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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Learning Objectives

O Appreciate the differences designing with the IRC versus the IBC.
QO Understand the limits of IRC wall bracing in high seismic regions.

O Be able to design IRC wall bracing for seismic forces in SDC D,-D,.

O Understand when mixing IRC wall bracing types is allowed and
prohibited.
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

Wall Bracing vs. Shear Walls

BWP (Prescriptive)

=Limitations =Applications

= 3-story maximum = Any buildi ize/sh.
- Ultinmte design wind speed < 140 . Wr;zd :"m,":i?nsitlze shape
mph = SDC - no limit

eoClimiations = Calculations required

= Maximum story height = 11'-7"

(R301.3) =Typically with hold-downs
= Townhome configuration
= Others per Chapter 3

(1) Areas requiring wind design in Table R301.2(5)A may not use
the Residential Code for lateral provisions. 20181RC

3
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8/25/2021

Limits

Wall Bracing vs.
Shear Walls

Limitations

Stud vs. Story
Ht.

Imegularities

3
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Limitations
R301.2.2 Seismic provisions

The seismic provisions of this code shall apply to...
= Townhouses in SDC C, Dy, D, and D,
= Detached one- and two-family dwellings in SDC D,, D, and D,

2018 IRC
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

8/25/2021

Limitations
Seismic Design One- and two-
3 Townhouses
Category family
A&B Wind Only Wind Only
c Wind Only Wind + Seismic
Dy Wind + Seismic Wind + Seismic
D, Wind + Seismic Wind + Seismic
D, Wind + Seismic Wind + Seismic
R30122 A paA
2018 IRC =——
10
Limitations
R202 Townhouse 9
= Three or more b |
attached units
= Units extend from
. Open
foundation to roof two sides
= Open space on at N - =
least two sides _ \‘ \‘ 3 \J
These townhomes can be designed % R <
using the prescriptive bracing of the > \\\>\\\ \\D\\‘
Residential Code R202 APA
2018 IRC

11

Limitations

R202 Townhouse

= Three or more attached
units

= Units extend from
foundation to roof

= Open space on at least
two sides

These townhomes cannot be designed
using the prescriptive bracing of the Not open two sides

Residential Code
(therefore, not a townhouse)

R202 A PA
2018 IRC

12
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Limits

foad Path m SDEEIfar“::

Wall Bracing vs.
Shear Walls

Limitations

Stud vs. Story
Ht.

Imegularities

3
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8/25/2021

13

Stud vs. Story Height

In-plane lateral forces
Requirements for story height exist to limit
the wind and seismic provisions

= Story height limit — 11'-7"

= Stud height — 10 ft. per Table R602.3(5) — does  ~}—j——
not include thickness of top & bottom plates

Story

ft. — a lot of restrictions and requirements — Height
read the footnotes and R602.3.1 RIS

= Table R602.3(6) allows stud heights up to 12 Stud  Height

R301.3 A PA
2018 IRC

14

Stud vs. Story Ht.

Stud Extends Two Stories

Stud Story Height

Lateral Support—> T |

Stud Story Height
Height

Balloon Framing Platform Framing

R30112 APA
2018 IRC

15

APA - The Engineered Wood Association




Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Limits

foad Path m SDEEIfar:‘I;:

Wall Bracing vs.
Shear Walls

Limitations

Stud vs. Story
Ht.

Iregularities

3
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Irregularities

R301.2.2.6 Irregular buildings

“The seismic provisions of this code ... shall not be used for
irregular structures located in Seismic Design Categories C, D,, D,
and D,. Irregular portions of structures shall be designed ... with
accepted engineering practice [and] design of the remainder of the
building shall be permitted to use the provisions of this code.”

3
>

2018 IRC

17

Irregularities

R301.2.2.6 Irregular buildings

“The seismic provisions of this code ... shall not be used for
irregular structures located in Seismic Design Categories C, D,, D,
and D,. Irregular portions of structures shall be designed ... with
accepted engineering practice...; design of the remainder of the
building shall be permitted to use the provisions of this code.”

Wind Seismic
Requirements Requirements

Irregular building provisions Irregular building provisions
do not apply apply R301226 APA
2018 IRC

18
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Irregularities

Seismic Requirements
Irregular Buildings (R301.2.2.6)
n Setbacks & Cantilevers C
n Unsupported Floors & Roofs
Panel & Window Locations

n Floor or Roof Opening
B Vertical Floor Offset

Concrete or Masonry

Construction

n Non-perpendicular Walls

R301.2.2.6
2013 e APA

8/25/2021

19

R301.226 A PA
2018 IRC

20

Irregularities

BB Setbacks & Cantilevers
Vertically __—" >

in plane

\.

Setback

3
1

Cantilever
'y 7><
—

R301.226 APA
2018 IRC

APA - The Engineered Wood Association




Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Irregularities

R301226 APA
2018iRC

22

Irregularities

B Sectbacks & Cantilevers

<

R301226 APA
2018 IRC

23

Irregularities

u B Unsupported Roof or Floor

&
Max.

R301226 APA
2018 IRC

24
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021

Regions

25

Irregularities

V] EEB Panel & Window Locations

R301226 APA
2018 IRC

26

Irregularities

Header
Entire BWp Requirements
length shall not Per Section R301.2.2.6

occur over Maximum
opening below

Minimum

Opening Header

Length
&

(1)2x12
(2)2x10
(2)2x 12

q ‘ (3)2x10
} (3)2x12
i 8 (4)2x 10

BWP & window ~ N Header R301226 APA
in line requirement 2018 IRC

o
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021

Regions

Irregularities

R301226 4 pA
2018 IRC

28

Irregularities

29

Irregularities

I8 Floor or Roof Opening

L

W2
12" max|

Flooror| N w
roof 3 §
opening|[ &[N
N
d
1 E
Least dimension "i‘;}?‘.ﬁg APA

30
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Irregularities

R301226 4 pA
2018 IRC

31

Irregularities

R301.226 APA
2018 RC

32

Irregularities

B Vertical Floor Offset

- Vertically
~ offset

" Floor framing lapped
or connected per
R502.6.1

I
~
/
'
i
1%

- Floor framing supported
over continuous
foundation at building
perimeter —_—

R301.226 APA
2018 IRC

33
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

Irregularities

R301.226 4 pA
2018 IRC

8/25/2021

34

¥ Non-Perpendicular Walls

Not perpendicular ——

I r Irregularities

R301.226 APA

2018 IRC

35

erpendicular Walls

Photo by John Golings

r Irregularities

The Prahran House
by Nervegna Reed

P '1. \ &
&

R301.226 APA
2018 IRC

36
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Irregularities

Masonry or
Concrete

When stories above
grade...include masonry or
concrete construction.

