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Course Objectives

U The intent of this course is to...

|. To better understand the importance of ensuring a complete
gravity and lateral load path.

2. To get a general understanding of key referenced structural
standards.

3. To understand some of the key structural elements to review in
relation to wood, steel, concrete, and masonry structures.

>
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Seminar Format

Day I: Load Paths & Wood-Framed Construction
|) Introduction
2) Load Paths

3) Wood-Framed Construction

Day 2: Steel, Concrete & Masonry Construction
4) Concrete Construction

5) Masonry Construction
6) Steel Construction [‘ut-s
s | &

PART 1

Introduction

West Coast Code Consultants, Inc. © 2
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Introduction

Use & Occupancy

Type of Construction
Fire-rated Construction
Fire protection Systems
Means of Egress

Accessibility

U What items need to be reviewed?

Energy Efficiency
Structural Design
Mechanical
Plumbing

Electrical

Certifications

0 What types of questions are they?

L When you get certified as a building plans examiner,a commercial
building inspector, or building official, how many questions do you
have from Chapters 16-23?

Q Is that what we should be looking at during a structural plan review
or when performing inspections?

S
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Course Intent

111. S Main, Salt Lake City, Utah

U To learn how to perform a
structural plan review or
structural inspections for simple-
to moderate-sized commercial
or residential projects.

U The course assumes attendees
have a solid code background.

IBC

INTERNATIOMNAL i

BUILDING ! o Minimum Design Loads and

CODE /! § Associated Criteria for
Buildings and Other Structures

TMS 402/602-16
Building Code Requirements

and Specification for
Masonry Structures

) I.I':EL L
CTION m

International Code Council, 2021 IBCO American Society of Civil Engineers, ASCE 7-16
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Resources

20211BC" SEAOC Structural/

20211BC’ SEAOC Structural/

Seismic Design Manual Seismic Design Manual Seismic Design
Volume 1 | SOOE APPLICATION EXAMPLE Voluane 2| - .'I' pre I:"__,. y ""';.I_,\__,‘: \l'(;lurnu'.l. If...'.;'ui.. o
Ao &NCSEA B Ao @NCSEA B S

SEAOC, International Code Council & NCSEA ©

Manual

Ao @NCsEA B

2021IBC’ SEAOC Structural/
Seismic Design Manual

ICRE o EXAMPLES FOR STEEL
Volume 4 | i i

Aboc #NCSEA B

Resources

U 2020 NEHRP Design Examples
* Free from FEMA’s website

= https://www.fema.gov/sites/default/files/docum
ents/fema nehrp design-examples-training-
materials volume-|.pdf

2020 NEHRP Recommended Seismic
Provisions: Design Examples, Training
Materials, and Design Flow Charts

FEMA P-2192-V1/November 2021

Volume I: Design Examples

& FEMA-|@e

FEMA P-2192-V1, Design Examples©
i o G Commres b
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Resources

SEAW Wind
FEngineening | WHITE PAPER WEC #3-2023
Commuttee

U SEAW & WABO White papers:
= https://www.seaw.org/codeswhite-papers
=  SEAW:

o Cross-Laminated Timber Diaphragms
Voluntary Use of Multi-Period Response Spectra

UK * Spernt 1 Py Wb st D

o ASCE 7 Triggers for Requiring Wind Tunnel
o ASCE 7 Site Specific Exposure Determination
o ASCE 7 Special Wind Regions in Washington State

Resources

0 SEAW & WABO White papers:
= WABO/SEAW:

Structural Plan Review Philosophy*

Wet Sealing & Signing of Structural Submittals

Structural Permit Submittal Guidelines™

Phased Approvals in Permitting

Deferred Submittals

Seismic Design & Gravity Support Requirements for Non-Structural Components
Guidelines for Determining Snow Loads in Washington State*

Threaded Rod Holdown Systems in Wood Framed Buildings*

Guards and Connections
Heavy Vehicle Load Provisions [WL‘?

Ol [0 "04<0-+0._ O'g Of OME ~O
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Resources

U LADBS Standard Plan Check Correction Lists

https://www.ladbs.org/forms-publications/forms/standard-

correction-list

to

Resources

ICC Performing Structural Plan Reviews
O “The purpose of a structural plan review is

determine that building structures...”
Comply with applicable standards of construction.
Use appropriate materials and methods.

Are safe for people and property.

Comply with code requirements.

West Coast Code Consultants, Inc. ©
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Questioning an Engineer

U How many of you are comfortable questioning an engineer?

0&EAA
P BUILIDING!
rRus? MET INSPECIOR|
smuﬁ'g 4 SO WHILE I T;S[POSSIBLE
ENGI e THAT]I[COULD]BE]WRONGY
TS IHICHLVUNLIKELYY

Plan Review Philosophy

O WABOI/SEAW: Structural Plan
Review Philosophy

https://www.seaw.org/codeswhite-papers

West Coast Code Consultants, Inc. ©
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Plan Review Philosophy

Collaborative Effort:

= “Given the respective roles and
responsibilities of the designer and
reviewer, the process of ensuring a
building conforms to the code should be
a collaborative effort between the two.”

Plan Review Philosophy

Scope of Review:

= “_.. it should not necessarily be the reviewers
primary focus to check the mathematical
accuracy of the submitted calculations.”

West Coast Code Consultants, Inc. ©

Structural Calculations
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© ENGINEERING

Plan Review Ph ilOSOth JUDGEMENT

Engineering Judgment:

= “...if the design engineer is able to give a reasonable explanation, the
reviewer should defer to the engineer’s judgment, particularly if the issue
under discussion is not directly addressed in the code.”

=  “Design engineers’ responses... should address the concerns expressed and
promote a collaborative effort.”

d. Please learn engineering. The calculations show 1#4 cont at the roof line on sheet 42. That
is why the details 1 and 2 call for 2#4 continuous at the anchors to the ledgers. The design is
correct as submitted.

Plan Review Philosophy

Engineering Judgment:

= “ltis appropriate for a reviewer to ask an engineer to justify a design that
directly contradicts a code requirement. For example, a reinforced
concrete column that does not have ties or spirals at the code-required
spacing should be questioned.”

West Coast Code Consultants, Inc. © 10
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Plan Review Philosophy

Plan Reviewer Judgment:
= “He or she should avoid delving into the minutiae of details and losing sight

of the primary life-safety issues.”
#4 @7 5/8" 0.C.(EA.FACE)

=  “In exercising his/her judgment the plan reviewer should refrain from
imposing his/her own idea of what constitutes ‘best practices’ on the design
engineer.”

Submittal Guidelines

WABOSEAW
Limixon Carmimnitre e

WHITE PAPER 4-2020

WABO/SEAW: Structural Permit
Submittal Guidelines

https://www.seaw.org/codeswhite-papers

West Coast Code Consultants, Inc. © 11
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Submittal Guidelines

Construction Documents:

U “...complete as necessary to verify code compliance and inspection in the
field”

Design Criteria & Construction Materials:

U “Specific items should be noted on the plans as specified in various code
sections including Chapters |, 16, 17,and 18. At a minimum this should
include material specifications, loading criteria, and special inspection
requirements.”

Submittal Guidelines

Accessory Documents:

U “Additional documents such as a design narrative, calculations, studies and
reports should be provided to the extent necessary to clarify code
compliance.”

Deferred Submittals:

U “ltems not included but intended for later submittal to the building
department should be clearly be noted on the Drawings.”

West Coast Code Consultants, Inc. © 12
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Submittal Guidelines

Structural Calculations:
O Provide table of contents
U Include narrative
U Include design criteria summary
a
a

And more...

Provide linkage between drawings & calculations

>

PART 2
Load Paths

West Coast Code Consultants, Inc. ©
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Load Paths

Newton’s 3rd Law:

U “To every action there is
an equal and opposite
reaction.”

Load Path:

U How the loads are
transferred from the
point of origin to where
they are resisted.

Load Paths

What causes vertical loads?
U Gravity

What causes lateral loads?
O Wind
U Seismic

What resists these loads?
O Ground

West Coast Code Consultants, Inc. © 14
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Parts of a Structure

U Beams, Headers, Columns, Bearing Walls
U Diaphragms (i.e., Floor or Roof)
U Vertical Lateral-Force-Resisting Elements
U Footings & Foundations
U Anything else?

Gravity Load Path

What loads need to be
considered?

U Dead loads

U Live loads

U Snow loads

U Soil loads

U Hydrostatic loads
U Rain loads

U Flood loads

West Coast Code Consultants, Inc. © 15
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Gravity Load Path

Concentrated vs. Uniform Loads

q_=8 _=

] 2x10 REQUIRED [ ] 2x6 REQUIRED [

12 FEET 12 FEET

Gravity Load Path

The gravity load path is easy to follow.

L What are some common problems?

West Coast Code Consultants, Inc. © 16
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Lateral Load Path

Not as easily understood
1 What loads need to be considered?

= Wind
= Seismic
| '

I ﬂ

4--»@?

Lateral Load Path

Wind:

L Wind acts against the sides
of a building like the sail on a
boat.

