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Wood Design Background
Outline

Introduction to wood design and construction &
Basic wood properties

Shear Walls
Diaphragms
Anchorage of concrete and masonry walls
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Introduction to Wood Design and
Construction
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Wood Design and
Construction:
Prescriptive

(Also referred to as
Conventional Constructiong

Traditionally, many simple wood structures have been designed without
"engineering"

Over time, rules of how to build have been developed, most recently in the
International Residential Code (IRC)

For the lateral system, the "dedicated" vertical element is referred to as a
braced wall panel, which is part of a braced wall line

Based on SDC and number of stories, rules dictate the permissible spacing
between braced wall lines, and the spacing of braced wall panels within braced
wall lines
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Wood Design and
Construction:
Engineered
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A If a structure does not meet the code requirements for "prescriptive" or
"conventional" construction, it must be "engineered"

A As in other engineered structures, wood structures are only limited by the
application of good design practices applied through principles of mechanics (and
story height limitations in the code)

A A dedicated system of horizontal and vertical elements, along with complete
connectivity, must be designed and detailed.
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Wood Design and Construction

A ASCE 7-16
A AWC NDS, 2015 Edition i wood framing and connections

A AWC SDPWS, 2015 Edition i shears, diaphragms, and
anchorage

Mindimom Desipn Loads and
Associated Critoria for
Duikdings and Other Structures
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Wood Design and Construction

Roof Purlins

Roof Sheathing
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Floor Joists
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Wood Design and Construction

Resultant inertial forces

Horizontal elements

g

Vertical elements
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Wood Design and Construction -
Seismic Response
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Wood Design and Construction |
Desired Seismic Response
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Wood Design and Construction
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Wood Design and Construction -
Less Desirable Response

- Resisting

Inertial
“= Force

Force
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Failure
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Wood Design and Construction

Positive Wall Tie
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Wood Design and Construction

A ASCE 7-16
A AWC NDS, 2015 Edition i wood framing and connections

A AWC SDPWS, 2015 Edition i shears, diaphragms, and
anchorage

Mindimom Desipn Loads and
Associated Critoria for
Duikdings and Other Structures
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Wood Design and Construction

A Supports ASD and LRFD
A Framing and connections
I ASD: F,0= F,CpC,C, etc
i LRFD: F§ = F,Kpf,/C,C, etc
A Shear walls and diaphragms
I Vagp = Vs /2
I Virrp = fpVs = 0.8v,
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Lateral Systems (Bearing Walls)

Seismic Force Response . _
Resisting Modification Se'érgtlg [())?sngn
System CoeffiCieﬂt, R gory
Shear walls with B&C: NL
wood structural 6 %2 .o
panels Di F:65 ft max
: B&C:NL
Shear walls ywth 5 D35 ft max
other materials
E &F: NP
Walls with _flat strap B&C: NL
bracing 4 _—
(CFS Only) D1 F: 65 ft max
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Lateral Systems (Building Frame)

Seismic Force Response . :
. e Seismic Design
Resisting Modification Cateqor
System Coefficient, R gory
Shear walls with wood 7 B & C:NL
structural panels DT F:65 ft max
_ B & C:NL
Shear :/nvzltlsr:/;:;h other 5 1/2 D: 35 ft max
E &F: NP

@ FEMA p Instructional Material Complementing FEMA P-1051, Design Examples Wood Background - 17



Wood Design and Construction

Flexible vs Rigid Diaphragm 1 complexity:

A Neither rigid nor flexible diaphragm
assumptions truly represent the distribution of
seismic forces in a typical structure i both are
simplifications and the actual behavior is
Asemiigi do

A Stiffness of the diaphragm relative to walls is
Important in determining whether behavior is
more like rigid or more like flexible
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Diaphragms ldealized As Flexible

A ASCE 7 Sec. 12.3.1.1: Diaphragms constructed of
untopped steel deck or wood structural panels are permitted
to be idealized as flexible if any of the following conditions
exist:

a. In structures where vertical elements are steel braced
frames, steel and concrete composite braced frames, or
concrete, masonry or steel and concrete composite walls

b. In one- and two-family dwellings

c. In structures of light-frame construction where all of the
following conditions are met
1. Nonstructural topping not greater than 1-1/2 inch
2. Each line of vertical elements complies with drift limits
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Diaphragms Calculated As Flexible