R301226 4 pA
2018 IRC

37

Irregularities

38

Irregularities

R301.2.2.2.5 Irregular buildings review

Irregular portions of structures shall be designed in
accordance with accepted engineering practice
unless specific exceptions are met.

R301226 4 PA
2018 IRC

39
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

High Seismic

foad Path m SDEEIT;“::

Definition

Seismic & Wind
Dead Load Limits

Seismic Design

8/25/2021

Category E
APA
40
Definition
What do you mean “high seismic”?
= All one- and two-family dwelling units in Seismic
Design Category Dy, D;, D, & E
= Townhomes in Seismic Design Category C
ZDIBIRCg
41
High Seismic
DR
Definition
Seismic & Wind
Dead Load Limits
Seismic Design
Category E
APA
42

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic

8/25/2021

Regions
Seismic & Wind
Seismic Design One- and two-
3 Townhouses
Category family
A&B Wind Only Wind Only
c Wind Only Wind + Seismic
Dy Wind + Seismic Wind + Seismic
D, Wind + Seismic Wind + Seismic
D, Wind + Seismic Wind + Seismic
R30122 A pa
2018 IRC
43
High Seismic
DR
Definition
Seismic & Wind
Dead Load Limits
Seismic Design
Category E
APA
44
Dead Load Limits
R301.2.2.2 Weight of Materials Wind
. Requirements
= Average dead loads shall not exceed: Weightof materals
= 15 or 25* psf for roofs/ceiling assemblies NI L el el
= 10 psf for floor assemblies
= 15 psf for exterior wall assemblies
Weight of materials
*25 psf allowed with increased wall bracing provisions apply
per Table R602.10.3(4)
RI01222 ApA
2018 IRC
45

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

Example Roof Dead Loads:

= 3-tab shingles & felt 3.0 psf
= Re-roof allowance 3.0 psf
= 7/16" OSB sheathing 1.5 psf
= Roof truss (no beams) 2.5 psf
= Insulation, R-49 0.8 psf
= 1/2" gypsum board 2.2 psf
= Misc. & electrical 1.5 psf
Total Estimate Roof DL = 14.5 psf
= Slate 10-17 psf
= 5/8" OSB Sheathing 1.8 psf

This is a quick list of dead loads only. Do not rely on this list for
design of any roof system. Verify loads independently.

Roof Dead Loads

Residential Code:

R301.2.2.2 - Average dead loads shall not
exceed 15 psf for the combined roof and
ceiling assemblies...

Exception — Roof and ceiling dead loads not
exceeding 25 psf shall be permitted provided
the wall bracing amounts are adjusted in
accordance with Table R602.10.3(4):

= 2- or 3-story building, adj. = 1.1

= 1-story building or any top story = 1.2

R301.2.2.2
2018 IRC

3
5

8/25/2021

46

Example Floor Dead Loads:

= Carpet and pad 1.5 psf
= 23/32" OSB sheathing 2.2 psf
= 11-7/8" ljoists @16" 0.c. 1.8 psf
= Floor beams 0.5 psf
= 1/2" gypsum board 2.2 psf
= Misc. & MPE 1.0 psf

Total Estimate Floor DL = 9.0 psf
* Hardwood flooring 4.0 psf

3/4" ceramic or quarry tile 16 psf

This is a quick list of dead loads only. Do not rely on this list for
design of any roof system. Verify loads independently.

Floor Dead Loads

Residential Code:

R301.2.2.2 - Average dead loads shall
not exceed ...10 psf for floor
assemblies...

R301.2.2.
2018 IRC

47

= 1/2" gypsum board 2.2 psf
= 2x6 studs 16" o.c. 1.7 psf
= 15/32" OSB sheathing 1.5 psf
= Insulation, R-21 0.6 psf
= Exterior lap siding 3.0 psf
= Misc. & electrical 1.0 psf

Total Estimate wall DL = 10 psf

Residential Code Code:
R301.2.2.2 - Dead loads for walls above grade shall not
exceed 15 psf for exterior light-frame walls and 10 psf
for interior light-frame walls.

any roof system. Verify loads independently.

Example Exterior Wall Dead Loads:

This is a quick list of dead loads only. Do not rely on this list for design of

Wall Dead Loads

R301.222 APA
2018 IRC

48
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Wall Dead Loads

Residential Code Code: '\r
R301.2.2.2 - Dead loads for walls above grade
shall not exceed 15 psf for exterior light-frame
walls and 10 psf for interior light-frame walls.