U The majority of forces are
transferred up into the
roof/floor and the rest into
the foundation.

West Coast Code Consultants, Inc. ©
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Lateral Load Path

Seismic:

U Ground shaking causes the
structure’s mass to be
accelerated back and forth.

U Forces are developed
where the structures mass
is the largest.

a©
e‘:’%«@“ ur}
%3 —

Lateral Load Path

Lateral-Resisting Elements:

U Vertical (LFRS):
= Shear Walls
= Braced Frames
= Moment Frames
= Cantilevered Columns
= Many types of each!

West Coast Code Consultants, Inc. © 18
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Lateral Load Path

Lateral-Resisting Elements:

U Horizontal: 2
; Z

* Floor/Roof Diaphragm ocrcecreo 7 y

= §202: DIAPHRAGM -A YA PHRAH // //
horizontal or sloped system R
acting to transmit lateral forces ReAcTIoN — - TRANSVERSE
to vertical elements of the SHEARWALL LATERAL FORCE
lateral force-resisting system. T

k END SHEARWALL

;

Lateral Load Path

Lateral-Resisting Elements:
U Diaphragm Components (ASCE 7):

* Boundary — A location where shear is transferred into or out of the
diaphragm element.Transfer is either to a boundary element or to
another force-resisting element.

= Collector (drag strut, tie, subdiaphragm strut) — A diaphragm or shear wall
boundary element parallel to the applied load that collects and transfers
diaphragm shear forces to the vertical elements of the LFRS or
distributes forces within the diaphragm or shear wall.

= Subdiaphragm — A portion of a diaphragm used to transfer wall
anchorage forces to diaphragm crossties. TH (o3

West Coast Code Consultants, Inc. ©
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FIGURE 11
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Lateral Load Path

Structures must be designed to resist...

/(—4'—-—-——.__
— RACKING
SLIDING .4

West Coast Code Consultants, Inc. © 20
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Lateral Load Path

Horizontal Load Path:

roof sheathing

.'II . roof sheathing siiding
/—ronr assambly ralative to blocking
/
-+ i blocking siding
= Vi rolative to lop plate
i i { il /

—wall racking
sale plate aliding

ralative to sheathing

wall assembly il biloakin
and biocking

wall shaathing — |

<)

sheathing sliding
relative to blocking

blacking sliging
rotative to lop plate

wiill assembly =
= wall racking

wall sheathing —
foundation sill
plate sliding
relative fo
foundation

(Ha)
foundation
=]

foundaton
sliding relative
o supporting
sails

FEMA 232: “Homebuilder’s Guide to Earthquake Resistant Design and Construction”

Table 2-1 Load Path C, ions for Horizontal Sliding

Ttem

Minimum Fastening per
IRC Table R602.3(1) and Discussion

Tustration

H1

athing” Nailing”
' 8d common i
18 ol"  8dcommon |
1 e 1" 10d commen (@

ROOF
SHEATHING

&

= HResists roof sheathing sliding with respect to blocking below.

& Six-inch nail spacing applies lo supported sheathing edges
and blecking, Twelve-inch spacing applies at other panel
supports.

*  Rafter blocking is not always required by JRC; however,
sheathing should be nailed to blocking where blocking is

H2

provided.
Three 8d box (0.113"%2"/,™) or three 8d commeon (0.131x2"/,") toenails
each block.
o Resists rafter blocking sliding with respect to wall top plate. b WocENe
o Use of angle dips in liea of toenadls s a recommended
above-code measure.

#  Rafter blocking is not alwiys required by JRC; however, it
should be fastened where provided.

TOR
PLATES

H3

H4

Sheathing® Nailing®

WALl
SHEATHING
»  Provides wall racking resistance. @
*  Six-inch nail spacing applies to sheathing edges. Twelve-mch

spacing applies at other studs.

WALL
SHEATHING

S4LOR
SOLE PLATE

West Coast Code Consultants, Inc. ©
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Item

Minimum Fastening per
IRC Table R602.3(1) and Discussion

Hlustration

At Braced Wall Panels
Three 16d box (0,1357x3'/:") or three 16d sinker (0.148x3",") face
nails each 16 inches on center {space evenly).

Between Braced Wall Panels
One 16d box (0.1357x3'/,7) or one 16d sinker (0,148x3"/,7) face nail ut
16 inches on center

*  Resists wall sole plate sliding with respect to sheathing and
blocking or rim joist below

@

SILL OR SOLE PLATE

Sheathing® Nailing”

5067w %" 6d common @ 67
193270 1" 8d common @ 6™
10 174" 10d common @ 6™

»  Resists floor sheathing sliding with respect to blocking below

s Six-inch nail spacing upplies to supported sheathing edges
and blocking. Twelve-inch spacing applies at other panel
SUpPOts.

H7

Three %d box (0,1137x2"/:") or three 8d common (0.131x2"/:") toenails
cach block.

*  Resists joist blocking shding with respect to wall top plate
*  Use of angle clips in licu of toenails is a recommended
above-code measure, BLOCHING

FLOOR SHEATHING

BLOCKING

FEMA 232: “Homebuilder’s Guide to Earthquake Resistant Design and Construction”

Lateral Load Path

Need to pay attention at interior shear walls!

West Coast Code Consultants, Inc. ©
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Lateral Load Path

Overturning Load Path:

load left io right

laft

load rght o

P
@"1 sacond story wall
upiifl refative 1o

first story

)

=]
<
o

firsl story wall
uplifi relative to
Toundatson

load lefl to rght

“Homebuilder’s Guide to Earthquake Resistant Design and Construction”

# FEMA232:

Table 2-2 Load Path Connections for Overturning

Ttem

Overturning Load Path Description and Discussion

Hlustration

ovi

When Wall 1 15 loaded from left to right, the wall tries 1o overtum causing the lower left comer 1o
uplift. This illustration shows a hold-down strap restraining this uplifi. The hold-down strap carrics
tension from an end post or studs in the second-story wall to an end post or studs in the first-story

wall, which in turn must be anchored 1o the foundation (OVS)

0v2

When Wall | is loaded from left to right and an uplift load occurs at OV, an approximately equal
downward load occurs st OV, This load will be in the post or studs at the end of the wall and will
push down on the floor framing and first-story wall. This Joad will be transmitted through a first-
story post to the foundation.

When Wall | 1s loaded from right to left, there 15 an uplift load in the hold-down strap at OV2,
Becanse this end of the wall is not aligned with a wall end in the first story, attention is needed to
mike sure that a post is added in the first-story wall for strap nailing. The firsi-story post can have
edge nailing to the wall sheathing and transfer the uplift into the first-story wall or, alternatively, can
be anchored directly to the foundation with an additional hold-down anchor. One or the other of
these anchorage methods is needed to complete the load path,

fo’)

WALL 1

WALL 3

Oov3i

When Wall 2 is loaded from left to right, the wall tries to overturn causing the lower left comer 1o
uplift. The location of OV3 over a first-story header makes the load path more complex than OV
Hold-down strap OV 3a carries the uplift load from the Wall 2 end post o the first-story header.
Because the uplift load can be larger than the minimum load on the header, straps OV 3b and OV3c
are shown tying the header down to the first-story posts or studs, 11 this is not done, it might be

possible for the header 1o pull up.

When Wall 2 is loaded from right 1o left, a downward load occurs at OV3a. This downward load
adds 10 the load already in the header and the studs supporting the header, When Wall 2 extends
mare than a foot over the header, the condition 1s considered an iregularity and 1s subject 1o
limitations in SDC Dy and D

P WALL 2
(envaa)
N/

fva)
?_/

0v4

When Wall 2 is loaded from lefi to right and an uplifi load occurs at OV 3a, an approximately equal
downward load eccurs a1 OV4, This load will be in the post or studs at the end of the wall and will
push down on the floor framing and first-story wall, This load will be transmitted through a first-
story post to the foundation

FEMA 232: “Homebuilder’s Guide to Earthquake Resistant Design and Construction”
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Item

Overturning Load Path Description and Discussion

Hlustration

Ovs

When Wall 3 is loaded from lefit to right, the wall tnes to overurn causing the lower lefi comer to
uplift. This illustration shows a hold-down strap restraining this uplift. The hold-down strap carmies
tension from an end post or studs in the first-story wall to the foundation. The uplift load in the
first-story end post or studs is a combination of the second-story uplift load from OV1 and the uplift
load accumulated over the height of the first story

Hold-downs anchored to the foundation should be used only where substantial continuous
foundations are provided. Hold-downs anchored to existing foundations that are weak or that do not
meet eurrent d wnal reg require g guidance. Hold-downs anchored 1o
isolated footings require engineening guidance

Oove

When Wall 3 15 loaded from left 1o right and an uplift load occurs at OVS
downward load occurs at OV6. This load will be in the post or studs at the end of the wall and will

approximately equal

push down on the foundation. This Toad will be a combination of the downward load OV2 from
Wall | and the load accumulated over the height of Wall 3, An exact engineering calculation would
adjust this downward load based on the narrower width of Wall 2 and the uplift from the hold-down
ot OV3hb,

