound found in
PT (borate is water soluble)

Can specify a product
tested to do both
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Shrinkage Code Requirements

2304.3.3 Shrinkage. Wood walls and bearing
partitions shall not support more than two floors
and a roof unless an analysis satisfactory to the
building official shows that shrinkage of the wood
framing will not have adverse effects on the
structure or any plumbing, electrical or
mechanical systems, or other equipment
installed therein due to excessive shrinkage or
differential movements caused by shrinkage. The
analysis shall also show that the roof drainage
system and the foregoing systems or equipment
will not be adversely affected or, as an alternative,
such systems shall be designed to accommodate
the differential shrinkage or movements.




Shrinkage Design Considerations

Image: Schaefer



Wood Science — Moisture in Wood




Wood Science — Moisture in Wood

Water exists in wood in two
forms:

* Free Water — water in cell
cavity

e Bound Water — water bound
to cell walls

Fiber Saturation Point (FSP):

e Point at which cell walls are
completely saturated but
cell cavities are empty (i.e.

Saz T vl pired DEFUEr malBHaD

no free water but still has owm: A Farw oo &

all its bound water)



Wood Science - Shrinkage

When does wood shrink?

e After MC drops below FSP
— bound water is removed

Why does wood shrink?

e Loss of moisture bound to
cell wall changes thickness
of cell wall

Is shrinkage uniform across
all dimensions of a piece of
lumber?

* No...



Wood Science

Wood is orthotropic, meaning it
behaves differently in its three
orthogonal directions: Longitudinal

=)

(L), Radial (R), and Tangential (T)

{

9
* Longitudinal shrinkage is negligible \i\":’“ B o
e Can assume avg. of radial & 7 vSiage l
tangential or assume all tangential = ¢ Radal shriiage
g » — Lengihwise sheinkage
o0 -
R (Radial) 11.;‘_4_.*"' 3
- t‘"q- . 2
By Ly
e _;_ F - |
F’;%’:‘__E:E:T'_ e {Tangentia) : 2 6 0 14 18 0 2% 3
et i Image: RDH Building Science, Inc. POSTURE CONTENT-OFPWOOD! (9

L (Longitudinal)



Shrinkage Calculations

Three variables influence amount of shrinkage:
* Installed moisture content (MC)
* In-service equilibrium moisture content (EMC)

* Cumulative thickness of cross-grain wood contributing to
shrinkage

Wood species has relatively little impact since most species
used in commercial construction have similar shrinkage
properties.



Shrinkage Calculations

Initial or Installed moisture content (MC)
» Typically specified by Structural EoR
19% max MC is common

e Greenor 15% max MC
also available in select
markets

* Important to keep in
mind this is the MC
when it is
manufactured

e MC at time of finish
install can be much
higher or lower




In-Service Moisture Content

Shrinkage will continue to occur linearly until the wood’s equilibrium

moisture content (EMC) has been reached.

EMC is the point at which the wood is neither gaining nor losing moisture.
However, this is a dynamic equilibrium as it is a function of temperature

and relative humidity

USDA FPL “Wood Handbook”

&% average

WWPA Technical Report 10

istu t
/_MolEture Conten . Table 1. Average Outdoor and
' Indoor EMU
ATt brrage
lasatemn (i chosar Incdimer
BN (e ENC % b
Lox Angeles, CA i 9
San Diego, CA ix {1}
Toentynine Palms, CA i f
moisture contesd San Francisco Bay Area L 9
S falley (Cap i =
Figure 13-1. Recommended average moisture con- '-'i.u.rlrm:-nm Vel '::' \
tent for interior use of wood products in various M. Coasi Red. (CA) id u
areas of the United States. ierrn Mevada (A i T
i =

San Joaquin Valkey (CA)

-



Shrinkage Calculations — Cross Grain Wood

Shrinkage occurs in cross-grain,

but not longitudinal, wood
dimensions

Primarily in horizontal
members

Wall plates

Floor/rim joists

Engineering judgement
required when determining

what to include in shrinkage
zone

Should Sheathing, I-Joists,
Trusses, other products

manufactured with low MC
be included?

FIGURE 5:

Shrinkage zone in platform-framed detail

Zone of
dimensional
stability

Zone of
movement

Zona of
dimensional
stability

Stud
Haight

e 1334
|

Stud
Haight




Shrinkage Calculations — Cross Grain Wood

In parallel chord
trusses, only chords
contribute to
shrinkage, vertical and
diagonal webs don’t




Shrinkage Calculations — Running the Numbers

Simplified Method:

S =0.0025 in / inch of cross grain wood / % MC

change

Example: 13.75” shrinkage zone
Installed MC = 19%

EMC=12%

S =(0.0025)(13.75”)(12-19) = -0.24”

(note: Negative value due to loss
in cross section)

FIGURE 5:
Shrinkage zone in platform-framed detail

dimensional

movement ,‘I o

Zone of
dimensional
stability

3%

Stud
Height




Minimizing Shrinkage

Recalling the three variables that influence amount of shrinkage:

 |nstalled moisture content SMC!

* In-service equilibrium moisture content (EMC)

e Cumulative thickness of cross—grain wood contributing to shrinkage

As designers, we can impact 2 of these 3 variables

Our specifications and details, hand in hand with on-site protection
measures and proper installation, can greatly minimize the magnitude
and effects of shrinkage



Minimizing Shrinkage — Detailing

. STUD WALL, SEE
SCHEDULE (TYP)
2x SILL PLATE
FLOOR SHEATHING
L —
2x BLOCKING
|
2x JOISTS S ( \
SHRINKAGE ZONE: (2) 2x TOP PLATE WALL SHEATHING,
2x SILL PLATE AS REQUIRED
2x12 FLOOR JOIST \ FLOOR TRUSS
(2) 2x TOP PLATE —gHg{l'[‘lréSETEONEI TOP FLANGE
n X
15 3/4" TOTAL (2) 21 TOP PLATE HANGER
41/2" TOTAL

Images: Schaefer



Minimizing Shrinkage — Detailing

Platform Detail:
15.75” Shrinkage Zone
19% MC Initial

12% EMC

S = (0.0025)(15.75”)(12-19) =
0.28”

5-story building: 1.4” total

Semi-Balloon Detail:
4.5” Shrinkage Zone
19% MC Initial

12% EMC

S = (0.0025)(4.5”)(12-19) = 0.08”

5-story building: 0.4” total



Minimizing Shrinkage - Detailing

Semi-balloon framing:

* |Incorporates floor framing hanging
from top plates

* Floor framing/rim joist doesn’t
contribute to shrinkage

Non-standard stud lengths and
increased hardware requirements
should be considered




Minimizing Shrinkage — Detailing

The same concepts apply to post & beam wood-frame structures

Photo: Alex Schreyer Photo: Marcus Kauffman



Minimizing Shrinkage — Detailing

Photos: StructureCraft



Differential Movement

Need to consider differential movement between wood frame elements
and other materials that...