Example Interior Wall Dead Loads: | |
= 2x1/2" gypsum 4.5 psf

8/25/2021

= 2x4 studs 16" o.c. 1.0 psf
= Misc. & electrical 1.0 psf
Total Estimate wall DL = 6.5 psf ‘
This is a quick list of dead loads only. Do not rely on this list for design of '\ |
any roof system. Verify loads independently. - RI01222 e
2018 IRC
High Seismic
eeft { Seismic
Fosd Path M
Definition
Seismic & Wind
Dead Load Limits
Seismic Design
Category E
APA

Seismic Design Category E
Reclassify to D, if...
SDC D per the IBC
OR

The building meets all of these:

= No floors can cantilever past the exterior walls
= (in addition to meeting other irregularity requirements)

= No out-of-plane offsets for exterior shear wall lines or BWP

R3012212 A pA
2018 IRC

51

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Bracing

foad Path m SDEEIfar:‘I;:

Wall Bracing Types

BWL Spacing vs.
BWP Spacing

Required Length
Contributing Length

Mixing Wall Bracing
Types

3
5

8/25/2021

52

Wall Bracing Types

Intermittent Bracing Methods:
. eteimeti -

stone or masonry veneer
SFB - 1/2" Structural fiberboard
GB - 1/2" Interior gypsum wallboard

DwB - 3/4" Diagonal wood boards
WSP - 3/8" Wood structural panel
BV-WSP -7/16" Wood structural panel with

or gypsum sheathing particleboard, nailed —

Table R602.10.4 A PA
2018 IRC

53

Wall Bracing Types
Intermittent Bracing Methods:
PBS - 3/8" Particleboard sheathing
PCP - Portland cement plaster on studs
HPS - 7/16" Hardboard panel siding
ABW - Alternate braced wall
PFH - Portal frame with hold-downs

- " | B EAeE

Table R602.10.4 4 A
2018 IRC

54

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Wall Bracing Types

Method DWB - Diagonal Wood Boards

= Wood boards 3/4" (1" nominal) thick
applied diagonally

= Studs spaced 24" max.

Table R602.10.4 4 Ay
2018 IRC

8/25/2021

55

Wall Bracing Types

Method WSP — Wood Structural Panel
= 3/8" min. thickness P
= Wood structural panel defined in R604

8'to 12"

bemnk

Table R602.33) A PA
2018 IRC

56

Wall Bracing Types

Method SFB — Structural Fiberboard Sheathing
= 1/2" or 25/32" thick

= Studs spaced 16" o.c. max.

= Must conform to ASTM C 208

= Nailing 3" o.c. edge, 6" o.c. field

8'to 12"

bt

Table R602.10.4 A PA
2018 IRC

57

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Wall Bracing Types

Method GB — Gypsum Board

= 1/2" min. thick for studs spaced at
24" o.c. max.

= 4' minimum length

= Nailing at 7" o.c.

= Bracing length:
= Single sided = 0.5 x actual length
= Double sided = 1x actual length

8'to 12"

No floating corners!

Table R602.10.4 4 Ay

2018 IRC

8/25/2021
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Wall Bracing Types

Method PBS - Particleboard Sheathing
= 3/8" or 1/2" min. thickness

= Studs 16" o.c. max.

= 4' minimum length

= Nailing at 3" edge, 6" field

. . " 8'to 12"
= Minimum 8d nails for 1/2
thick sheathing
74 min.J‘ JEE—
Table R602.10.4 4 PA
2018 IRC
59
Wall Bracing Types

Method PCP — Portland Cement Plaster
= Studs 16" o.c. max.

= Installed in accordance with R703.7 —
= Nailing 6" o.c. nailing

8'to 12"

Table R602.10.4 A PA

2018 IRC

60

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021

Regions
Wall Bracing Types
Method HPS — Hardboard Panel Siding
= 7/16" minimum thickness =)
= Studs 16" on center _—
= Nailing 4" o.c. edge and 8" o.c. field »
8'to 12"
JﬁA' min.J‘ Table R602.10.4 2 A
2018 IRC
61
Wall Bracing Types
Method ABW - Alternate Braced Wall
P— a
[Wina | ot ————Min. 3/8" thick wood Minimum ABW Length
B n Ve structural panel sheathing (inches)
. . i v "
Bliojt i n — Anchor bolts 1/2" (2) Wall Height (it
* /7 _-Hold-down capacity 89 10]11]12
g [ g per Table R602.10.6.1 sDC | 28 | 32 |34] 38| 42
810 10' | A-C
_~—#4 bars top and bottom
| / for bracing SDC |32 32|34|NP| NP
| / D,-D,
i y 12" x 12" min. footing Table R602.10.5

APA

2018 IRC —

Figure R602.10.6.1

62

Wall Bracing Types

Method PFH — Intermittent Portal Frame

2
L. I
o ~ Extended header

N
~ 1,000-Ib strap capacity
(opposite side from sheathing)

10" Max. —
~ 3" o.c. nailing

~ Min. 3/8" thick wood
structural panel

—— 3,500-Ib strap-type hold-dow

Figure R602.10.6.2
APA

o (1) 5/8" anchor bolt
] Figure R602.10.6.2

2018 IRC

63
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Wall Bracing Types

= Wall height up to 12 ft. tall

= Portal height limited to 10 ft. (top of header)

= Pony wall built above portal header

= 4 ft. max pony wall height

= Pony walls require tension straps (Table R602.10.6.4)

= Number of jack studs required for single portal post in
Table R602.7(1) & (2)

Method PFH with taller walls ‘

12" Max fotal wall height

10" Max hevgh'ﬂ

Figure R602.10.6.2

64

Wall Bracing Types

Continuous Sheathing Bracing Methods:
CS-wsP Continuously sheathed wood structural panel

cs-G¥ Continuously sheathed wood structural panel adjacent to
garage openings
CS-PF Continuously sheathed portal frame

€S SFEE—Comtirmuousty-sireatiret-stroctorai-fiverboare—

Table R602.10.4 4 A
2018 IRC

65

Bracing

Wall Bracing Types

BWL Spacing vs.
BWP Spacing

Required Length

Contributing Length

Mixing Wall Bracing
Types

3
>

66
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

BWL Spacing vs. BWP Spacing

BWL vs. BWP

= The Residential Code defines a BWL as a series of BWPs
in a single story

= The code (rRe02.10.2) defines a Braced Wall Panel (BWP) as a
full height section of a Braced Wall Line (BWL) with no
vertical or horizontal offsets.