WALLD

#

ov7

When Wall 4 is loaded from lefi 1o right, the wall tries w0 overtum causing the lower left comer 1o
uplift. This illustration shows a hold-down strap restraining this uplift. The hold-down strap carmies
tension from an end post or studs in the first-story wall to the foundation, The uplift load in the

first-story end post or studs 15 o combination of the second-story uplift load from OV 3¢ and the

uplift load accumulated over the height of the first story

OVs

When Wall 4 is loaded from lefi 1o right and an uplift load occurs at OV7, upproximately equal
downward load occurs at OVE. This load will be in the post or studs at the end of the wall and will
push down on the foundation, This Toad will be 4 combination of the downward load OV4 from
Wall 2 and the load sccumulated over the height of Wall 4

FEMA 232: “Homebuilder’s Guide to Earthquake Resistant Design and Construction”

Lateral Load Path

Load Transfer Between
Components

= |BC 1604.4

= Section 12.1.3

vertical end
wall (shear
wall)

vertical end
wall (shear
wall)

West Coast Code Consultants, Inc. ©

FEMA 232: “Homebuilder’s Guide to Earthquake Resistant Design and Construction”

roaf
diaphragm

- horizontal
fioor
diaphragm

-

vertical
side wall

vertical

. side wall
seismic .
force  ©1] wind
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Lateral Load Path

Connections — Connections — Connections

Lateral foree Lateral forca Lateral force

s =
/ s
|/ |

V T

Propearty built shear wall resists Foroes did not get bo tha shasr Shear wall must connect 1o the
this case, the action from foundation. Hare, the reaction
not provided for i
of older homes with few o
=il anchors)

Lateral force Lateral force Lataral force
— I
- - ——
A | .;IL———-——|I‘
II | | \
| | |I |
Shear wall must hold logether Shear wall mus! resist upiift. The End-posts musi not crush the
wall e n foros was ot provided: | e Dilows Eeaing CRpacly 3
o s warll (typical failure for lod Io resist compressive

of tall shesr

eas! wornsome typs of Vo ot s Con s, i
n wealken other parts

Lateral Load Path

West Coast Code Consultants, Inc. © 25
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Lateral Load Path

1994_N-orthridge .Earthquake, Tilt-up wall anchorage failure,
https://www.seaoc.org/news/416622/Revisiting-Earthquake-Lessons--Wall-Anchorage-to-Flexible-Diaphragms.htm

Lateral Load Path

L Connections — Applies to all construction types

Example Review Comment: ' . S
The project calls for tilt-up panels to be directly connected to ; -

the floor slab, with no physical connection to the footing. Please ' OUTERWYTHE
provide calculations showing that the portion of the floor slab 1
that is used is capable of transferring the required forces to the
supporting soils. In addition, please provide a check of the panel-
to-slab connection for side-edge concrete breakout.

T

FOOTING

West Coast Code Consultants, Inc. ©
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Load Path Summary

Design must consider three load cases:

U Gravity design
U Lateral in one direction
U Lateral in opposite direction

* Load capacity of each building element and their connections must
be calculated to resist all three and adequately transfer them to...

NEHRP Provisions

Serve as basis of IBC seismic provisions:
U Main purpose is to prevent serious injury and life loss
U Focuses on collapse prevention

U “The degree to which these goals can be achieved
depends on a number of factors including structural
framing type, building configuration, materials, as-
built details and overall quality of design.”

TR EHE e

;'-‘,‘5‘ =

NEHRP Recommended
Seismic Provisions for
New Buildings and Other
Structu

FEMA P-1082-1

% FEMA @

National Earthquakes Hazard Reduction Program
(NEHRP), FEMA P-2082-1, 2020

>

West Coast Code Consultants, Inc. ©
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ASCE 7-16 >Table 12.2-1:

U Only structures in SDC ‘A’ are exempt from
seismic design requirements.

Structural Framing Type

U Per Section | 1.7, these structures must still be
designed for general integrity including load-path
connections, lateral forces, connections to
supports, and anchorages to walls.

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

Table 12.2-1 Design Coefiicients and Faclors for Seismic Force-Resisting Systems

Structursl System Limaations
nchuding Structursl Mesght. &, (1) Limits”

3

o

3

=

ASCE 7 Saction <

Where Detailing Fesponse Detiecban Silonls asign Citagary :;f

Seiamic Farce-Fasitting System Arm Specitied Confficient, A Factor, 0" Factar, C,° B c o E* F g

k]

A. BEARING WALL SYSTEMS z

1. Special reinforced cone shear walls™" 142 5 % 5 NL NL 160 160 100 ‘g

2. Ovdinary reinf e shear wall 142 4 M3 4 NL NL NP NP NP 2

1. Detabled plain concrete shear walle® 14.2 2 % 3 NL NP NP NP NP ]

4. Ordinary plain concrete shear walls® 14.2 13 bit} Ity NL NP NP NP NP g

5. Intermes shear walls® 142 | Lt i Nl NI Wy Y ur <
. Owdinary p ar walls 142 L e 3 NL NP NP NP NP
7. Special renforced masonry shear walls 144 5 4 W NL NI (L] 160 100
& Intermedinte reinforce onry shear walls 144 Wy M NL Nl NP NP NP
9. Ordinary remf msonry shear walls 144 2 1% NI 160 NP NP NP
10, Detailed 144 2 ' % NL NP NP NP NP
11, Owelin 14 1% (Y 1% NL NP NP NP NP
12, Prestressed s g 144 1% 1] 1% NL NP NP NP NP
13, Ordinary reinforced A, masonry shear walls 144 2 2% 2 NL 35 NP NP NP
14, Ovdinary plain AAC musonry shear walls 14.4 1% i ] 1% NL NP NP NP NP
15 Light-frame (wood) walls sheathed with wood structural pancls rated for 145 By L] 4 KL NL a5 65 &%

sheir residance
16, Light-frame (cold-formed steel) walls sheathed with wood structural panels 141 o4 4 NL NL 68 5 08
ruted for shear resistance or siee] sheets
17. Light-frame walls with shear panels of all other materials 1,1 and 14.5 2 bt} NL NL 38 NP NP
1%, Light-frame (cold-formed steel) wall systems using flat strap bracing 14.1 4 2 NL NL 65 (5] 5]
H. BUILIMNG FRAME SYSTEMS

centrically braced frames 14.1 ) 2 4 NL Nl 160 160 (LL1]
concentrically braced frames 14.1 [ 2 5 NL NI 161 161 104
pary concentrically braced frames 14.1 4 2 e N1 NL s L] NP
4. Special reinforced concrete shear walls *° 142 3 % 5 NL NL (] 160 100
5. Ordinary reinforced concrete shear walls 142 5 bl 4! NL NL NP NP NP
6. Detailed plain concrete sheur walls 14.2 anad 2 Vi) 2 NI NP NP NP NP

West Coast Code Consultants, Inc. ©
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I
O
_—

18 126 [— \\ 12 8 others!
P w4 85 total

R

R o R SR
Building frame Moment-resisting

SR R

R N
Bearing wall

frame

Supports all +  Frame carries +  Specially detailed *+  Similar to building
gravity and lateral gravity (i.e. gravity frame to support frame system
loads frame both gravity and except the gravity
Lack redundancy «  Shear walls or lateral loads frame also provide
Rovalis vartas braced frames - High level of secondary lateral
from 2.8 t0 5.5 carry lateral load ductility and force resistance.

Need to consider redundancy *  R-value varies

deformation +  R-value varies from 4.2 t0 8.5

compatibility from 3.5 to 8.5

R-value varies
from 5.5 10 7.0 llt'}
%3 =

Structural Framing Type

O | have a building with special reinforced concrete shear walls,and |
would like to classify it as a building frame (R=6) rather than a
bearing wall (R=5).What is the difference between a building frame
and a bearing wall?

West Coast Code Consultants, Inc. ©
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Structural Framing Type

U Different design values for each system as well.

U Example: Reinforced Masonry Shear Walls
» Ordinary > R=20 € 40% of special
* Intermediate > R = 3.5 & 57% of special
= Special > R=5.0 < Required for high seismic

144 . Y Wi NL NI (L21] 180 {{LA]
144 £ 15 % M4 NI NI NP NP NP
144 2 25 1% NL 16 NP NP NP

: I x PRy 3
Design Lateral Load (C,) = ( R/ le ) * Weight of building w3 @

Structural Framing Type

D ’s there a problem with this? 3.4 LFRS - Cantilevered Columns

Steel Cantilevered Column
Lateral Loads (per column)

Wind (ASD) = 312.817021213318 Ib Refer to laleral analysis
Seismic (ASD) = 262.14743482906 b Refer to lateral analysis
Primary response coefl R= 65 Refer to lateral analysis
Cantilevered column
Height H= 1451
Cantilevered column size = HSSEXEX1/2
G. CANTILEVERED COLUMN SYSTEMS DETAILED TO CONFORM 12.2.5.2
TO THE REQUIREMENTS FOR:
1. Steel special cantilever column systems 14.1 213
2. Sieel ordinary cantilever column systems 14.1 %4
3. Special reinforced concrete moment frames™ 12.2.5.5 and 14.2 24
4. Intermediate reinforced concrete moment frames 14.2 Y4
5. Ordinary reinforced concrete moment frames 14.2 1 %‘3
6. Timber frames 14.5 144 %3 ———

West Coast Code Consultants, Inc. © 30
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Structural Framing Type |y o

Fracture

Stress

Three key design values in Table 12.2-1:

U Response Modification Factor (R):

= This describes whether system is brittle (i.e.,stiff)
or ductile (i.e. flexible). Strain

= Higher R-value > lower design loads & more
detailing expense

= Lower R-value > higher design loads & less
detailing expense

=  Are you comfortable with the R-value used?