e Expand due to moisture or thermal changes

* Do not change with moisture but do change with thermal fluctuations

e Shrink much less than wood




Differential Movement

Wood Framing & Veneer: |

* Veneer Type Transitions

* Openings (Sill, Head, Jambs) Wood
framing
shrinks

Cap flashin
becomes ¢
displaced

Masonry
veener
expands due
to increase
in moisture

content Image: RDH Building

W . Science




Differential Movement — Veneer Transition

FIBER CEMENT SIDING, SEE ARCH

SEALANT & BACKER
ROD, SEE ARCH

NOTE: SIZE OF CAULK JOINT

SHALL BE TWICE THE
ANTICIPATED DIFFERENTIAL
MOVEMENT BETWEEN THE
VENEER AND WOOD STRUCTURE 2% STUD
- X
L
] EXTERIOR WALL
MASONRY SILL | L SHEATHING

MASONRY VENEER,
SEE ARCH el
\

WEATHER RESISTANT
BARRIER & FLASHING, s
SEE ARCH

RN NN NN NN AN NN AN NN AN AN AN AN NN AN AN AN AN AN AN AN NN AN N AN AN NN AN AN AN NN AN

Image: Schaefer



Differential Movement — Veneer Opening

WINDOW, SEE ARCH

SEALANT & BACKER
ROD, SEE ARCH

NOTE: SIZE OF CAULK

JOINT SHALL BE TWICE THE
ANTICIPATED

DIFFERENTIAL MOVEMENT —
BETWEEN THE VENEER  —

AND WOOD STRUCTURE — j

SILL, SEE ARCH

WEATHER RESISTANT
BARRIER & FLASHING, A

SEE ARCH [
BRICK VENEM=—
SEE ARCH

EXTERIOR WALL
SHEATHING

Images: Schaefer



Differential Movement — Veneer Opening

Image: RDH Building Science

WINDOW, SEE ARCH
SEALANT & BACKER ROD
COUNTER FLASHING

PROVIDE GAP BETWEEN TOP
OF SILL FLASHING & BOTTOM
OF COUNTER FLASHING AS
NEEDED TO ACCOMMODATE
DIFFERENTIAL MOVEMENT.

PROVIDE 1/2" LAP JOINT OF
COUNTER FLASHING OVER —
SILL FLASHING 27;

SILL FLASHING
ATTACHMENT CLIPS /
FOR SILL FLASHING
WEATHER RESISTANT

BARRIER & FLASHING, ,
SEE ARCH

BRICK VENEER,

SEEARCH —

EXTERIOR WM
SHEATHING

COMPRESSIBLE FLASHING
i BACKING AS REQUIRED

2x STUD
L

Image: Schaefer



Differential Movement - MEP

MEP main runs often
start at base or top
of structure, extend
throughout height,
with horizontal tees
at each floor.

Horizontal tees often
installed in wood
stud partitions




Differential Movement - MEP

Wood framing shrinks, vertical MEP runs
remain stationary or expand with
thermal fluctuations

Differential movement should be
allowed for

Helpful to wait as late as possible after
wood framing is erected to install MEP

Note anticipated wood shrinkage at
each level on construction documents —
MEP contractor should provide methods
of accommodating




Differential Movement - MEP

* Vertically slotted holes in
studs allow differential
movement

* Verify structural adequacy
of studs

GAP REQUIRED ABOVE & BELOW
FOR DIFFERENTIAL MOVEMENT,

SEE GENERAL NOTES FOR N
ANTICIPATED SHRINKAGE OF WOOD ﬁiﬁg'?g;’ivggg%ﬂgg’
STRUCTURE. CONSULT w/ MEP OPENING ROUNDED
ENGINEER FOR ANTICIPATED
MOVEMENT OF CONDUIT OR PIPE —_ ] o
semn—t [ ) s é
N ¥ - -
\__/ Image: Louisiana-Pacific Corporation
CONDUIT OR HORIZONTAL
PLUMBINGRUN ———————— \_
2x STUD NOTE: ENGINEER SHALL
N REVIEW LOADING CONDITIONS
MAX OPENING IN BEARING ON WALL FOR ALLOWABLE
OR EXTERIOR STUD: SIZE OF PENETRATION
11/2" FOR 2x4 STUD
ELEVATION VIEW 2 1/4" FOR 2x6 STUD

Image: Schaefer



Oval cutout options for Horizontal Pipe

[T/




Differential Movement - MEP

A variety of expansion or slip joint connectors are
available — allow vertical MEP runs to move with the
wood structure




Vertical Stacks — Compensation Devices Installed




Shrinkage Resource

Code provisions, detailing
options, calculations and more
for accommodating differential
material movement in wood
structures

Free resource at woodworks.org

ﬁ;ﬁ WoodWorks

AR PRQ DTS LOURT

Accommodating Shrinkage in
Multi-Story Wood-Frame Structures
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Structural Floor Design

Common Wood
Floor Assembly:

LW Concrete Topping
Acoustical Mat

Wood Floor Sheathing
Wood Trusses/I-joists
¥ Batt Insulation
Resilient Channel
Gypsum Ceiling




Structural Floor Design - Vibration

The code is silent on floor vibration criteria &

analysis
TABLE 18054,
DEFLECTION LIMITS™ b &
COMSTRUCTION L Sorw' DaLh®
Ricscrl mroer-Eaers ®
SuEprting DR ar Ruto Cirkng L6 L L 2

Supparing ronplRsher Cailing L&l il 2t gl 1]

b S F160 y180 20
II'I:l:r mermiers LM - L2 I
XIB O N0 KT oy, §

With plasinr or siucco Snishies

- 4350 -
WiTth othar britts Triahas - L2an -
Wirih e fimines - W3

Farm puddings - — gl ]
Greanhamas -

o Fak



Structural Floor Design - Vibration

@ AMERICAN WOOD COUNCIL

Where can | find criteria for vibration
control for wood members?

o Dolan and WOoeste CavwsODES S0Me MIOMAESON Of CONrolng VDAANCe [l

n Sructra’ Engeneer maganne

o APA Technical Note called Mywmining Floor Vibraton by Design and Redroft

RO SwWww AW OOd Org SearchHesulis. esin 'gs ET104B0=1
o Wood Design Focus paper by Dolan and Xaker! caled “Overview of Proposed Wood
Floor Vitration Design Critena”™ (Vol. 5, #3)

D AWWW I0resiDred ora by  PUDICAIONS'WOOD GRSON 0O Dast Arces. phof\volumes



Structural Floor Design - Vibration

IS A "SPRING IN YOUR STEP" CAUSING PROBLEMS?

¢ = Faglipe Arcis Hﬂﬂm'ﬂnﬂ
Ariiyisg viberation is probatily the masd comman perfarmmancs comgland Tee Bght-frame waod Foors.,
Feamh i, B0, BE and Davsied Dodan, #9460 BE

e TR TR IO TaiTIORe SR e G e e

ﬁ.l!l'l-:l:,ﬂl-:J WA o (ROl T RS OOy o

Code Conar 18 MKW irtacusgiiy Fictiaital Caddi 0RG
e ki, ! TN oo rao0e 100 @ ok fny 1
SPGINGS TUry TH SNGADRT 10 QAT N Cdecib Of W A
M T [RERCT T R D Gt s O T IRT . W s

Dcpinad BTN By Th DERign prnberssianad at e 04
PO S [0 AL

f=1.57 ,J386El (Equation 1)
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Floor Design: Occupant Comfort

Vibration & Deflection Control

Multi-family floor spans in
the 24’-30’ range work

well from a layout -
perspective. Floor design
of wood members in this
span range are often

governed by vibration =
and/or deflection control, _
not structural capacity. 5w o o & W F A a0

Span (f)
Live Load Deflection Chart, Courtesy: Redbuilt

Deflection at Midspan (in.)