R602102 4 pa
2018 IRC

8/25/2021

67

BWL Spacing vs. BWP Spacing

BWL Spacing = 35 ft. max.
Permitted to be = 50 ft. max. when bracing
length increased per Table R602.10.3(4).

BWL Spacing = 25 ft. max.
Permitted to be = 35 ft. max.
1. To accommodate one room not
exceeding 900 ft2
2. When required length of bracing is —_
adjusted per Table R602.10.3(4) Table R602.10.13 £ PA
2018 IRC

68

BWL Spacing vs. BWP Spacing

Braced Wall Lines R602.10.1
o Straight
# Run in each plan direction
i Required on each floor
Q 4' offset each side of BWL allowed
U BWL not required to align with physical walls
4 Angled walls allowed
U Aspect ratio (Length:Width) < 3:1
per Table R602.10.3(4) footnote ¢ R602.10.1ﬁ

2018 IRC

69

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Locate BWL
w7
O+
20"
o1
+ roz1012 APA
70
Locate BWL
]
P Y E—— PR - BWL
Rozi012 APA
71
Locate BWL
i T
4' 8
0-{-—- e S BWL
s |
+— A
Reszio1z APA
72

APA - The Engineered Wood Association 24



Wall Bracing IV: Wall Bracing in High Seismic
Regions

8/25/2021

Locate BWL
A
-] +
&
B
o - —— +
&
C
o * 5
o ﬁé
| 24
o ©  wmocZea
73
Locate BWL
R602.10.1.4 Angled Corners
0
24' ?
(1 33 {
4 | 8 F
% g Wall sheathing in a diagonal wall
section may be counted for a wall
line’s bracing length if the diagonal
wall line is 8' or less in length.
- . "ttt APA
74

Placement Requirements
BWPs to begin at each end of a BWL.
Exceptions:
1. Methods WSP, CS-WSP, CS-G and CS-PF
= Panels may begin up to 10 ft. from wall end

hold-down at the corner stud is required.
2. Method BV-WSP

= Panel may move up to 10 ft. from BWL end.
Requires use of BV-WSP hold-downs.

BWL Spacing vs. BWP Spacing

R602.10.2.2.1 Location of Braced Wall Panels in SDC D, D, and D,

= A minimum 24" corner return at end of the braced wall line or a 1,800-lb

R60210221 4 pA

2018 IRC

75

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

BWL Spacing vs. BWP Spacing

Braced Panel Starting Location

Method WSP, BV-WSP, CS-WSP,
CS-G or CS-PF N

d\{—umom'jr

\\

h
Segment may not count as bracing

(Unless dwelling is continuously sheathed per R602.10.4.2
and meets the requirements of Table R602.10.5)

2018 IRC

=

g - - Up to 10" for Method WSP, BV-
‘l '/ ” WSP, CS-WSP. CS-G or CS-PF

R60210221 4 pA

8/25/2021

76

Bracing

Wall Bracing Types

BWL Spacing vs.
BWP Spacing

Required Length
Contributing Length

Mixing Wall Bracing
Types

3
>

77

Required BWP Length

Table R602.10.3(3)

(portion)

78

APA - The Engineered Wood Association

26



Wall Bracing IV: Wall Bracing in High Seismic

Regions

Required BWP Length

peienuz ey

8/25/2021

Seismic Adjustments

e

Story Height

BWL Spacing (townhomes)
BWL Spacing (detached)
Wall Dead Load
Roof/Ceiling Dead Load

y Veneer (|
Stone/Masonry Veneer (BV-WSP)
Stone/Masonry Veneer (WSP, CS-WSP)

SO NG s DN

0. No Blocking

No Gypsum Board I

79

Bracing

Wall Bracing Types

BWL Spacing vs.
BWP Spacing

Required Length
Contributing Length

Mixing Wall Bracing
Types

3
>

80

Contributing Length

Remember, a BWP is...

“A full-height section of wall constructed to resist in-plane shear loads
through interaction of framing members, sheathing material and
anchors.” (R201)

R602.10.5.1 Contributing length. For purposes of computing the required
length of bracing in Tables R602.10.3(1) and R602.10.3(3), the
contributing length of each braced wall panel shall be as specified in
Table R602.10.5.

R602.105.1 4 pA
2018 IRC

81

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

I Contributing Length I

Contributing Length (most methods) = 28'-9"
= n + 12!_0"

13.8" 1% 740" T3 39" 3.9 3.8

2.2"%0 2.0 20" 20" 20w APA

82

I Contributing Length I

Contributing Length (CS-WSP) = 42'-5"

83

Bracing
ED e

Wall Bracing Types

BWL Spacing vs.
BWP Spacing

Required Length

Contributing Length

Mixing Wall Bracing
Types

3
>

84
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Mixing Wall Bracing Types

R602.10.4.1 ltem 1

BWP method variation
permitted from story to story
with any type of sheathing

R602.104.1 ltem 1 4 Ay
2018 IRC

8/25/2021

85

Mixing Wall Bracing Types

R602.10.4.1 ltem 2

BWP method variation permitted

from BWL to BWL within a story

for intermittent sheathing
\

= For continuous and intermittent

sheathing, variation may only occur in
SDC A-C with winds <130 mph

i/

R602.10.4.1 ltem 2 4 g
2018 IRC

86

Mixing Wall Bracing Types

R602.10.4.1 Item 3

BWP method variation within a
BWL permitted ONLY in SDC A-B
and for detached houses in SDC C
with intermittent bracing

\

= Greatest required bracing length for
panel materials must be used.