Structural Framing Type

Three key design values in Table 12.2-1 (cont.):

O Overstrength Factor (Q,):
= An amplification factor applied to forces in certain components of the lateral load path.
= Includes collector elements, some foundation elements, and more.

U Deflection Amplification Factor (C,):

=  Used to determine inelastic story drift due to ground motions.
=  Elastic drift > due to wind (linear behavior)

3

West Coast Code Consultants, Inc. © 31



2024 WABO Institute 3/27/2024

Structural Framing Type

(] Combinations

* In Different Directions (§/2.2.2):
o Respective R, C, and Q, shall be used.

* In Same Direction (§/2.2.3):
o Most stringent R, C4 and Q shall be used.

= Vertical Combinations (§/2.2.3.1):

o Lower system < R: Upper coefficients
should be used for both

o Lower system > R: Separate values used
but upper system forces shall be multiplied

by the ratio of the higher to the lower “R”. 3 ‘W!;B

Structural Framing Type

0 Two-Stage Analysis:

= Allowed if flexible upper portion and rigid
lower portion and...

= Stiffness of lower 2 10 * upper

= Period (T) of entire structure < |.| * period
of upper

= Upper portion designed as separate structure

* Lower portion designed as separate structure
+ amplified reaction from upper

= Lower uses ELF procedure

West Coast Code Consultants, Inc. © 32
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Building Configuration

QO Structural Irregularities

= Regular structures dissipate an earthquake’s energy uniformly throughout
the structure resulting in light, but relatively well-distributed damage.

= |rregularities tend to concentrate earthquake forces in one, or a few,
locations resulting in extreme local damage.

Building Configuration

Structural Irregularities (cont.):

Table 2-1 Structural Irregularities in U.S. Codes and their Treatment in this Report 3%
g
Structural Irregularities Codified in Treatment in this Report 3; E
H1. Torsional istiffness) imegularity ASCE/SEl 7-16 Analysis % Eif
H2. Reentrant corner irregularity ASCE/SEl 7-16 Discussion é é
H3. Diaphragm discontinuity irregularity ASCE/SEI 7-16 Discussion ";—E .f’_%
H4. Out-of-plane offset irregularity ASCE/SEI 7-16 Discussion E E)
H5. Nonparallel system irregularity ASCE/SEl 7-16 Discussion é B
H6." Torsional strength irregularity ASCE/SEl 4117 Analysis '%ﬂ
V1. Soft story imegularity ASCE/SEI 7-16 Analysis g
V2. Weight (mass) irregularity ASCE/SEl 7-16 Analysis g
V3. Vertical geometnc irregularity ASCE/SEl 7-16 Discussion g
V4, In-plane discontinuity .., irregularity ASCE/SEl 7-16 Discussion %
V5. Weak story irregularity ASCE/SEl 7-16 Analysis
V6. Story mechanism: weak-column/strong-beam ACH 318-14, ANSIAISC 341-16 Analysis %-3
V7. Gravity-induced lateral demand Analysis oo
Wall discontinuity Limited analysis

West Coast Code Consultants, Inc. © 33
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U HI -Torsional:

* lrregular > .2
= Extreme > | .4

Building Configuration

Refer to ASCE 7-05 Table 12.3-1
¥ 5 -—
5a | Tl e

I g
" T = ——"

e
|
|
I
I

= Extreme torslonal irregularity exists when:

a4 *+ O
5> 1424288
1 2

Torsional irregularity to be considered only when diaphragms are not flexible

(ASCE 7-05 Table 12.3-1)

In SDC D, E and F design forces determined from Section 12.8.1 shall be increased 25%
for connections of diaphragms to vertical elements and to collectors, and for connections
of collectors to vertical elements (ASCE 7-05 Section 12.3.3.4)

+ In SDC, D, E and F dynamic amplification of torsion as required by Section 12.8.4.3 shall
be applied

6

7

may respond somewhat
independently

U0 H2 - Re-entrant Corners:
= Both plan projections > 15%
* Projecting wings of the floor

Building Configuration

Refer to ASCE 7-05 Table 12.3-1

T /

Re-entrant corner. i

be-

= Re-entrant comner exists when:
Projection b > 0.15a, and
Projection d > 0.15c

» In 8DC D, E and F design forces determined from Section 12.8.1 shall be increased
25% for connections of diaphragms to vertical elements and to collectors, and for
connections of collectors to vertical elements (ASCE 7-05 Section 12.3.3.4)

West Coast Code Consultants, Inc. ©
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Building Configuration

O H3 - Diaphragm Discontinuity:

Refer to ASCE 7-05 Table 12.3-1

(/)
N _}{
= N

P
| — |
Diaphragm discontinuity exists when:
Area of opening > 0.5ab or %‘3
Effective diaphragm stiffness changes more than 50% from one story to the next “r} —
s In SDC D, E and F, design forces determined from Section 12.8.1 shall be increased e

25% for connections of diaphragms to vertical elements and to collectors, and for g
_ connections of collectors to vertical elements (ASCE 7-05 Section 12.3.3.4) n

Building Configuration

U Diaphragm openings (§2308.4.4.1):  P———-

O Openings > 4-feet ' :

= Metal ties and blocking per Figure
2308.4.4.1(1).

= Metal ties 2 16 gage x |.5-inches in
width

=  Blocking shall extend not less than the
dimension of the opening in the
direction of the tie and blocking.

= SDC‘D-F: Length = 50% distance

between LFRS or < 25% diaphragm area Wv‘ﬂﬂﬂru‘——v—f "

International Code Council, 2018 IBCO

West Coast Code Consultants, Inc. © 35
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Building Configuration

D H4 - Out-of-P'ane Offset; Refer_m AS,CE ?-US_Tih_IeJ-

= Discontinuity in LFR path AT\ { .

2.31

(R
Y

e \

— A

———Discontinuity in vertical
elements of lateral-

‘ force-resisting system

» Note special detailing requi

» Required strength of columns supporting discontinuous vertical elements
(ASCE 7-05 Section 12.3.3.3):

Load combinations with overstrength factor (ASCE 7-05 Section 12.4.3.2)
(1.2+ 0.2555)0 + Qe + L + 0.25
(0.9 - 0.25,5)0 + (30 + L + 1.6H

rements in materials chapters,

« In SDC D, E and F, design forces determined from Section 12.8.1 shall be increased
25% for connections of diaphragms to vertical elements and to collectors, and for
connections of collectors to vertical elements (ASCE 7-05 Section 12.3.3.4),

71

Building Configuration

Q0 H5 - Nonparallel System:

100% forces in one direction
and 30% of forces in

perpendicular direction

Refer to ASCE 7-05 Table 12.3-1

« Design to consider:

motions as per ASCE 7-05 Section 12.5.3

West Coast Code Consultants, Inc. ©

wp3
SDC C, D, E and F structures are requiged to include effects of orthogonal ground . ool S

Ay
/e
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= Types la, Ib,2,3 & 4

Building Configuration

U Do horizontal irregularities exist?

Example Review Comment:

Section 12.3.3.4 of ASCE 7.

The proposed structure includes

irregularities as defined by Table 12.3-
| of ASCE 7-16. Please confirm that the requisite forces were increased as required by

= Type5

Example Review Comment:

The proposed structure includes nonparallel system irregularities as defined by Table
12.3-1 of ASCE 7-16. Please confirm that the orthogonal combination procedures
defined in Section 12.5.3 of ASCE 7-16 have been incorporated.