Floor Design: Occupant Comfort

Tools available to designers

Vibration Analysis: FP Innovations
(Spreadsheet available upon request)

werelin,
2014

e e g Tegm Laraared

NINSE AND VIBRATION CONTROL OF LIGHT FRAME WOOD
JUHST FLAMIRS TOPFED WITH CONCRETE

Lin He', Mohammad Mehammsd” and Sylvain Gagnen’

ARTTHACT: Lighi free woosd| jorst: floors Eanee orsdecnd] s irvvskeson. bormne off e Snghrarcipbs s Th popular
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Structural Floor Design - Vibration
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WoodWorks”

WOOD FRODUCTS COUNCIL

GALLERY & AWARDS DESEGHN & TOOLS PUBLBCATIONS & MIEDLA

SITH &l Expeert !

What methods exist for checking floor vibration of light- Project Asistance

Ot 1echinibol it e el Beo
frame wood structures? bt bl b s
eonsiruciion, o s ranging Trom
ileraratle hedghis and Sied ta
srruchus ol debgn, \SUErEl BEtems and
Tirgs of SOOLALAl-raned snseimbe s

Vibratson of light-frame weood floce
constrscicn can be a sgnificant
oocupant comfor e, Howeser,
achieving acceptable levels of floor
wibraian i mot & code requirement. Aa
such, i s poasible o design a oodke
compliant wood floor stnocture 1hat
pioduces annoying or unadceptable
lepely of vibration due to stardsnd foot
trafic

A1k sn Expert
Ok When i bloching/bracing within
weoad-frase walh requined ) What b
sonakdered adequats brading fod

A variety of factors can affect & floory waall tuth in theit weat azh?
wbration perfarmence. incnding
A Wood ituch used in Bght-Irime wa
cERFiruCtinn My reguing honbantaly
axfigntind Blocking ko & numibe’ of

¢ Presence of conomete topping of : . I
ather mmsing masleErieh _a l j l

» Thicknesustitness of Hooe - reanam—eluding biccking at shear
Puinb http://www.woodworks. org/ask—an expert/ e ool i
¢ fRiffness, dpacng and ipan of Mo

Pitdchi. SEHata ]| Block fe Puipoii
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Bearing Wall Studs: Stacking Loads

In mid-rise structures, bearing wall loads accumulate — may
result in increased stud requirements at lower levels

Example: 5 Story Building, Exterior Bearing Wall Supports 28’
Span Trusses

Roof: DL = 20 psf, SL = 40 psf
Floor: DL = 30 psf, LL = 40 psf
Wall: DL = 10 psf

Total Bearing Wall Load at
Lowest Level = 4650 plf or
6200 lbs per stud @ 16” o.c.

Need 2-2x6 studs @ 16” o.c.




Bearing Wall Studs: Stacking Loads

Options for lower level, stacked bearing wall studs:

* Specify SP or DF plates — up to 40% increase in allowable loads
—  Fc perp= 565 psi to 625psi

* Specify LSL or LVL plates — 75% increase in capacity

* Decrease stud spacing from 16" o.c. to 12” o.c. - 33% increase
in capacity

 Double studs — 100% increase in capacity

* Increase the depth of the wall — 2x6 at upper, 2x8 at lower

* Add interior bearing walls at lower levels




-y -
ﬂ"':l‘—.ﬂ W’Du d-wu rks PROIDCT ASSSTANCE UPOMIMNG EVENTS CONTACT US

WOoOD PRODUCTS COUNCIL

EDLHATION GALLI®Y & AWARDS DESKGH & TOOLS PUBLICATICHNS & MDA WHY WOOoo?

Harmss il Exper Tigs

B Tell a Friend

Can live load reduction be used on wood-frame bearing walls?

A&%CE 7-10, Spcrion 4.7 penmiiis resducrkon ol e oo
om Dertain Aruciural membsers it baree Wniiiuesnos
areas of ot least 400 5f. ASCE 710 defines infiueno
ared as KAy where K, 5 a live load elemenr factor
given in Table 4-2 and A & the member's ributary
ared. Stadies have shown that &1 3 membser
influence ares iscreases, the Hkelhood thad She
membser Wil experiencs the Tull design Ive load over
I erdire tributary ares deoresset. Deie 1o ik, A%CE 7
10 &guabkon 4.7-T can b wed {0 cHoiate & redured
urs o [ive bousd. T reduscesd e load s nod
permitied io e by then %0% of the wreduced e
load from-a snghe oo, or nod lew than 40% pf the
urredisosd e load from meafiiple floors.

When applied 1o repefitive framireg was, the
prevailing consersas B0 e ergineening ComETRINGY B that bve losd reduction B intended 1o an individus slemeani—e.q., a hesder
or engle Piud—and nat for the 1odal load on the besnrsg el syiiem 1o an example, jee this srscie]. Few Inoiyidiesl meminers in
wood-frame bearing walls will kave 30 nfuence of ot least 400 of, irdicating that [ve losd reduction wowkd not apply. However,
ghoad Thee mimimurm inflosenoe adea Tor ar ead iviolus| et within Ehe wall be reached, & redochiom may appiy. Eaticanally, may
weould conskder i1 eceisnee B0 arpame thad the bearing wiall 15 on the kevest leeel of & &- or S-sioey sood-Trame busicling vl
e 100% of the devgn |ive icad from all sippofed level simultsneously. Hovweser, ASCE T-10 only permils 8 reduction of design
iwe loadh if the 400 5 iInftuence area s feached




Bearing Wall Studs: Stacking Loads

If Type Il Exterior Walls:
Specify the FRT treatment with the lowest Fc perp reduction.
Manufacturers reduction values can vary between 5% and 13%




Bearing Wall Design

|l

When FIoor/Roof Frammg and Studs don’t Align
Design of Top Plates in Bending & Shear




Bearing Wall Design

.'.‘
o N

Does a double top plate function as a net 3” thick
member? Or two individual 1.5” thick members?




Bearing Wall Design

Shear flow equations assume rigid connections

between members.
Very difficult to justify this with common dowel

fasteners (nailed plate to plate connection)

il g P

o s e ’ r

B e~ 2
Shear flow IL _ ]

L - B

Formula: g= L;_Q (Units: N/m) |1 " e

: s |l

E_Jﬁ:FJ =

rrl“ll": Fﬂ"""f



Bearing Wall Design

* General consensus is to assume two plates act
independently. Half load goes to each (equal
deflection)

e A 2-2x6 SPF top plate with studs at 16" o.c. has a
truss reaction capacity of approximately 1,000 to
1,400 |b depending on load location




Bearing Wall Design

C3.1.3.2a Framing Member Spans. Framing member spans are limited
to 26 feet for floors based on the bending capacity of the double top
plate supporting floor framing members. The worst case assumption is
that a floor framing member bears directly between two studs creating
a concentrated load at mid-span of the top
plates. Section 3.1.3.3g required bandjoists,
blocking, or other methods to transfer roof,

wall, and/or floor loads from upper stories

to alleviate the concern of additional loads W FC M
being transferred through the floor framing WOOD FRAME CONSTRUCTION MANUAL
members into the top plate.