= Not i for use with i
sheathing OR dwellings in SDC Dy-D,

R602.10.4.1 ltem 3 4 g
2018 IRC

87
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

R602.10.4.1 Item 4

Mixing of CS-WSP, CS-G
and CS-PF along a BWL
is permitted in any SDC

Mixing Wall Bracing Types

R602.10.4.1 tem 44 Ay
2018 IRC

8/25/2021
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.. .
Mixing Wall Bracing Types
R602.10.4.1 Item 4
Mixing ABW, PFH and PFG
with continuous sheathed
methods is permitted,
provided the required length
used is the highest value of
the bracing methods used.
AN
) . R602.104.1 tem 4 22 A
2018 IRC
89
.. .
Mixing Wall Bracing Types
Table 3.27 2 .
from “A Guide to the 2018 IRC Wood Wall Bracing Provisions” 2 ® ;;: ® § Ee
Mixing o o8 | of )
ACHEHE
Story to Story Mixing continuous and intermittent methods . . . .
BWLto BWL Mixing intermittent methods . . . .
BWLto BWL Mixing continuous and intermittent methods . . .
Within BWL  Mixing intermittent methods . .
WithinBWL  Mixing CS-WSP, CS-G and CS-PF . . . .
Within BWL  Mixing ABW, PFH and PFG with continuous sheathing
methods * * * *

Within BWL Mixing an intermittent method on an interior portion and CS-
WSP, CS-G or CS-PF on an exterior portion of a wall line

90

APA - The Engineered Wood Association

30



Wall Bracing IV: Wall Bracing in High Seismic
Regions

Seismic Details

foad Path m SDEEIfar“::

Connections

Foundation

8/25/2021

APA
91
Connections
Roof Connections
3
4 '“J°
ﬂ @6 0C
! Rei00s APA
92
Connections
Joist Connections
5% K
| % 1 ‘ 1
== I — 1
= e
. N mara
93
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

Connections

Panel Connections

Table R602.10.4
Footnote a A PA
2018 IRC

8/25/2021
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Seismic Details

Connections
Foundation
Anchorage

Cripple Walls &
Crawi Spaces

Plate Splice

Collector

3
>

95

-

/=

sl soprr e

= Soil friction
“ Lateral bearing capacity

Sliding

Resisted by soil friction
and lateral bearing
capacity of soil.

Bracing: Foundation

—

S —

“ Weight of soil
+ Weight of the structure and footing
* Bearing capacity of soil

Overturning

Resisted by weight of structure and
footing, weight of soil on footing

and bearing capacity of soil.

R4031 A PA
2018 IRC

96
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Bracing: Foundation

Braced Wall Panel Support Requirements —
SDC Dy-D,; Continuous Footings/Foundations

Plan Dimension Plan Dimension
Braced Wall Panels
< 50 ft. > 50 ft.
Exterior Supported by continuous concrete or fully grouted masonry footing
. . . . Requires continuous concrete or fully
Interior No requirement for continuous footing ' oy
grouted masonry footing, or exception’

* See future slides

R4031.2 4 pa
2018 IRC

8/25/2021
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Bracing: Foundation

Braced Wall Panel Support Requirements — SDC D,
(R403.1.2 & R602.10.9.1)

BWP Number of Plan Dimension Plan Dimension
Location Stories < 50 ft. > 50 ft.
Exterior Al Supported by continuous foundation/footing
One No requirement for continuous Supported by continuous
) Story foundation/footing foundation/footing or exception*
Interior
Two N " "
Story Supported by g, or

* See future slides
R403.1.2,R602.10.91 4 pa
2018 IRC

98

Bracing: Foundation

R403.1.2 — The SDC D,-D, two-story exception can allow
interior wall lines with braced wall panels to be supported
according to the three-criteria listed below if footings below
interior braced wall panels are spaced a maximum of 50 ft.:

1. Cripple walls not more than 4 ft. in height.

2. First floor BWPs are supported on double floor joists, continuous
blocking or floor beams.

3. The distance between BWLs does not exceed twice the building
width measure parallel to the BWL.

R403.1.2 Exception 4 pA
2018 IRC

99
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Bracing: Foundation

SDC Dy, Dy, D,
2 story

Floor beams at
interior BWPs

Double floor
joists at interior
BWPs

8/25/2021

° sora o APA
100
Bracing: Foundation
° y L] L] L
SDC D, D, D,
1 story
: If one or more plan
dmensmn is > 50 ft.,
footi are
required below aII interior
braced wall panels
° —_—
R40312 A PA
2018 IRC
101
Bracing: Foundation
l [ I "» SDC Dy, Dy, 2 story
At interior BWP’s
continuous foundation is
required where the plan
dimension is > 50 ft.
L | % i (unless the exception is used)
R40312 APA
2018 IRC
102

APA - The Engineered Wood Association

34



Wall Bracing IV: Wall Bracing in High Seismic

Regions

Bracing: Foundation

uous footings are

d below exterior
AND interior braced wall
panels
(unless the exception is used)

R40312 A pa
2018 IRC

8/25/2021
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Continuous Footing Requirements
in High SDCs D, - D,

CENGTH OF PLAN GWENEIONS
-
e | oMMSER | wautLocanon o dmendions o oo
o Saon
Exioriorwall Continuous fooinga
00,0, | Onesto
N i Interior Walls
Exioriorwall Contiuou
oelow al interorbraced wal panels
unios th Secion RAD3.12
0.0 | Two stories i used. Than neror wal et
Interiorwalls | No continuous foolngs reqired [wih braced wall paneis may e
Supporied acoorting o the Sxcep.
on wih fooins boow. interir
ornce wal pancis spaced 3 man
Exiororwall Contiuous footings reaured
Contiuous fooings are requred
Selow all meror braced wal panels
riess the Secion RAD3.1 2 xcop.
o, Two stories (Continuous footings are required|io, g ugeq. Then interior wallines,
. Interior walls |Pelow all interior braced wall panels| i, byaceq wall panels may
irlss ihe Secilon R403.1.2 1620 e peytoq acoording 1o the exce
on wih footngs baow itenr
braces wal pancis spaced a max
mom of 50 feet.
Commentary Figure R403.1.2 APA
FooTING. REGIONS 2018 IRC
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TABLE R401.4.1
PRESUMPTIVE LOAD-BEARING
VALUES OF FOUNDATION MATERIALS®

LOAD-BEARING
'CLASS OF MATERIAL PRESSURE
(pounds per square foot)

Crystalline bedrock 12,000
and foliated rock 4,000

3,000

2,000

Clay, sandy., silty cl 1500

sandy siliclay (CL,

For SI: 1 pound per square foot = 0.047

a. Where soil tests are required by Section R401.4, the allowable bearing
<capacitics of the soil shall be part of the recommmendations.

bW g hit in-place soils with an allowable
‘bearing capacity of lessthan 1,506 psfare likely to be present atthe site, the
allowabl bearing capacity shall be detcrmined by a soils investigation.