Q VI - Soft Story:

SF Mandatory Soft Story
Program

West Coast Code Consultants, Inc. ©

Building Configuration

Refer to ASCE 7-05 Table 12.3-2

—‘ “— Sliff resisting elements

» Soft story stiffness < 70% story slifiness above
< 80% [average story stiffness of 3 stories above]

« Dynamic analysis required for SDC D, E and F structures {ASCE 7-05 Table 12.6-1)

37
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Building Configuration

Refer to ASCE 7-05 Table 12.3-2

O V2 - Weight (Mass):

= Effective mass of any story ‘ﬁ‘ —|{—_h:‘
> 150% of adjacent story 1P iy mnn vv

o | &

—
.| — 1l

» Story mass > 150% adjacent story mass
(A roof that is hghter than the floor below need not be considered)

» Dynamic analysis required for SDC D, E and F structures (ASCE 7-05 Table 12.6-1)

_[

—

75

Building Configuration

Refer to ASCE 7-05 Table 12.3-2

U V3 = Vertical Geometric:

T

i

=

» Horizontal dimension of lateral force-resisting system in story
> 130% pf that in adjacent story

» Dynamic analysis required for SDC D, E and F structures (ASCE 7-05 Table 12.6-1)

West Coast Code Consultants, Inc. © 38
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Building Configuration

Refer to ASCE 7-05 Table 12.3-2

U V4 - In-Plane Discontinuity:

= In-plane offset of vertical SFR 5 _||
element resulting in overturning |
demands on supporting elements

" Siiff resisting slaments

Section 12.3,3.3)

/o)
Y

e In-plane offsel of lateral-force-resisting elements > langths of thase atements or
reduction in stiffness of resisting elements in story below

» Required strength of columns supporting discontinuous vertical elements {ASCE 7-05

Load combinations with overstrength factor (ASCE 7-05 Section 12.4.3.2) must be usad
{12+ 025550+ Qs + L +0.25
{0.9-0.2555)0 + Qe + L + 1.6H
» Note special detailing requirements in materials chapters

« In SDC D, E and F design forces determined from Section 12.8.1 shall be increased 25%
far connections of diaphragms to vertical elements gr:d o c_oller_lors. and for connectors of
callector o vertical elements (ASCE 7-50 Section 12.3.3.4)

77

Building Configuration

O V5 —Weak Story:
Refer to ASCE 7-05 Table 12.3-2
Stiff resisting elements

B EED

= =
11

Weak story h ‘
1

» "Weak story" lateral strength < 80% laterals strength above story
Lateral strength = total strength of seismic force-resisting elements
Shearing story shear for direction under consideration

= Shall not be permitted in SDC E and F (ASCE 7-05 Section 12.3.3.1)

West Coast Code Consultants, Inc. ©
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Building Configuration

U Do vertical irregularities exist?
= Types la, Ib,2 & 3 > Dynamic analysis required

= Type 4

Example Review Comment:

The proposed structure includes in-plane discontinuity irregularity as defined by Table
12.3-2 of ASCE 7-16. Please confirm that the requisite forces were increased as
required by Section 12.3.3.4 of ASCE 7-16.

= Type 5a = Not allowed in SDC ‘E-F

= Type 5b = Not allowed in SDC ‘D-F’ & limited to 2 stories (w3
wp3

Building Configuration

U Redundancy:

= |f a structure’s lateral resistance is concentrated in only one or a few
elements, the structure will not have any residual strength if these elements
are seriously damaged, and it could collapse.

= If a structure is redundant, a relatively large number of elements participate
in providing lateral resistance and, if only a few are badly damaged, the
remaining elements may have adequate residual strength to prevent
collapse.

= Redundancy (p) is either 1.0 or 1.3 and must be considered in each of two
orthogonal directions.

West Coast Code Consultants, Inc. ©
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Building Configuration

U Redundancy (cont.):

There are several conditions for which the redundancy factor, p, is
permitted to be taken as 1.0, including for structures in SDC B and C, for
drift calculations, for non-structural component forces, collectors,
overstrength load combinations, and diaphragms.

For structures assigned to SDC D-F, p must be taken as I.3 unless one of
two conditions are met. If one of the conditions is met, p is permitted to be

taken as 1.0.
‘WL‘B

U Redundancy (cont.):

Building Configuration

Method I: Removing an individual
element (brace, beam-to-column
connection, shear wall or wall pier, and
cantilever column) of the SFRS does not
decrease the story strength by more than
33% and does not trigger an extreme
torsional irregularity.

Method 2: The structure must have two
bays of SFRS perimeter framing on each
side of the structure in each orthogonal
direction.This method is only permitted for 3
structures with no horizontal irregularities. w3 @

West Coast Code Consultants, Inc. ©

41



2024 WABO Institute

3/27/2024

Building Configuration

0 A comment was made noting that forces needed to be

was provided. Is the response acceptable?

forces for offset walls have already been increased.

increased for a vertical irregularity. This was the response that

S4.12.3.3.3 and 12.3.3.4 in the ASCE 7-16 states for shear forces to be increased by 25% for
vertical structural irregularity connections. Our calcs increase the shear forces by 30% due to our
redundancy factor 1.30 (see page 7 of the structural calculations package). Thus, the shear

Materials

That will be most of this
course.

3) Wood
4) Concrete
5) Masonry
6) Steel

West Coast Code Consultants, Inc. ©

TMS 402/602-16

Building Code Requirements
and Speciication for
Masonry Structures

42



2024 WABO Institute 3/27/2024

Construction Documents

O IBC 107.2.1: “...shall be of sufficient clarity to indicate the location,
nature and extent of the work proposed and show in detail that it will
conform to the provisions of this code... as determined by the B.O.”

—,POST TBD 4— BEAM TBD

Construction Documents _

L Shall show size, section & relative location of
structural members with floor levels, column
centers and offsets dimensioned. (IBC 1603.1)

U Load information must be provided.

Daal W Soca;

West Coast Code Consultants, Inc. © 43
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Construction Documents

IBC 1603.1.1 & 1603.1.2: Floor/Roof Live Loads
= Verify live loads based on use = IBC Table 1607.1

TABLE 1607.1
MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, L, AND CONCENTRATED LIVE LOADS
ALSD
OCCUPANCY DR USE UNIFORM CONCENTRATED SEE
(psf) {pounds) SECTION

International Code Council, 2021 IBCO

50 2000
100 2,000
1 150°
(1
wntrol rooms 50
1Ky
100

1508
100¥

10Xy

|f-\-‘- M'\In.l..'!l. 6l o %‘3

5. | Bakeonies mnd decks

Construction Documents

Compare to architectural plans...

= " - ; - -

West Coast Code Consultants, Inc. © 44
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Construction Documents

cATEGORY

ncil, 2021 IBCO

Risk Category:
O IBC Table 1604.5 i S |
O Table 1.5-2,ASCE 7-16 '

International Code Coul

Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow lce Importance lce Importance Seismic
Category from Importance Factor— Factor—Wind, Importance
Table 1.5-1 Factor, I, Thickness. I (= Factor, I,
1 080 0,80 1.00 1.00

1 1.00 1.00 1.00 1.00
1 110 1.15 1.00 1.25
v 1.20 1.25 1.00 1.50

Construction Documents

Risk Category: What is the risk category for a...?

U Elementary school

Retail greenhouse What would this apply to?

Restaurant
Woarehouse

Single-family home

Apartment complex Risk Category =15

(I I Iy Ny I

;

West Coast Code Consultants, Inc. © 45
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Risk Category 1- Low Risk
Type of Construction: VB

Total Square Footage: 4400 Sq. Ft.
Shop Area Square Footage: 3800 Sq. Ft. Occupancy Classification F-1 Occupant Load 38
Office Area Square Footage: 600 Sq. Ft. Occupancy Classification B Occupant Load 4

Construction Documents

IBC 1603.1.3: Snow Loads

= The following should be provided:
Ground Snow Load (P,)

Flat-roof Snow Load (Py)

Snow Exposure Factor (C,)

Thermal factor (C))

Snow Importance Factor (l,)

Drift Surcharge Loads (P,) and width (w)

O._ 0'g O oM@ “O

i

' a&R .' ™ ) N B _ep :
4 Go B % 3
Cle Elum \

i
e

>

West Coast Code Consultants, Inc. ©
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WABOI/SEAW White Paper:

= SEAW “Snow Load Analysis for
Washington”, 1995, 2d Edition, or-...

Construction Documents

WHITE PAPER 8-2021

= ASCE7

* Low-Lying Areas of Western Washington
o  P;=25psf min. e
o Snow drift analysis not required T
o Rain on snow should be considered

(0]

Og O OME

Construction Documents

IBC 1603.1.4: Wind Design Data
= The following should be provided:

Basic Wind Speed

Risk Category

Wind Exposure

Internal Pressure Coefficient

Component & Cladding Pressures &
Applicable Zones with Dimensions

West Coast Code Consultants, Inc. ©

B5{42)

_ 100(45)

105{4T)

uncil, 2021 IBCO

International Code Cot
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Construction Documents

WABOI/SEAW White Paper:

= SEAW “ASCE 7 Special Wind Regions in
Washington State”, 2023

Risk Category (MRI) B“'S‘;:'::;::: el
1 {100 years] 115
11 {700 years) 120
111 {1700 years) 130
IV (3000 years) 140

Table | ~Recommended SWR Wind Speeds Along Washington s Pacific Coast

Construction Documents

IBC 1603.1.5: Earthquake Design Data

= The following should be provided:
Risk Category

Seismic Importance Factor (1)
Mapped Accelerations (S, S;)

Soil Site Class*

Design Accelerations (Spg, Sp)*
Seismic Design Category

O._ 0'g O oM@ “O

West Coast Code Consultants, Inc. ©

2001 Nisqually Earthquake
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Construction Documents

U Soil Site Class

= IBC 202: “A classification assigned to a site based on the types of soils present
and their engineering properties as defined in Section 1613.2.2.”

= |IBC 1613.2.2: “The site shall be classified as Site Class A, B, C, D, E or F in
accordance with Chapter 20 of ASCE 7.”