Credit: AWC




Bearing Wall Design

WS4-1.2 One-Hour Fire-Resistance-Rated Wood-Frame Wall Assembly
(Rated from gypsum wallboard side)

2x4 Wood Stud Wall - 100% Design Load - ASTM E 119/NFPA 251

n O\ e

Credit: AWC, DCA 3

WS6-1.8 One-Hour Fire-Resistance-Rated Wood-Frame Wall Assembly
- S {Rated from gypsum wallboard side)

@r«] . ;zmwmdsmds,spmdlﬁ@ 2x6 Wood Stud Wall - 100% Design Load - ASTM E 119/NFPA 251

VA

Stud spacing in fire-
rated wall assemblies

@Nunﬁnal 2x6 wood studs, spaced 24 in. o.c., double top plates, sing]@




c
20
Y]
)
o
2
b0
c
"=
(©
Q
o
-
e
<




Credit: WoodWorks
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What are the options for detailing non-bearing wood partition
walls to the underside of floor or roof framing?

im enairy wosdd-Arame multl family and commsercial 1 » AR
buildings, bullding layouts resuly in Airuciural fioor . Y
ared ranf 1pans b e range of 15 feet to 30 fewr for
tigers and miuch lomger Tor roots. However, Ingeror
PRTITION Walk are Oftén redained 1o ipST INCEAor
SPCEs INCD FEparals rOoTs oF unins. Sructural
Sgineers (OMmMordy SNUmE 1Rt InTerker pariition
walls 4o POt 307 &t boad-Earing femams, e oue
10 Thee potarial for e partithon re-arranQernt or
structursl IneT iclency ssocated with oo suppart
ipacinge. To avold e with oad resistence at
partitkon veall that weeie not irdended T0 #0124
structurs elements, carefud detalling i reguired at the
irmterseciion of ine fop of parition arsd underside of
floce oo road framing.

Eerors for ensuring that load trarsder 1o irege
pertitan wallh does mal ocour Indsde avmdidinmg
partition wall losd-bearing nedequacy snd altered
shear and moment forces. in the floor or roof trusses or
jonts. Although multiple wupport locations along a

dreminm mefmm m oo amare libm 5 wavibeem Fbae lerooms




Wall Blocking Requirements




Wall Blocking Requirements

e W
e W
e W

hen do you need blocking?
hat is the required blocking capacity?

nat is the required blocking size and orientation?

 Does blocking depth need to match wall stud depth?
* What about unique conditions I|ke staggered stud

walls?




Wall Blocking Requirements

e Slenderness ratio limits

* Weak axis stud buckling
 Shearwall panel edge blocking

* Fire blocking

NDS Appendix A.11.3:

When stud walls in light-frame construction are
adequately sheathed on at least one side, the
depth, rather than breadth of the stud, shall be
permitted to be taken as the least dimension in
calculating the le/d ratio. The sheathing shall be
shown by experience to provide lateral support
and shall be adequately fastened. o




Wall Blocking Requirements

NDS Commentary:

“Experience has shown that any
code allowed thickness of gypsum
board, hardwood plywood, or
other interior finish adequately
fastened directly to studs will
provide adequate lateral support
of the stud across its thickness
irrespective of the type or
thickness of exterior sheathing
and/or finish used.”




Attaching to Walls Through Gypsum

In some cases (fire-rated wall
‘ ‘

assemblies, porch ledgers)
required to fasten wood ledger
to wall framing through layer(s)
of gypsum

NDS contains provisions for
connections with shear planes
in direct contact

Credit: WoodWorks



Attaching to Walls Through Gypsum

AWC’s TR-12 provides design equations for zero-
capacity (hollow member) shear planes

Fastener manufacturer literature

2.4 Equation Derivation for Connections
with Members of Hollow Cross Section

TECHNICAL REPORT 12

Following the approach for connections composed
entirely of members having solid cross sections,
equations for connections composed of a combination
of members having solid and hollow cross section can
be developed as shown in Section 2.4 for yvield modes
depicted in Tables 1-2 and 1-3. Equations in Section
2.4 are based on assumed connection configurations
composed entirely of hollow cross section members
for both side and main members,

AL AN WOIOC COUMNCA

Credit: AWC




Acoustical Design

Noise Acou Sound Pollﬁtion

ad ¥y

Whatever you call it, it all comes down to one thing:
Occupant Comfort



Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)

 Measures how effectively an assembly isolates air-borne sound and
reduces the level that passes from one side to the other

* Applies to walls and floor/ceiling assemblies

J L

I | |-

Arbome

sound
source ' - - Transmission

> through wall

\\
\I

: P
I | |

Separatng assembly




Acoustical Design

Structure-borne sound:

Impact Insulation Class (lIC)

e Evaluates how effectively an assembly blocks impact sound from
passing through it

* Only applies to floor/ceiling assemblies




Acoustical Design

Code requirements only address residential occupancies:

For unit to unit or unit to public or service
areas:

Min. STC of 50 (45 if field tested):

* Walls, Partitions, and Floor/Ceiling
Assemblies

Min. IIC of 50 (45 if field tested) for:
* Floor/Ceiling Assemblies




Acoustical Design

What do these numbers mean?

sTC. What can be heard
25 Mormal speech can be understood quite easily and distinctly through wall
30 Loud speech can be understood fairly well, normal speech heard but not understood
35 Loud speech audible but not intelligible
40 Onset of "privacy”
42 Loud speech audible as a murmur
45 Loud speech not audible; 90% of statistical population not annoyed
50 Very loud sounds such as musical instruments or a stereo can be faintly heard; 99% of population not
annoyed.
60+ Superior soundproofing; most sounds inaudible




Acoustical Design

When does structure impact the acoustical performance of a
wall or floor assembly?

Regardless of the structural materials used in a wall or floor ceiling

assembly, there are 3 effective methods of improving acoustical
performance:

1. Add Mass
2. Add noise barriers
3. Add decouplers

f 1
b ]
- - -
"
|
=)

Image credit: Christian Columbres [ Wi



Acoustical Design

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers

STC 62




Acoustical Design

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers




Acoustical Design

What does this look like in typical wood-frame construction:

1. Add Mass .\..-....“..' ..............
2. Add noise barriers =
3. Add decouplers

STC 62




Acoustical Design

What does this look like in typical wood-frame construction:

1. Add Mass .\..-....“..' ..............
2. Add noise barriers
3. Add decouplers




Acoustical Design

What does this look like in typical wood-frame construction:

-
-\.}'5
ey Mo

1. Add Mass
2. Add noise barriers
3. Add decouplers




Acoustical Design

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers
3. Add decouplers




Acoustical Design

What does this look like in typical wood-frame construction:

%
1. Add Mass '|'-_':
2. Add noise barriers S
3. Add decouplers

STC 45




Acoustical Design

What does this look like in typical wood-frame construction:

1. Add Mass
2. Add noise barriers

3. Add decouplers

Make sure that structural
elements don’t defeat the
purpose of these, especially
decouplers

m—— E—————)

5




Acoustical Design

* My interior, acoustically rated wall also needs to be a
shearwall (think unit demising wall)

 Can | add wood structural panels to an acoustlcally
tested wall? '

Yes, but
placement is
very important!