Foundation Sizes

Establishing the soil capacity:
= Minimum footing width based on
load bearing value of the soil per
Table R401.4.1
= Minimum footing size for piers and
columns per tributary load and
allowable soil pressure per R401.4.1

R401.41 APA
2018 IRC

105
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Foundation Sizes

s woTh A THACKRESS FOR CoNCRETE FooTG

Minim um Fo un d atl on S ize . WITH CASTN-PLACE CONCRETE OR FULLY GROUTED MASONRY WALL l:cmsvsiucn‘nN inches.

= Minimum width and thickness R0 s e

ey

TABLE o3

per Table R403.1(1) T e oo
* R403.1(2) if brick veneer e e e T -
= R403.1(3) if concrete or e e e
masonry construction St e e I
= Figure R403.1.3 | v | e | e | | e | e
T o TRoTAToweT

b. Based on 32-foot-wide hou
of the house, add or subtra

th load-bearing center wall that carries half of the tributary attc, and floor framing. For every 2 feet of adjustment to the width
nches of footing width and 1 inch of footing thickness (but not less than 6 inches thick).

. Txe | mxe 6
E X6 | X D)
- = TTxe | WX e
e o= ow 1L Txs | Tx6 D
. - e | ixe 3
BASEMENT Toxe | Texs G

ON GRADE SPACE Txe | axe

8/25/2021
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Foundation Sizes

Foundation thickness versus depth:

= Per R403.1.3.4, in SDC D,-D,, interior footings supporting bearing or braced
wall panels and cast monolithically with a slab on grade shall be a
minimum of 12" below the top of slab.

= Frost-protected minimum footing depth per Table R403.3(1)

CONCRETE STEM
WALL THICKNESS hecreTe
PER SECTION R404.1.3 . CTION R506.1 BEARING WALL
WALL LINE
INTERIOR
-~ 347 MIN CONCRETE SLAB
- PER SECTION R506.1
CONCRETE STEM WALL s o 1
CONCRETE FOOTING PLACED ¥ [
PRIOR TO STEM
w
w

107

Foundation Reinforcing in SDC D, - D,

Concrete Footing Requirements (rao3)

High Seismic Regions

Code Section Provision
SDC D,-D,;
R403.4.31 Minimum 1-#4 vertical at maximum 48" o.c. with standard hook at
o N 5 bottom bars when a construction joint exists between the footing and
R403.1.3.2, Construction Joint o
RA03.433 stem wall (see these sections for additional requirements)

Minimum 13 vertical at turned down slabs

Concrete stem wall,

R403.1.3.1, 1-#4 horizontal within 12" of the top of wall
R403132 Masonry stem wall
- (solid grouted) | 1-#4 horizontal located 3" to 4" from bottom of footing
1-#4 horizontal at top and bottom'
R4031.3.3 Slab with turned

down footing When slab and footing cast separately (not cast monolithically) 1-#3
vertical at max. 48" o.c. with standard hook to top and bottom bars

1. For slabs-on-ground cast monolithically with the footing, locating 1+ 5 bar or 2-# 4 bars in the middle third of
the footing depth shall be permitted as an alternative to placement at the footing top and bottom. APA
Also see Section R403.1.3.5 and Figure R403.1.3 for additional information. 2018 IRC

108
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

If there’s a construction
joint, #4 bars at 4' o.c.
(extend 14" into stem wall) — R

Bracing: Foundation

Exterior & Interior Stem Wall on Footing
(R403.1.3.1, Figure R403.1.3)

) Construction
_ Joint

34t .

12" Max

#4 bars at top & bottom /

3
5

2018 IRC

8/25/2021
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Construction
Joint

Bracing: Foundation

SD

», Dy and D,

~" #3 bars at 4' o.c. (if const. joint used)

Exterior Turned-down Slab Footing

Interior Turned-down Slab Footing

.
b 3 //
/
< . #4 bars at top & bottom

(OR one #5 bar or (2) #4 bars in
middle third if monolithic)

R403.1.33
2018 IRC

110

Bracing: Foundation

Concrete Foundation Walls

(Basement Walls) R404

Code Section

Provision

High Seismic Regions
SDC D,-D,

R404.1.3.3.1 &
R404.1.3.3.7.1

Compressive Strength &
Reinforcement Grade

3,000 psi minimum & 60ksi

Table R404.1.2(1)

Horizontal Reinforcement

Walls < 8’ - 1-#4 horizontal required within 12
inches of top and near mid-height, 2 8" top and
middle third

Tables R404.1.2(2) thru
R404.1.2(9)

Vertical Reinforcement

Rebar required according to table used, read
for additi qui

R404.1.4.2

Concrete foundation walls

Walls less than or equal to 7.5 thick require 1-#4
vertical bar at min. 48" o.c.