American Society of Civil Engineers, ASCE 7-160
Table 20.3-1 Site Classification
Site Class Wor N,
=5.000 fifs NA NA

2.500 1w 5.000 fifs
L 2,500 fuls

>2.000 b/’
1,000 1o 2,000 Ib/fi*

<1000 Th/f?

ws /ft
v
1
jowing charactenstics ;

Construction Documents

= Follows ASCE 7-22 provisions

West Coast Code Consultants, Inc. ©

WABOI/SEAW White Paper:
= SEAW *“Voluntary Use of Multi-Period
Response Spectra for Determination -
of Seismic Hazard”, 2022 o
= Sections 1613.4.3 —1613.4.6 of e e
amendments

49
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Construction Documents

0 How many of you verify ground motions, wind, or snow?

= Multiple options, such as ...
o ATC Hazards by Location (seismic, wind, snow, tornado)
o SEAOC Seismic Design Map Tool (seismic only)
o ASCE 7 Hazard Tool (seismic, wind, rain, flood, ice, snow & tsunami

* The others are fading out with the introduction of ASCE 7-22.
=  For that reason, we will use the ASCE 7 Hazard Tool as an example.

7

https://ascehazardtool.org

Construction Documents

ASCE HAZARD TOOL

™

https://ascehazardtool.org

oooOm s &=
-]

West Coast Code Consultants, Inc. © 50
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West Coast Code Consultants, Inc. ©

Analysis Procedure Used
Are all systems listed?

Construction Documents

IBC 1603.1.5: Earthquake Design Data (cont.)

= Additional items...

Basic Seismic Force-Resisting System(s)
Design Base Shear(s)
Seismic Response Coefficient(s), Cg
Response Modification Coefficient(s), R

] Design Seismic Loads:

Seismic Importance Factor, | = 1.0

Risk Categary = I

5% Damped Spectral Response Acceleration Parameter, S = 1.027

1-sec Period Spectral Respanse Acceleration Parameter, S, = 0.810

Site Class = F

5% Damped Spectral Response Coefficient, Spg = 0.685

1-sec Perod Speciral Response Coefficient, S, = 1.517

Sasmic Design Category = D

Seismic Force Resisting System = Bearing Wall, Intermediate Precast Shear Walls
Response Modification Factor, R = 4

Seismic Force Resisting System = Stesl Special Concentrically Braced Frames
Response Modification Factor, R = 8

Seismic Response Cooficient, C, = 0.171 (for R=4)

Analysis Method = Equivalent Lateral Force Procedure

Design Base Shear (V) = 0.1T1 W (0,120 W Sendca)

3

102
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Construction Documents

O IBC 1603.1.6: Geotechnical Information
* Do the plans properly reference the
geotechnical report and all applicable
addendums?
= If significant foundation preparation is required, o e
is it also noted clearly on the plans? e, R : il

We should take the time to review
the geotechnical report carefully!

WO SCALE

TYF‘ICAL COMPACTED STRUCTURAL FILL

103

Construction Documents

Q IBC 1603.1.7: Flood Design Data
= |s the project located within a flood hazard area?
o Flood Zones A orV - Within FHA
= |s all appropriate flood documentation provided?

West Coast Code Consultants, Inc. ©
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Construction Documents

IBC 1603.1.8: Special Loads

= This could include items such as...
o PV systems
o Machinery
o Pools/spas
o Etc.

Construction Documents

U IBC 1603.1.9: Rain Load Data

* The rain intensity (in/hr) must be listed regardless of whether rain loads
govern the design.

West Coast Code Consultants, Inc. ©
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Summary

U Gravity Load Path
= Need to verify all appropriate loads are considered.
= Are there any special load conditions?
= |s a complete gravity load path provided?

U Lateral Load Path
= Connections-Connections-Connections!
= Are all LFRS defined and appropriately considered?
= Are there structural irregularities?
* |s redundancy provided!?

West Coast Code Consultants, Inc. ©

107
Summary | |
1 i .!ﬁ.- [ 1 J
U What do you think of these? =
o i
II. Please provide a complete lateral load path from the floor into the she.a'} walls per ASACE-?—'
16 §12.1.3. :
Lateral load path defined in design calculations. No further explanation required.
T S T S S ik P L Y
SHEAR WALL DETAIL /=
108
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PART 3

Wood-Framed Construction

Codes/Standards
IBC

INTERMATIONAL | i

BUILDING £ Minimum Design Loads and

cope o Assaciated Criteria for
Buildings and Other Structures

International Code Council, 2021 IBCO American Society of Civil Engineers, ASCE 7-16©

West Coast Code Consultants, Inc. © 55
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Resources

Design for

Codé Acceptance

2021 Code
Conforming |
Wood Design
and the IBC

CTION MANUAL
2020 NEHRP Recommended Seismic
Provisions: Design Examples, Training
Materials, and Design Flow Charts

& FEMA | @hin

American Wood Council, 2021 Code American Wood Council, 2018 WFCM Guide© American Wood Council, 2013 DCA 5© FEMA P-2192-V1, Design Examples©
Conforming Wood Design©
S ;

IBC Requirements

Q IBC Chapter 23 IBC

INTERNATIONAL
BUILDING
CODE

* Provides requirements for wood materials, wood
design, construction and quality of wood members and
their fasteners.

= Compliance Paths (IBC 2302.1):
o Allowable Stress Design (ASD)
Load & Resistance Factor Design (LRFD)

o Conventional Light-Frame Construction
o AWCWood Frame Construction Manual (WFCM) N
(@) ICC 400 for Log Structures International Code Council, 2021 IBCO
wp>
%-3 et
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IBC Requirements

U IBC 2303 - Material Specifications

* Provides manufacturing standards, specification criteria, and use applications
for wood products.

* Includes:

Structural sawn lumber Structural composite lumber
Timber poles and piles

Rim board

Wood trusses

Fiberboard sheathing
Hardboard siding
Particleboard

End-jointed lumber
I-joists

Glued-laminated timber Preservative-treated
Fire-retardant-treated Joist hangers

Nails & staples

;

Cross-laminated timber
Wood structural panels

O ~OErE, LO # 6 110
O 0= OIT1 © 1101 R
[ofy K OI(C),. © e

Structural log members

113
IBC Requirements
Q IBC 2303.2 - Fire-Retardant-Treated Wood
= Must be tested per ASTM E84 or UL 723
U The use Of Pa.ints, Coating, Stains, or Surface treatments are not aPPrOVEd
= Strength adjustment is required!
Table 3: Flame Tech Treated Lumber Adjustment Factors When Used at or Near Room B
Temperatures s
Lumber Treatment Adjustment Factors "'~ E
Property SPF Southemn Pine Douglas Fir | Other Wood E
Species ®
Bending MOR 0.95 0.82 1.00 0.82 &
Bending MOE 1.00 0.87 0.99 0.87 .:_g
Tension Parallel 1o Grain 0.95 0.98 1.00 0.98 5
Shear Parallel to Grain 1.00 0.95 1.00 0.95 S
Compression Parallel to Grain 0.96 0.96 0.96 0.96 ‘s %3
Compression Perpendicular to 0.95 0.95 0.96 0.95 é 3 ——
Grain " c %‘ 5
Fasteners / connectors 0.90 0.90 0.90 | 0.90 R
114

West Coast Code Consultants, Inc. ©
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Must be labeled (IBC 2303.2.4)
Code Compliant Fire Retardant Wood Stamps
Interior Fire Retardants Exterior Fire Retardants
O ¢r BrRAND/LOGO e ©¢R BRAND/LOGO .
QABC Treating AGENCY NAME/LOGO 0 nc Treating AGENCY NAME/LOGO
Anywhere, USA (5] Anywhere, USA @FLAME SPREAD 25
FLAME SPREAD 25
(3] Douglas Fir opro:ess O © Hem-Fir Process Standard or ESR Report
ESR Report O o increase in the listed
4] KDAT (4] KDAT classification when subjected to
Standard Rain Test JASTM D2898}
{1 product name/logo e Approved inspection (1 N product name/logo O Flame spread/smoke
(2] Treating manufacturer apency narie or logo (2] Treating manufacturer OevEiopec indexTating
© Wood species @ Flame spread/smoke © Wood species @ Referenced standard
deveioped Index rating © Referenced rain test
(4] Drying method @ Rofesanced standard (4] Drying method
© Approved inspection
agency name or logo %.3
Western Wood Preserver’s Institute, www.fireresistant wood.org 2 _,@%. ——
115
IBC Requirements
Q IBC 2304.10.1 — Connection Fire-Resistance Rating
= This only applies to Type IV-A, IV-B, and IV-C
= Connection should be part of fire-resistance assembly test, or...
= Engineering analysis showing that the temperature rise is not more than...
o 250°F on average for duration of rating, and...
o 325°F maximum for duration of rating
o Must consider connectors, fasteners, and wood members that are part of connection
in the analysis
116
West Coast Code Consultants, Inc. © 58
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O IBC 2304 - General Requirements

IBC Requirements

Wall & floor framing should comply with IBC 2308.
Bottom plates = Minimum 2x and same width as studs

Framing over openings = Adequate size to transfer
loads to vertical members

Connectors in preservative-treated or fire-retardant
—> galvanized, stainless steel, silicone bronze or copper.
(Staples shall be stainless steel.)