Credit: WoodWorks




Acoustical Design

FIGURE 6
Effect of Sheathing Placement on Acoustical Performance (Plan View)
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Acoustical Design

For walls with resilient channels, put WSP on opposite
side of wall

For highly loaded shearwalls, can use double layer of
sheathing on same side of wall

iy B L. Wi, 0




Acoustical Design

Staggered stud wall condition:

Blocking bridges finish on one side of wall to studs on
opposite side, defeats purpose.

Solution: use flat blocking in wall (W|de face against
WSP)

Credit: WoodWorks



Let’s Take a Break




Lateral Design Topics




THE




Following the load...




Load Path Continuity

Karuna | Photo: Terry Malone
Holst Architecture




Multi-Story Wind Load Design

WIND SURFACE
LOADS ON WALLS



Multi-Story Wind Load Design

44

L y V & o

gl
. AV,

N

WIND INTO DIAPHRAGMS AS
UNIFORM LINEAR LOADS



Multi-Story Wind Load Design

WIND INTO
DIAPHRAGMS SPAN SHEARWALLS AS

BETWEEN CONCENTRATED
SHEARWALLS LOADS



Multi-Story Wind Load Design

DIAPHRAGM WIND FORCES DO SHEARWALL WIND FORCES
NOT ACCUMULATE-THEY ARE DO ACCUMULATE-UPPER
ISOLATED AT EACH LEVEL LEVEL FORCES ADD TO

LOWER LEVEL FORCES



Multi-Story Wind Design

Floor Plan

Source: WoodWorks Five-Story Wood-Frame
Structure over Podium Slab Design Example



Multi-Story Wind Design

Shearwall design

we’ll look at
Shearwall Layout

Source: WoodWorks Five-Story Wood-Frame
Structure over Podium Slab Design Example



Multi-Story Wind Design

Shearwall Layout

Source: WoodWorks Five-Story Wood-Frame
Structure over Podium Slab Design Example



Components of Shear Wall Design

F5 = 52k - |
—
F, = 3.8k ) |
—
F3=3.7K s | =
—
Fy;=3.6K mmmm | —
—
10’-0” Typ.
Fl - 3 4k ‘ |
D
Fp=1.7K sy | —— | Typ. Shear Wall Elevation
290 ) Wind Forces Per Story




Components of Shear Wall Design

10’-0” Typ.

F=52k-|
—

F=9k~|
—
F=127k—| =
—
F=163k—| —
—

F=19.7K me—)
-~
F=21.4Kk mo—) —
29’-0”

| Typ. Shear Wall Elevation

Accumulated Wind Forces



Components of Shear Wall Design

—
—>
—
Tension Compression
>
Holdown
E—) Boundary Posts
p/
—_—
Anchorage — A?f ' —

Overturning Resistance



Overturning Force Calculation

cumulative at
F = 16.3K lower stories
15.4k L is moment
F=19.7k I arm, not
22.5k entire wall
: : length

Assume L = 29ft-1ft = 28ft




Sole Plate Crushing




Sole Plate Crushing

Compression forces perpendicular to grain can cause localized
wood crushing. NDS values for Fc; with metal plate bearing
on wood result in a maximum wood crushing of 0.04”,

Relationship is non-linear Eq. 2.0
g Eq. 3.0

Feioo02in<fer<Fei004in
fe1 s Fc10.02in fe1 > Fe10.04in

f 3
f cs f
ﬂ.:D.DZx( i ) "(F ) a=0.n4x( = )
c10.04 in

Fc10.02 in A=004-002x Fc10.04in
0.27 in

A = deformation, in
fc | = induced stress, psi
Fci0.04in = Fey = reference design value at 0.04 in deformation, psi (Fc )

Fe10.02 in = reference design value at 0.02 in deformation, psi (0.73 F¢y)



Compression Post Size & Sole Plate Crush

Level | Compression | Required Story Sole | 5x Sole Plate
Bearing Plate Crush
Area Crush

5t Floor 1.9 k 4.4in?  (2)-2x4  0.011” 0.057”
4t Floor 5.1k 11.9in? (2)-4x4  0.013” 0.067”
3" Floor 9.6 k 22.6in%  (2)-4x4 0.034” 0.171”
2"d Floor 15.4 k 36.3in2  (3)-4x4  0.039” 0.195”
1t Floor 22.5 k 39.8in%2 (4)-4x4  0.026” 0.13”

Floors 2-5 use S-P-F #2 Sole Plate, F,.,, = 425 psi

Floor 1 use SYP #2 Sole Plate, F,,, = 565 psi



Increasing Compression Post Size

Source: WoodWorks Five-Story Wood-Frame

Structure over Podium Slab Design Example



Overturning Tension

Compression

Opposite Forces

>
E—) f Equal and




Using Dead Load to Resist Overturning
. ! ¥ J Deadload from above

(Wall, Floor, Roof) can be
used to resist some or all

overturning forces,
depending on magnitude

Load
Combinations of
ASCE 7-10:

06.D + 0.6 W

Momant
e '""‘alr

Source: Strongtie



Shear Wall Holdown Options
i E
2 | .
. 3 .
° 5 °
. ' f 250
N i | !
® | + ri_i_'
L Standard Holdown ™ Conti Rod
. ontinuous Ro
Strap Holdown Installation Tiedown Systems
Installation
6+ kip story to 13+ kip 100+ kip capacities

story capacities capacities 20+ kips/level



Components of Shear Wall Design

F=5.2K mm) Overturning
restraint at

bearing plate at
F =9k m—) top of story

Tension accumulates
in rod. Bearing
plates see local

overturning only.
Tension zone

S boundary framing in
7.1k compression!
— N

22.5k |

Continuous Rod Holdown System



Threaded Rod Tie Down w/Take Up Device

’a," I i‘l

it

!
\,

'\

‘? |

Source: Strongtie Source: hardyframe.com



Threaded Rod Tie Down w/o Take Up Device




Tie Down Rod Size & Elongation

Rod Elong.

Tension Rod Rod
Dia. Capacity

gth 10 ft 1.9 k 3/8” A36 2.4 k
Floor

Ath 10 ft 5.1k 5/8” A36 6.7 k
Floor

3d 10 ft 9.6 k 5/8” A193 14.4 k
Floor

2nd 10 ft 15.4 k 3/4” A193 20.7 k
Floor

118 10 ft 22.5 k 7/8” A193 28.2 k

Floor

0.10”

0.09”

0.18”

0.19”

0.2”



Bearing Plate Crushing




Bearing Plate Size & Thickness

Bearmg Allow. | Bearing
Load Bearing | Plate
Capacity | Crush

Floor

Floor

1St
Floor

3in

3in

3in

5.51in

5.5in

8.5in

3/8”

3/8”

1/2”

1/2”

7/8”

0.25 10.25
in? in?
0.518 9.98 in?
in2

0.518 15.98
in? in?