APA
2018 IRC

111
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Bracing: Foundation

Wall Bracing — Additional Foundation
Requirements (R602.10)

Code Section Provision All SDC
R602.10.6, Figures R602.10.6.1 Alternate wall bracing (ABW, | Methods ABW and PFH required 1-#4 horizontal at top
and R602.10.6.2 PFH) and bottom of footing and lap bars minimum of 15"

Short concrete or masonry walls | Rebar required complying with Figure R602.10.9 if wall
R602.10.9, Figure R602.10.9 below BWPs length, height and thickness are:
Ls48" ANDH > 12" AND T < 6"

3
5

2018 IRC

112

Bracing: Foundation

Narrow Masonry Wall Requirements
wroniess

I

12" ANCHOR BOLTS PER
BRACED WALL PANEL
REQUREMENTS

fma—— BOND BEAN

foa— 8" MIN. CHAU
sBAR i

e BOND EEAM

48" MAKIMUM

Only required
for walls less

- = = than 48" long.
LL =] mwaLL SECTION

T me

¥ COVER Figure R602.10.9

TALL STEM WALL REINFORCEMENT 2018 IRC

20°LAP. TYP.

113

Seismic Details

Foad Path M

Connections

Foundation

Anchorage

Cripple Walls &
Crawi Spaces

Plate Splice

Collector

3
>

114
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

Anchorage

Sill Anchors

LJ

R602111 4 A

Plate washer not less than 0.229 inches thick and 3 inch by 3 inch in size 2018 IRC

8/25/2021

115

Anchorage

Anchorage Requirements

(R403.1.6, R403.1.6.1, R602.11.1)

Code R SDC D,-D,,
3 Provision
Section SDC C (townhouses)
Foundation | "Wood sole and sil plates attached to foundation with anchor bolts minimum of
anchorage (for | &t 0 located within 12" of the ends of each plate section. However, for SDC
40346 & e o- :s, the maximum anchor bolt spacing shall be 4 ft. for buildings over two
R4031.61 “'ei’m:s «Minimum 1/2" diameter anchor bolt with 7" embedment
exceptwhere | ynimum of 2 bolts per plate section with bolts located 7 bolt diameters to 12"
noted in bullet 1)
from each end of the plate section
Miscellancous of | "Wall lines without BWP may use cut washers in lieu of plate washers
R403.1.6.1 s”: |°° 'S !l s Interior BWLS require plate washers
ote «Stepped cripple walls must meet R602.11.2 requirements
Plate washers a minimum 0.229" by 3" by 3" between sill plate and nut on _—
R602.11.1 Wall h
60 all anchorage |, aced wall lines except where approved anchor straps are used. APA
Seismic Details
Load Path Limits Bracing Seisvpic
Details
Connections
Foundation
Anchorage
Cripple Walls &
Craw Spaces
Plate Splice
Collector
APA

117
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021

Regions

Cripple Walls & Crawl Spaces

Cripple Wall Definition:
A framed wall extending from the top
of the foundation to the underside of
the floor framing of the first story
above grade plane (R202).

- - - — - -

3
5

2018 IRC

118

Cripple Walls & Crawl Spaces

Main Concepts:

= Cripple walls shall be supported on continuous
foundations. (R602.9) (15t story)

= There are 2 methods for determining the required

braced panel length for cripple walls. ;'cﬂpph wall)

(R602.10.10 & R602.10.10.3)
= Cripple walls shall be braced with same length and method of

bracing used for wall above multiplied by appropriate adjustments:
= 1.15 (cripple wall bracing factor, except for SDC D, - Use Tables)

= 1.5 or 1.4 (if gypsum is eliminated from the inside face)

= 1.5 (if 1%t floor interior BWLs are not supported on continuous footings)

= 0.7 (if fasteners are decreased to 4" o.c., except for SDC D,)
R602.10.10, R602.10.10.1, R602.101.10.2, R602.10.10.3

119

Cripple Walls

Redesignation of cripple walls: optional if

. . all cripple walls are < 48", mandatory if any
Cripple wall supporting cripple wall segment is > 48"

one story

Bracing Length from
Tables R602.10.3(1) or (3) Bracing Length from
st Tables R602.10.3(1) or (3)
(1 story)
(2nd Story)
Cripple wall (1.15 factor)
! ] (1%t Story)
14’ BWP edge to edge max. for "
SDC C in Townhomes and SDC 20" BWP edge to edge max.

D,-D, in SF dwellings [
R602.10.10 & R602.10.10.3 4 A
2018 IRC

120
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Cripple Walls

Seismic Design Categories Dy-D, & Townhomes C
Redesignated as a

Cripple wall supporting two
stories @ Three Story

Bracing Length from
Tables R602.10.3(1) or (3)
(31 Story)

Bracing Length from
Tables R602.10.3(1) or (3)
(2" Story)

Bracing Length from
Tables R602.10.3(1) or (3)

Bracing Length from
Tables R602.10.3(1) or (3)

(1%t Story) (2" Story)
Cripple wall (1.15 factor) (15t Story)
14’ BWP edge to edge 20" BWP edge to edge R602.10.103 4 pA
2018 IRC

8/25/2021
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Cripple Walls

Specific to SDC D,
Cripple Wall Supporting Re-designated as a
One Story Two Story

Bracing Length from
Tables R602.10.3(3) and (4)
(2 Story)

Bracing Length from
Tables R602.10.3(3) or (4)
(1% Story)

(1 Story)

Cripple wall (1.15 factor)

20" BWP edge to edge

14' BWP edge to edge distance
R602.10.10.3

R602.10.10.2

2018 IRC

122

Cripple Walls
Specific for SDC D,

Cripple wall If trying to re-designate as
supporting two stories a three story

Bracing Length from
Tables R602.10.3(3)
(2" Story)

Bracing Length from
Tables R602.10.3(3)
(15t story)

Cripple wall (from Table R602.10.3(3))

For SDC D, - The bottom story of a three story
14' BWP edge to edge distance is not permitied *NP" Per Table R602.10.3(3)
(also referenced in R602.10.10.2)  2018IRC

APA
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Wall Bracing IV: Wall Bracing in High Seismic