Load path (IBC 2304.10.6) > Members shall be secured

Wood columns and posts shall have full end bearing and shall
resist lateral and uplift forces.

West Coast Code Consultants, Inc.©

;
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IBC Requirements

U Nailing Definitions

Face Nail ...

Toenail

End Nail

Edge Nailing N
Field Nailing
Boundary Nailing '

West Coast Code Consultants, Inc. ©

| SEE ARCH ~— BN

— ROOF SHEATH.
- SEE GSN
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Exterior sheathing attachment

MAXIMUM ALLOWABLE STRESS DESIGN WIND SPEED,
WOOD STRUCTURAL PANEL WALL SHEATHING USED TO RESIST WIND PRESSURES™ ™ *

TABLE 2304.6.1

asndl

V... PERMITTED FOR

MINIMUM MINIMUM PANEL NAIL MAXIMUM ALLOWABLE STRESS
MINBAUM NAIL WOOD NOMINAL | MAXIMUM SPACING DESIGN WIND SPEED, V,,,* (MPH)
STRUCTURAL | _ PANEL | WALLSTUD N Spams Al
Size Penetration | paNEL SPAN THICKNESS Edges Field
(inches) RATING (inches) (inches) | (inches o.c) | (inches o.c.) B c D
24/0 Yy 16 (] 12 110 90 85
6d common 15
(2.07 = 0.113") "~ ; 12 110 100 90
24/16 i 16 6
6 150 125 110
12 130 110 105
® . 6 150 125 110
8d cf:rmmnn . 175 24116 ”, = 23 .
(2.5 % 0.1317) : 12 110 90 85
24 6
6 110 90 85
International Code Council, 2021 IBCO
wg>

Diaphragm sheathing

TABLE 2304.8(3)

ALLOWABLE SPANS AND LOADS FOR WOOD STRUCTURAL PANEL SHEATHING AND

SINGLE-FLOOR GRADES CONTINUOUS OVER TWO OR MORE SPANS WITH STRENGTH AXIS PERPENDICULAR TO SUPPORTS"

g

b

SHEATHING GRADES ROOF® FLOOR*® i

Panel span rating roof/ Panel Maximum span (inches) Load"{psf) Mavk span E

fioor span (inchas} With edge support” Without edge support Total load Live load (inches} %

16/0 16 16 40 30 e

2010 i 20 20 40 30 ‘E

24/0 ' 24 20' 40 30 £
24/16 W 24 24 50 40
32/16 32 28 40 30

40/20 40 32 40 30 20¢"
48/24 48 36 45 i5
54/32 54 40 45 i5
60/32 6l 48 45 35
SINGLE FLOOR GRADES ROOF® FLOOR®
——— Panel Maximum span (inches) Load"(psf) span
(inches) With edge support” Without edge support Total load Live load (Inches)
16 o.c. 24 24 50 40
20 o.c. 32 32 40 30 200

24 o0.c. 48 36 i5 25
32oe e 1 48 40 50 40
48 o.c. 6l 40

West Coast Code Consultants, Inc. ©
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Roof sheathing

TABLE 2304.8(5)

ALLOWABLE LOAD (PSF) FOR WOOD STRUCTURAL PANEL ROOF SHEATHING CONTINUOUS
OVER TWO OR MORE SPANS AND STRENGTH AXIS PARALLEL TO SUPPORTS
(Plywood structural panels are five-ply, five-layer unless otherwise noted)®

PANEL GRADE THICKNESS (inch) MAXIMUM SPAN (inches) SORD AT MAXMUMISFAN (p51)
Live Total
T 24 20 30
5. 24 a5 45°
Structural | sheathing 24 40" 50
24 70 80
24 90 100
16 40 50
157, 24 20 25
Sheathing, other grades covered ' 24 25 30
in DOC PS 1 or DOC PS 2 o, 25 4 e
l 24 a5 55"
24 60" 65"

International Code Council, 2021 IBCO

w3

121

4| connections defined

TABLE 2304.10.2
FASTENING SCHEDULE

DESCRIPTION OF BUILDING ELEMENTS

NUMBER AND TYPE OF FASTENER®

I

SPACING AND LOCATION

Roof

1. Blocking between ceiling joists, rafters or trusses

1o top plate or other framing below

4-8d box (2'/," x (L113"); or
3-8d common (2'/," x 0.131"); or
3-10d box (3" x 0,128"); or

3-3" x 0.131" nails; or

3-3"14 gage staples, /" crown

Each end, toenail

Blocking between rafters or truss not at the wall

top plate, to rafier or truss

2-8d common (2'/," x 0.131")
2-3" % 0.131" nails
2-3" 14 gage staples

Each end, toenail

2-16 d common (3'/," x (1.162")

3-3" % 0.131" nails End nail
3-3" 14 gage staples
16d common (3'/," % 0.162") @ 6" o.c.

Flat blocking 1o truss and web filler 3" % 01317 nails @ 6" o.c. Face nail

3" % 14 gage staples @ 6" o.c

International Code Council, 2021 IBCO

2

. Ceiling joists to top plate

3. Ceiling joist not attached to parallel 1
over partitions (no thrust) (see Sectio

Table 2308,7.3.1)

Remember the load path!
#1: Eave blocking to top plate, toenail (3-8d)
Top plate to top plate, face nail (16d @ 16”0.c.)
Bottom plate to blocking, face nail (2-16d)

#i12:
#15:

4. Ceiling joist attached to parallel rafter (heel joint)
(see Section 2308.7.3.1, Table 2308.7.3.1)

Per Table 2308.7.3.1

Face nail

West Coast Code Consultants, Inc. ©
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IBC Requirements

O IBC 2304.3.3 - Shrinkage:

*  Wood walls supporting > two floors and a roof must provide an analysis of
the potential shrinkage.

:E-'

IBC Requirements

. '
Q IBC 2304.3.3 — Shrinkage: sl
. dimensional
* The analysis should show that stability g

the shrinkage will not cause an _
adverse effect on the... — %
o Structure *
o MEP equipment and systems mﬂ::nz'm 9y 13"
o Roof drainage

>

Zone of

dimensional g
stability ( ut'B
v

West Coast Code Consultants, Inc. © 62
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IBC Requirements

O IBC 2304.3.3 - Shrinkage:

Example Review Comment:

No calculations were included for the analysis of wood shrinkage in the proposed

structure. Per IBC 2304.3.3, a wood-framed structure supporting the framing of more
than two floors and a roof must provide an adequate shrinkage analysis to the building
official. Please provide a satisfactory analysis.

= Shrinkage Calculators:
http://www.strongtie.com/webapps/woodshrinkage/

http://www.cwc.ca/dimensioncalc/

1

it

5.
fi,

IBC Requirements

WABOI/SEAW White Paper:

SEAW “Threaded Rod Holdown Systems in
Wood Frame Buildings”, 2023

Plan view locations of shear walls and holdowns,
Cumulative tension loads per story

3. Compression loads per story, including lumber grade and story wall heights.
4.

Building shrinkage and consolidation allowances per story to determine the amount of travel
required by the shrinkage compensating devices.

Rod system deformation limit (if required)

A requirement for the holdown submittal to be stamped by a registered design professional

For holdown specific system criteria, the following list of items must be provided on the plans:

L]
4
5
6
-
L

1.

2. Specify the holdown system and approved alternates.

Plan view locations of shear walls and holdowns,

3. Specify rod diameters and steel material grade

Specify bearing plate requirements.

5. Specify compression posting.

Specify shrinkage devices and couplers

. Rod system deformation limit (if required).

Fire-Retardant Wood Treatment (FRT) design value adjustment factors

West Coast Code Consultants, Inc. ©

ARDEEAN

Ligivon Commitee

WHITE PAPER 9-2023

Tommitiee Miskes Slairmat
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IBC Requirements

O IBC 2304.11 — Heavy Timber
*= Minimum dimensions per Table 2304.1 |

= Columns shall be continuous or superimposed throughout all stories and
appropriately connected.

= Approved wall plate boxes or hangers shall be used for members resting on
concrete or masonry walls.

= Exterior walls may consist of 4-inch CLT. (WA - 3.5”)
= Interior walls: Solid wood, 4-inch CLT, or |-hour construction (WA - 3.5”)
* Floors and roofs shall not have concealed spaces.