0.69 15.8in?
in2

0.89 24.6in?
in?

4.4 k 0.012”

3.2k 4.2 k 0.022”

4.5 k 6.8 k 0.018”

5.8k 6.7 k 0.03”

7.0k 104k  0.014”



Shearwall Deformation — System Stretch

o

Total system stretch
includes:

* Rod Elongation

e Take-up device
displacement

 Bearing Plate Crushing
* Sole Plate Crushing

Source: WoodWorks Five-Story Wood-Frame
Structure over Podium Slab Design Example

A

A
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i
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Accumulative Movement

With Shrinkage Compensating Devices

Level | Rod | Shrinkage Bearing Take Up Total
Elong. Plate Deflect. Displac.
Crush Elong.

S 0.1” 0.03” 0.057” 0.012” 0.03” 0.23”
Floor

au 0.09” 0.03” 0.067” 0.022” 0.03” 0.24”
Floor

3rd 0.18” 0.03” 0.171” 0.018” 0.03” 0.43”
Floor

2 0.19” 0.03” 0.195” 0.03” 0.03” 0.48”
Floor

15t 0.2” 0.03” 0.13” 0.014” 0.03” 0.4”

Floor



Shearwall Tie Down Elongation

SDPWS Definition of A,: “Total vertical elongation of wall
anchorage system (including fastener slip, device elongation,

rod elongation, etc.) at the induced unit shear in the wall.

Figure 11. Effect of A, on Drift

h
A=d—
b
. 1
h
v 1— A tie-down
tf ;
b displacement
- L

Notes for Figure 11;
Where: h = floor-to-floor height
b = the out-to-out dimension
of the shear wall

Source: WoodWorks Five-Story Wood-Frame
Structure over Podium Slab Design Example



Shear Wall Deflection

Deflection
SDPWS 2008 Eq 4.3-1

‘_’l 8vh?® vh hA

— < %1 Eab | 10006, * b
SDPWS 2008 Eq. C4.3.2-1
Svh’ vh h
N Ogy F——|+ — + 0.75he, + =4,
- W EAb| G, b

IBC 2000 to 2015 Eq. 23-2

3‘.‘.":3 vh h
- - T5he. + =
A EAD Gr—'—ﬂT he, d"h

Bending of boundary elements



Shear Wall Deflection

—

Deflection

SDPWS 2008 Eq 4.3-1

B - I Y
~ *~EAb |1000G, [ b
SDPWS 2008 Eq. C4.3.2-1
- 5oy = E; + % + 0.75he,
IBC 2000 to 2015 Eq. 23-2
A = ’;,ﬁ {52 +05he, {

Shear Deformation of Sheathing Panels

&

Slip of nails @ panel to panel connections

+

-~ | =

=
=



Shear Wall Deflection

Deflection
SDPWS 2008 Eq 4.3-1

—> L 5 Evﬁ3+_ vh +hﬂ'a
| ' EAb 1000G,| b

h SDPWS 2008 Eq. C4.3.2-1

. Svi’ v
S | boo=f 4 22 4 oushe. 4
a, } - : e W EAb Gt
b IBC 2000 to 2015 Eq. 23-2
i
Svh™  vh h
= + -+ U 5 * -4 -
A EAL | G 0.75he, d"h

Rigid Body Rotation



Shearwall Deflection

Level Total Deflection
Post A Displace.

179 pIf 10.5in? 1400 10 k/in 0.23” 0.26”
FIoor ksi
4t 310 plf 24.5in? 1400 10 k/in 0.24” 0.4”
Floor ksi
3d 438 plf 24.5in2 1400 10 k/in 0.43” 0.59”
Floor ksi
2" 562 plf 36.8in2 1400 13 k/in 0.48” 0.6”
Floor ksi
1t 679 plf 49 in? 1400 13 k/in 0.4” 0.67”

Floor ksi



Shearwall Deflection Methods

Multiple methods for calculating
accumulative shearwall deflection

exist
Mechanics Based Approach:

e Uses single story deflection
equation at each floor

* Includes rotational & crushing

effects
* Uses SDPWS 3 part equation

Other methods exist which use
alternate deflection equations, FEM

TR
I

e ey
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el L S p—



Shearwall Deflection Criteria for Wind

Unlike seismic, no code information exists on Allowable
deflection/drift criteria of structures due to wind loads =7 ;T

Serviceability check to minimize damage to cladding and
nonstructural walls

ASCE 7-10:
C.2.2 Drift of Walls and Frames. Lateral deflection or drift

R RS e e

of structures and deformation of horizontal diaphragms
and bracing systems due to wind effects shall not impair

the serviceability of the structure.

e B

What wind force should be used?
What drift criteria should be applied?




Shearwall Deflection Criteria for Wind

Wind Forces
Consensus is that ASD design level forces are too conservative
for building/frame drift check due to wind

e Commentary to ASCE 7-10 Appendix C suggests that some
recommend using 10 year return period wind forces:

e ~70% of 700 return period wind (ultimate wind speed
for risk category Il buildings)
e Others (AISC Design Guide 3) recommend using 75% of 50
year return period forces

Drift Criteria
Can vary widely with brittleness of finishes but generally
recommendations are in the range of H/240 to H/600



Diaphragm Design




Calculating Diaphragm Forces

Figure 1 Simple Beam — Uniformly Distributed Load

Max Shear at Ends
L//"T\ Max Moment
'Y : at Mid-Span

Momemnt

AWC Design Aid 6



Calculating Diaphragm Forces

Figure 1 Simple Beam — Uniformly Distributed Load

Diaphragm Shear:

* Max Shear = Diaphragm
Hf iﬂ Reaction at Shearwall

A o e e * Diaphragm Unit Shear =
. = 3 Reaction / Length of Diaphragm
» o_" = plf

AWC Design Aid 6

Momemnt



Calculating Diaphragm Forces

Diaphragm Fastener Schedule

Zone A | , | Zone A
12" . Zone B 48 L1

< > < > < >

— 2y

< 12’ -




Diaphragm Forces

T Load:
100 Ibs/ft

Vmax = 3,600 Ibs Shear Diagram

«— V. =-3,600 Ibs
"V = 2,400 Ibs

Diaphragm Fastener Schedule
« Zone A: Nailing Pattern 1
« Zone B: Nailing Pattern 2



Diaphragm — Bending Member

Tension edge
\ -

OEFLECTE D
SHAFE 0/"
CVA PHEAGA

R
REACTION —f

PROVIDED BY
ISHEARWALL

W =~ TRANSVERSE
LATERAL FORCE

Compression
edge

END SNEARWALL



Diaphragm Chord Forces

Figure 1 Simple Beam — Uniformly Distributed Load

Diaphragm Chord Forces:

e Max Chord Force Occurs at

H#JMM#R Location of Max Moment

t |t —f— * Chord Force=TorC

* Chord Force = M,y /
Diaphragm Depth

 Chord Unit Shear = Chord Force
/ Length of Diaphragm = plf

M N\
' _'4 ' AWC Design Aid 6

Momemnt




Diaphragm Chords

Wall Top Plates Typically Function as Both Diaphragm
Chords and Drag Struts




Diaphragm Boundary

¥ ® ®
ol SW1 -10’ SW2 -10’

2 Strut ‘ Strut | ]
A ,

2 1° i :
N 5 B N
e - (o)

- N
< |, 2 | o l
e O Strut -, Strut
SW3 -16’
- 80’ -

Reaction = 200 plf * 24’/2 = 2400 |bs
Diaphragm Only at Shearwall = 2400 Ibs / 16’ = 150 plif



Diaphragm Boundary

¥ ® ?
ol SW1-10’ SW2 -10’

i Strut ‘ Strut | ]
A - ,

s 1° i :
t;l, "é': ° N
| O - (o)

- 77}
< |, 2 | o l
e O Strut -, Strut
SW3 - 16’
- 80’ -

Does this mean that no drag struts are required?