A ASCE 7 Sec. 12.3.1.3:

e the computed maximum in-plane deflection of the diaphragm under lateral
load , g,yp, IS more than two times the average story drift of adjoining vertical

elements of the lateral force-resisting system of the associated story, D\pve;
under equivalent tributary lateral load.o

MAXIMUM DIAPHRAGCM
DEFLECTION (MDD)

AVERAGE DRIFT OF VERTICAL ELEMENT
(ADVE)

Note: Diaphragm 1s flexible if MDD > 2(ADVE).
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2015 SDPWS
Horizontal Distribution of Shear

I The SDPWS 2015 Modifications:

I Coordinating with ASCE 7 flexible, rigid, and semi-rigid
diaphragm designations

I Providing greater clarity to provisions for open front and
torsionally irregular buildings

I Buildings with cantilevered diaphragms are open-front
I Requiring rigid or semi-rigid diaphragm analysis for
torsionally irregular buildings (Sec. 4.2.5.1)

I Require rigid or semi-rigid diaphragm analysis for diaphragm
cantilevers in excess of six feet (Sec. 4.2.5.2)
I Limit diaphragm cantilevers to maximum of 35 feet
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A Provision of a complete load
path is essential to performance
of wood light-frame seismic
force-resisting systems

A Due to nature of wood
construction, this involves a
number of connections

A Will be discussed in detail for
shear walls and diaphragms
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Complete Load Path
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Shearwalls

TARTY

U FEMA p Instructional Material Complementing FEMA P-1051, Design Examples Wood Background - 23

Ls
2

v

o
®



Shear Walls

Three types of shear walls:

STEEL
STRAP AND
BLOCKING
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Shear Walls

Per AF&PA Sec. 4.3, design
provisions include

A Deflection determination

A Unit shear capacities
(shear wall tables)

A Aspect ratios
A Anchorage

A Construction
reguirements
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Shear Walls

Shear walll table information
A Nominal unit shear capacities

A Tables are for DF-L or SP 7 need to adjust values if
framing with wood species with lower specific
gravities

Major divisions:

A Structural | vs. Rated Sheathing

A Panels applied directly to framing vs. panels
applied over gypsum wallboard

A Seismic and wind tabulated separately
A Unblocked edges allowed in some conditions
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Aspect ratios
A Application varies by shear wall type

Shear Walls

Figure 4E Typical Individual Full-

Height Wall $2Fments
Height- to-Width Ratio

s 5
O AP ——t [e——_
| - E
™, -~ E
-~
¢ il-
e ._." .\l'\"'.\_ ™
.
§ b -
-
L )
[= ey e - l‘
§ AT o E
.H'-\. _-". =
::.:: - -
— A e 7
",
[ LY
s T a
o P -
PR et __==;=;=__1' 3
PR —— ] = 4 5
I

,,,,

Fiture 4F Typical Shear Wall
Height-to-Width Ratic For
Sheor Walle Designed for
Force Troans far Arcund

hnﬁil

Figure 40 Typical $hear Wall

Height-to-Width Ratio for

WLl IR E =

T T
LM LA .,
T TR b, T
"
)
1}-_'-.

EETN. T

- W -

-.ﬁ.-

q

[T el

e~

Perforated Shear Walls
- -
| FETSS
[ e _
[l ] =
TENEIC Y e b -
A WAL AL g -
Ea 1]
N N
e . WHEf AEE
'
" sl
il; ll;ill' : 1
.q B | ——

Instructional Material Complementing FEMA P-1051, Design Examples

Wood Background - 27



2015 SDPWS Sec. 4.3 Force

distribution to shear walls in a line

2005, 2008 SDPWS:

Distribute seismic/
wind forces to provide
same deflection where
materials and
construction are same

2015 SDPWS:

Where materials and
construction are same,
distribute seismic/ wind
forces proportional to
shear capacity, adjust

for slender piers
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