Regions

ol
-

Ee—— e

Cripple Walls

For SDC Dy, D, and Townhomes
C only per R602.10.10.1

Cripple wall bracing

If interior BWL's are not supported by a
continuous foundation (i.e. BWL "B"):

1. The adjacent parallel cripple walls, where
provided, shall be braced with Method WSP
or Method CS-WSP in accordance with
R602.10.4

2. Increase exterior cripple wall’s length of
bracing by factor of 1.5 (i.e., BWL's A& C).

3. You can increase panel edge fastener nailing
to 4" oc and adjust the bracing length by 0.7

Currently, conditions 2 and 3 above are not addressed in the APA wall bracing calculator APA

2018 IRC —oe

8/25/2021
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'y Eﬁww —
Anchor bolts shall be -]

located not more than 1 ft.
and 3 ft. from the step
foundation

I Footing
Section "A"

2x plate splice M2|n —If"A" > 8 ft.,
N o provide metal tie

8 ft. in a 25’ wall line, the cripple wall is considered braced
8 ft. in a 25’ wall line, bracing is required at cripple stud wall

Cripple Walls & Crawl Spaces

SDC Dy, D, and D,

Stepped foundations

-

If > 4' refer to R602.11.2
| | (3 conditions)
| —

\3E e plate washer

R602.11.2
2018 IRC

125

Stepped foundations

R602.11.2.1, the BWL
considered braced

Cripple Walls & Crawl Spaces

SDC Dy, D, and D, [ Wind |
Stepped foundations

\ 4 L_a a Lo
‘ il . L i .
5% L L
///
If footing section 2 8 ft. per Can this provision be used

in low seismic areas?

R602.11.2 A PA
2018 IRC

126
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Cripple Walls & Crawl Spaces

4 M'n sncc D,, D, and D,
2x plate splice Stepped foundations

‘\ . .’

S jheas plate washer

| Footmg >
Section "A"

* If "A" 2 8 ft. in a 25’ wall line, the cripple wall is considered braced R602.11.21 A PA
* If "A" < 8 ft. in a 25’ wall line, bracing is required at cripple stud wall 2018 IRC

127

Cripple Walls & Crawl Spaces

Stepped foundations
Story If > 4' refer to R602.11.2
- ol and R602.11.2.2 where the
J 7. J bracing requirements of
/ “ Sections R602.10.10,
Topof 7% % 4 R602.10.10.1 and R602.10.10.2
foundation / J J shall apply
a
3" x 3"

plate washer/

APA
2018 IRC

128

Cripple Walls & Crawl Spaces

Connection per
R403.1.6 & R602.11.1

“

Stepped
at bottom

—p

3" x 3" x 0.229"
“._plate washer

ad, re

Jezeed

SDC Dy, D, and D,

Stepped foundations

R60211.2° APA
2018 IRC

129
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Cripple Walls & Crawl Spaces

Stacked framing not permitted- -

APA
2018 IRC

8/25/2021
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Cripple Walls in Crawl Space (Discussion)
 k

131

Cripple Walls & Crawl Spaces

2018 IRC

132
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Seismic Details

foad Path m SDEEIfar“::

Connections

Foundation

Anchorage

Cripple Walls &
Crawl Spaces

Plate Splice

Collector

APA
133
Plate Splice
Figure A.2
| .
3 FI A VI B
[0 0 A R A K
| M M M
ELEVATION
|
* ‘7
I ]
PLAN APA
2018 IRC
134
Seismic Details
EDENCE T
Connections
Foundation
Anchorage
Cripple Walls &
Crawl Spaces
Plate Splice
Collector
APA

135
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

Collector

E Technical Topics Figure A1

Nalsplice all 1

beyand first brocing unit -

Woll Opening

Elevation

136

Collector

5 2 Table 1. Top Plate Splice Design Table*
E Technical Topics
in ks . e

APA
2018 IRC
137
APA Wall Bracing Calculator
www.apawood.org/wall-bracing-calculator
APa Introducing the APA Wall Bracing Calculator Step b... »
L BRACING
ULATOR
Introducing the APA Wall Bracing Calculator
STEP BY STEP

138
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Resources

www.apawood.org/wall-bracing
Item no. 7102818 Form F430

Introduction to

WSH ?mm

3
5

8/25/2021

139

What’s Coming Next... (2021 IRC)

= Hillside Irregularity Added (r301.2.2.6)
= Story Height Exception Added (r301.3)
= BWL Offset Limit Added (r602.10.1.2)

= PFH, ABW or BV-WSP Distance from End Clarification
(R602.10.2.2.1)

= Masonry/Stone Veneer Limits Added For SDC D (rRe02.10.6.5)

= U1 Preservative Treatment Required for Wood Columns
within 8" of the Ground (r317.1)

APA
2018 IRC

140

Learning Objectives

‘/Appreciate the differences designing with the IRC versus the IBC.
\/ Understand the limits of IRC wall bracing in high seismic regions.
\/Be able to design IRC wall bracing for seismic forces in SDC Dy-D,.

\/Understand when mixing IRC wall bracing types is allowed and
prohibited.

3
>

2018 IRC
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Wall Bracing IV: Wall Bracing in High Seismic
Regions

Wall Bracing IV:
Wall Bracing in High Seismic Regions

ti

Questions?

8/25/2021

142
APA Update Newsletter
(www.apawood.org)
November 2020
APAUPDATE
Ara
143

APA Update Newsletter

(www.apawood.org)

Engineered Wood Construction Guide
et

The APA E ihoritative:
quid

APA - The Engineered Wood Association
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Wall Bracing IV: Wall Bracing in High Seismic 8/25/2021
Regions

I APA Update Newsletter I

(www.apawood.org)

The APA
guideto

[ |

ield Services Division Territories

°
o
>
- R
> .
. *
- e,
Visit -
www.apawood.org/field-services
To find your local Field Services v % =
’ APA
Representative —

L tekvedt

hank you!

www.apawood.org
www.apawood.org/help
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