Diaphragm Boundary

All edges of a diaphragm shall be supported by a
boundary element. (ASCE 7-10 Section 11.2)

* Diaphragm Boundary Elements:
* Chords, drag struts, collectors, Shear walls,
frames

* Boundary member locations:
* Diaphragm and shear wall perimeters
* Interior openings
* Areas of discontinuity
* Re-entrant corners.




Diaphragm Design - Deflection

Assume 7/16” OSB Sheathing with 24/16 Span Rating. Unblocked
diaphragm with 8d common nails at 6” o.c. at all panel edges.
Spruce Pine Fir trusses spaced 24” o.c.

84’ |
24’ 5’ 29’ 6 8 10

T=3,9071b

Vdiaphragm =186 plf

C=3,907 b

AR RRANARNANNAN

w = 150.6 plf
V=6,3251b
See SDPWS example C4.2.2-3 & APA L350 for design examples



Diaphragm Design — Deflection

From SDPWS commentary:
The total mid-span deflection of a blocked, uniformly nailed (e.g. same
panel edge nailing) wood structural panel diaphragm can be
calculated by summing the effects of four sources of deflection:

* Framing bending deflection

* Panel shear deflection

* Deflection from nail slip

* Deflection due to chord splice slip

SDPWS equation C4.2.2-1:

(bending, chord (shear, panel (shear, panel (bending, chord

deformation deformation) nail slip) splice slip)
excluding slip)
3
5 SvL vL

D (xA)
Da = - +0.188Le, + : p 2 2
(.dkl 8EAW 4G‘[‘ n 2W (C4 l)



Diaphragm Design — Deflection

(bending, chord (shear, panel (shear, panel (bending, chord

deformation deformation) nail slip) splice slip)
excluding slip)
3 xA,
8= i + = +0.188Le, + Z( ) (C4.2.2-1)
S8EAW 4G.1, 2W

From SDPWS: Assuming butt joints in the compression chord are not tight and
have a gap that exceeds the splice slip, the tension chord slip calculation is also
applicable to the compression chord.

X*A = x*A = 3.86 in-ft

tension chord — tension chord —

Achord splice = 3.86+3.86
2 (34')
Achord splice = 0.114”

Og4is = (0.088 +0.047 +0.063 +0.114) 2.5 (2.5 to account for unblocked
diaphragm)
6dia - 0.78”



Flexibility and Redundancy Design Challenges

16 Powerhouse,

sacramento,ca A variety of challenges often occur on projects due to:

D&S Development
LPA Sacramento

 Fewer opportunities for shear walls at exterior
wall lines which cause Open-front diaphragm
conditions

* Increased building heights, and

* Potential multi-story shear wall effects.



Flexibility and Redundancy Design Challenges

In mid-rise, multi-family buildings, corridor only shear
walls are becoming very popular way to address the lack
of capable exterior shear walls.

For guidance on how to analyze a
double open-front, or corridor only
shear wall diaphragm, and help
engineers better understand flexibility
issues associated with these types of
structures, see Malone webinar series
Feb 2020.

The analysis techniques provided in
those presentations are intended to
demonstrate one method of analysis,
but not the only means of analysis.

Codes and Standards



Rigid or Flexible Diaphragm?

Light Frame Wood Diaphragms often default to
Flexible Diaphragms

Code Basis: ASCE 7-10 26.2 Definitions (Wind)

Diaphragms constructed of

RS
wood structural panels are WF‘H Qg |I ‘%fflﬂ H

permitted to be idealized as ——

. | amn.. f'_,l |~
flexible ‘:{__, 1 .

- 5
- S . 5
- A ,"d_,- — -
e ;-
~ p - §i
Ty WEEEmA e
r - .




Diaphragm Modeling Methods

Not using all
shared walls
for Shear

? & @ W (5

R

Robust
Diaphragm
Aspect Ratio

Possible Shear Wall Layouts




Diaphragm Modeling Methods
? (2 » W ®

S (R S S R

— : ’@&
* —__ _* 6—

But maybe not

Robust much wall
Diaphragm . available on
aspect Ratio | POSSible Shear Wall Layouts exterior




Rigid or Flexible Diaphragm?

Light Frame Wood Diaphragms often default to Flexible Diaphragms

Code Basis: ASCE 7-10 26.2 Definitions (Wind)
Diaphragms constructed of wood structural panels are permitted to be idealized as
flexible
Code Basis: ASCE 7-10 12.3.1.1 (Seismic)
Diaphragms constructed of untopped steel decking or wood structural panels are
permitted to be idealized as flexible if any of the following conditions exist:
[...]
c. In structures of light-frame construction where all of the following conditions are
met:
1. Topping of concrete or similar materials is not placed over wood structural
panel diaphragms except for nonstructural topping no greater than 1 1/2 in.
thick.
2. Each line of vertical elements of the seismic force resisting system complies
with the allowable story drift of Table 12.12-1..



Area tributary
to corridor
wall line

23% —>
27% —>

@

!
27% —> I—
23% —> —

Area tributary
to exterior wall
line

Changing wall construction does
Large portion Of NOT impact load to wall line

load on little
wall

Hypothetical Flexible
Diaphragm Distribution



Longer, stiffer
walls receive
more load

o b &

40% —>
40% —>
10% —>
Diaphragm
Changing wall construction impacts assumed to be
Narrow, flexible load to wall line rigid body.
walls receive less
load

Hypothetical Rigid
Diaphragm Distribution



Can a Rigid Diaphragm be Justified?

ASCE 7-10 12.3.1.3 (Seismic)

[Diaphragms] are permitted to be idealized as flexible where the computed
maximum in-plane deflection of the diaphragm under lateral load is more
than two times the average story drift of adjoining vertical elements of

the seismic force-resisting system of the associated story under equivalent

tributary lateral load as shown in Fig. 12.3-1.

IBC 2012 Chapter 2 Definition (Wind & Seismic)

A diaphragm is rigid for the purpose of distribution of story shear
and torsional moment when the lateral deformation of the

diaphragm is less than or equal to two times the average story o“ﬂz’sm:g'm
. Average drift — deflection
drlft. of walls




Rigid Diaphragm Analysis

Some Advantages of Rigid Diaphragm
* More load (plf) to longer interior/corridor walls

e Less load (plf) to narrow walls where overturning restraint is tougher

e (Can tune loads to walls and wall lines by changing stiffness of walls

Some Disadvantages of Rigid Diaphragm

e Considerations of torsional loading necessary

 More complicated calculations to distribute load to shear walls
 May underestimate “Real” loads to narrow exterior walls

e Justification of rigid assumption



Two More Diaphragm Approaches

Semi-Rigid Diaphragm Analysis
* Neither idealized flexible nor idealized rigid

* Explicit modeling of diaphragm deformations with shear wall
deformations to distribute lateral loads

* Not easy

Enveloping Method
* I|dealized as BOTH flexible and rigid.
* Individual components designed for worst case from each approach

 Been around a while, officially recognized in the 2015 SDPWS



-I
e
}

The Cantilever
] Diaphragm
Possible Shear Wall Layouts Option




Robust Aspect

Ratio but only

supported on
3 sides...

Possible Shear Wall Layouts




Cantilevered Diaphragms in SDPWS 2008

Open Front Structure Cantilever Diaphragm
Shaar Walky Shear ‘Walk
Force W Force
K G Frnk
an Building Cantieverad
Daaphragm
Plan View Le

L]
Pl Vi

AWC SDPWS 2008 Figure 4A
AWC SDPWS 2008 Figure 4B



Cantilevered Diaphragms in SDPWS 2008

Open Front Structure

Farce

Shdar Wally

Plan Wew

SDPWS 4.2.5.1.1

L<25ft
L/W <1, one story
< 2/3, multi-story

Exception: Where calculations show the diaphragm
deflections can be tolerated, the length, L, can be
increased to L/W < 1.5 for WSP sheathed diaphragms.



Cantilevered Diaphragms in SDPWS 2008

Cantilevered Diaphragm
SDPWS 4.2.5.2

Lc < 25 ft
s Lc/W < 2/3

F— Cankibeverml
Deaphragm

Ghear Walky

L'h

W
Pl s

Exception: ... No Exception



Open Front
Structure or
Cantilevered
Diaphragm?

Possible Shear Wall Layouts




Cantilevered Diaphragms in SDPWS 2015

Open Front Structure with a Cantilevered Diaphragm

Plan Views i Shear Wall

Cantilevered Diaphragm

-1
-1
-
Force 4
B B
1~
Crpen Frant
o
JJJJJJJJJJJJJJJ )
e
i ’
Force i r
rm—.
’
£
Shear Wall = Cartilbevared
£
| ,l"r- Diaphsagm
i A o S i o S S
-': L+ Operi From
L ‘..-""'".H‘

w'

AWC SDPWS 2015 Figure 4A
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i | ] /.- Ijlaphraqm.
-1 L |
- Open Front
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Open Front Structure & Cantilevered
Diaphragms in SDPWS 2015

Cantilevered Diaphragm SDPWS 4.2.5.2
N /W’ < 1.5
| f/i? When Torsionally Irregular
= IT::::}:: '/W’ <1, one story
| H /ék”""““"“ 2/3, multi-story
' <35 ft

Provided diaphragms modelled as rigid or semi-rigid and for
seismic, the story drift at each edge of the structure within
allowable story drift of ASCE 7. Story drifts include torsion and
accidental torsional loads and deformations of the diaphragm.



£ WoodWorks'

WOOD PRODUCTS COUNCIL

D E 5 | G N E X A M P L E

Five-Story Wood-Frame
Structure over Podium Slab

#|# #| |z #|# 2| # |
o | rl rara o A FlF
| #| #| #|s 2| o
| ra e |y #F|F LA FlaF
| #| #|e 2| #|# #|
T
._\\ LYY LAY o
Developed far WoodWorks by

Douglas 5. Thempson, PE, SE, SECB
5T Structural Engineers, Inc.
Lake Forest, CA

@ WoodWorks"

WOOD PRODUCTS COUNCIL

D.E & | B N E X & M P L E

A Design Example of a
Cantilever Wood Diaphragm

Developed for WoodWorks by
R. Tarry Malone, PE. SE = ||

Prano Andvire Pogue



@ WoodWorks"

WOOD PRODUCTS COUNCIL

D: E & | 6 N E X% & M P L E

A Design Example of a
Cantilever Wood Diaphragm

Three-term equation for uniform load:

" ~ 3wL? s 0.5vL' +zmc
Diaph Unif = paw’ * 1000G, W'

Where:
E = modulus of elasticity of diaphragm chords, psi

A = area of chord cross-section, in”
Vs = Induced unit shear at the support from a uniform applied load, Ths/ft

L' = cantilever diaphragm length, fi

Developed lor WoodWorks by L — . » . .
i W' = cantilever diaphragm width, ft
Scott Brenema n, PhD, PE, SE PR | akt §







Shear Wall to Podium Slab Interface

Amplification of seismic forces
is required for elements
supporting discontinuous walls
per ASCE 7-1012.3.3.3
Overstrength factor of 3 (may
be reduced to 2.5 per footnote &
g of Table 12.2-1) is required |
Attachment to concrete slab must also conform to ACI 318
Appendix D

Typically will be transitioning from ASD for wood design to
LRFD for concrete design

Hold down attachments to concrete options: embedded nuts
or plates, sleeves through slab, welded studs & reinforcing




Shear Wall to Podium Slab Interface

—— Discontinued wood light-frame shear wall is
designed for standard load combinations of
ASCE 7 Section 2.3 or 2.4

Shear wall shear anchorage is
designed for standard load combinations

x Tie-down anchor and anchorage are
designed for slandard load combinations

=
LBEHm is designed for load Jf
combinations with overstrength
~Beam shear connection to post is designed for
standard load combinations

Tie-down anchor designed for
standard load combinations.

ASCE 7-10 Section 12.3.3.3 and Commentary C12.3.3.3
provides guidance on seismic load requirements for various
elements supporting discontinuous shear walls



Tie Down Attachment to Concrete

Source: Strongtie



Tie Down Bolt with Washer

I

Source: Strongtie



Tie Down Anchor Chair in Cast Slab

Source: Earthbound Anchors



Embedded Steel Plates — Weld on Rods

Secton A-A
Fig. RD.5.2 9 Anchor reinforcement fov temsson.




Tie Down Anchors — Precast Through Bolt




Tie Down Anchors — Through Podium




Discontinuous Shear Walls

Karuna | Photo: Terry Malone
Holst Architecture




Offset Shear Wall Overturning Resistance

Source: Strongtie



Offset Shear Wall Overturning Resistance

Shearwall Holddown

Connector Bolted

Through Stud
N

i

e

——Wall Stud

«— Wall Stud

Bottom Plate

Band Joist

Source: FEMA 55




Tie Down to Steel Beam Attachment

o e e |

L " o

Source: Strongtie



Tie Down to Steel Beam Attachment




> Questions?

This concludes The
American Institute of
Architects Continuing
Education Systems

Course
Marc Rivard, PE, SE

Ricky Mclain, PE, SE

WoodWorks — Wood Products Council
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