* 4-inch CLT floors and 3-inch CLT roofs are permitted. (WA - 3.5” & 2.5%)

Minimum Dimensions

TABLE 2304.11

MINIMUM DIMENSIONS OF HEAVY TIMBER STRUCTURAL MEMBERS

MINIMUM NOMINAL
SOLID SAWN SIZE

MINIMUM GLUED-
LAMINATED NET SIZE

MINIMUM STRUCTURAL
COMPOSITE LUMBER NET SIZE

SUPPORTING

HEAVY TIMBER STRUCTURAL
ELEMENTS

Width, inch Depth, inch

Width, inch

Depth, inch

Width, inch Depth, inch

Floor loads only
or combined floor
and roof loads

Columns;

Framed sawn or glued-laminated
timber arches that spring from the
floor line;

Framed timber trusses

Wood beams and girders

10'/,

Roof loads only

Columns (roof and ceiling loads);
Lower half of: wood-frame
or glued-laminated arches
that spring from the floor
line or from grade

Upper half of: wood-frame

or glued-laminated arches

that spring from the floor
line or from grade

6

Framed timber trusses and other
roof framing; *
Framed or glued-laminated
arches that spring from the top
of walls or wall abutments

West Coast Code Consultants, Inc. ©

International Code Council, 2021 IBCO
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IBC Requirements

O IBC 2304.12 — Naturally Durable or Preservative-Treated
* Joists & Girders: |8-inches & |2-inches from exposed ground
= Exterior Foundation Walls: < 8-inches from exposed earth
= Sleepers & Sills: Sleepers or sills on slab in contact with earth
*  Wood Siding: < 6-inch clear of earth, or < 2-inch clear to concrete
= Posts or columns supported by concrete in direct contact with earth
= Structural supports exposed to weather.
= Structural members supporting moisture-permeable floors*
* Heavy termite hazard - crawlspace floors and decks/balconies

3

129

IBC Requirements

Q IBC 2304.12.2.5 — Supporting Members of Permeable Floors

=  |Lumber reduction for incised lumber

West Coast Code Consultants, Inc.©

= Fasteners shall be galvanized or
stainless steel

= Required unless impervious floor
covering

West Coast Code Consultants, Inc. © 65
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IBC Requirements

O IBC 2305 - Lateral Force-Resisting Systems
= Designed per AWC SDPWS

* Also provides optional diaphragm and shear wall b BV W
deflection calculations for staples. ORWIND AND SEIS

American Wood Council, 2021 SDPWS©

7

131

IBC Requirements

O IBC 2306 - Allowable Stress Design

O IBC 2307 - Load & Resistance Factor Design
= Per AWC NDS and AWC SDPWS

American Wood Council, 2021 SDPWS©

West Coast Code Consultants, Inc. © 66
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IBC Requirements

O IBC 2308 - Conventional Light-Frame Construction

< 10 FT. FROM EDGE FASTEM
=  Remember 2304 refers to 2308 for wall OF BRACED VALl ST sETvEEN BRACING MATERAL
. o« o WALL BRACE ¥ OF WALL BRACES Iuv’ TABLE RE02.3-1
and floor framing provisions = .

* Includes story and allowable floor-to-floor
height limitations

= Provides braced wall provisions, but
numerous limitations.

STUDSS 1IN, 0. C BLOCK PANEL EDGES TO
MANTAIN FASTENER SPACING

Dream Home Consultants, LLC, 2011©

7

133

IBC Requirements

U IBC 2309 — Wood Frame Construction Manual

= Alternative to SDPWS and IBC 2308
= Limited to Risk Category | or Il only

= Several limitations and load
assumptions included

WOOD FRA

American Wood Council, 2018 WFCM©

West Coast Code Consultants, Inc. © 67
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IBC Requirements

U IBC Chapter 17 - Special Inspections

Should be included in Statement of Special Inspections
(IBC 1704.3)

What information must be provided in an SSI?
Wood Construction (IBC 1705.3):

o High-load diaphragms

o Trusses spanning > 60-feet

o Mass timber construction (IBC Table 1705.5.3)
Structural Wood (IBC 1705.12.1 & 1705.13.2):
o Shear walls, diaphragms, braces & holdowns (s4”o.c.)

Sealing of Mass Timber (IBC 1705.20)

IBC

INTERMATIGONAL
BUILDING
CODE

IBC Requirements

TABLE 1705.5.3
REQUIRED SPECIAL INSPECTIONS OF MASS TIMBER CONSTRUCTION

Q
o
=
S
TYPE CONTINUOUS PERIODIC S
SPECIAL INSPECTION | SPECIAL INSPECTION =z
2
L !I.n.t.pcn:li_un of anchorage and connections of mass timber construction to timber deep o X §
foundation systems. 2
. . - o
2. Inspect erection of mass timber construction, — X T
S
3. Inspection of connections where installation methods are required to meet design loads. s
= - - = = - g
Verify use of proper installation equipment. — X £
. Verify use of pre-drilled holes where required. — X
Threaded fasteners = p !
Inspect screws, including diameter, length, head X
type, spacing, installation angle and depth.
Adhesive anchors installed in horizontal or upwardly inclined orientation 1o resist X
sustained tension loads. ;i
Adhesive anchors not defined in preceding cell. — X
Bolted connections. — X
Concealed connections, = X

West Coast Code Consultants, Inc. ©
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SDPWS Requirements

U Standard Layout
= Chapter | — Designer Flowchart
= Chapter 2 — General Design Requirements
=  Chapter 3 — Members & Connections
= Chapter 4 — LFRS **
= Appendix A — Fastener Provisions

American Wood Council, 2021 SDPWS©

https:/lawc.org/publications/202 | -sdpws]/ 5
w &

137

uncil, 2021 SDPWS©

k4
d C

Wood Col

American
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O Uplift Load Path (§3.4):

= A continuous load path, or paths, with
adequate strength and stiffness shall be
provided to transfer all forces from the
point of application to the final point of |
resistance. B

Q §4.1.1 repeats this requirements
for the lateral load path.

SDPWS Requirements

U General Lateral Provisions (§4.1)

= Shall meet applicable drift, deflection, and
deformation requirements of the IBC.
= Shear Capacity:
o Seismic 2> §4.1.4.1
o Wind > §4.1.42
= Shear Walls & Diaphragms:
o Diaphragms = §4.2 (CLT > §4.5)
o ShearWalls 2 §4.3 (CLT 2 §4.6)
o  Shear Walls where sheathing resists uplift > §4.4

West Coast Code Consultants, Inc. © 70
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SDPWS Requirements

l l [ Ll/M — PURLINS ® &' 0C.
] il lll

U General Lateral Provisions (cont.) o i RS
= Deformation of each element shall be . Rimeowanis
compatible with other LFRS elements. [ ¥
Boundary elements required to transfer 3 .=

SUBDIAFHRAGM 2
60 X120

shear wall and diaphragm forces.

~1_||™— susme sPuce

*  Wood-frame systems should not be used 5 1]

to resist seismic forces from masonry or |

I

I

| I ;\n|=40’3LB}Ff

concrete walls over |-story.
= Anchorage of concrete or masonry walls

120" DIAPHRAGM AND
SUBDIAFHRAGM SPAN

West Coast Code Consultants, Inc. ©

to wood diaphragms = Provided with PLAN
continuous ties or struts between
diaphragm chords to distribute the wall
anchorage forces. ‘ %‘3
141
SDPWS Requirements
U General Lateral Provisions (cont.) Flexible v. Rigid
= Horizontal Distribution: W , |
!
= Flexible :
o Diaphragm loads distributed to shear walls stffness | 2 . x
h b)’ trlbutary dicd Flexible | .25wL S0wL .25wL
a ngld Rigid (nof sowL .20wL A0wL
o Diaphragm load is distributed to vertical LFR {beslon)
elements based on their stiffness U2 U2
= Semi-rigid
o Distributed based on relative stiffness of T e e
diaphragm and vertical LFR elements
wy>
142
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[ J
SDPWS Requirements
U General Lateral Provisions (cont.)
= ASCE 7-16 provisions (§ 12.3.1):
= Flexible assumption allowed if...
o Steel or concrete frames
o Concrete, masonry, or steel shear walls
o One- and two-family dwellings
o Light-frame construction and...
Topping is limited to |.5-inches
Vertical LFRS comply with allowable story drift
= Rigid assumption allowed if concrete slabs or concrete-filled metal deck
with span-to-depth ratio of 3 or less and no horizontal irregularities. =
N
143

SDPWS Requirements

U General Lateral Provisions (cont.)
= Vertical distribution of shear

= Shear wall and diaphragm boundary elements
shall be provided to transfer lateral forces.

=  Toe-nailed connections shall not be used in
SDC “D-F” for > |50plf (ASD)

West Coast Code Consultants, Inc. ©

Base Shear

72



2024 WABO Institute 3/27/2024

SDPWS Requirements

U Wood-Frame Diaphragms (§4.2)
= Aspect Ratio:

Table 4.2.2 Maximum Diaphragm Aspect Ratios
(Flat or Sloped Diaphragms)

Sheathed Wood-Frame Maximum

Diaphragm Assemblies L/W Ratio

Wood structural panel, unblocked 3:1

Wood structural panel, blocked 4:1

Single-layer horizontally-sheathed lumber 2:1

Single-layer diagonally-sheathed lumber 3:1 w3
Double-layer diagonally-sheathed lumber 4:1 w3 g

American Wood Council, 2021 SDPWS©

145

Figure 44 Examplas of Opoen Front
Structures

Man Views J— Sheu Wil Canplevered Disghisgm
e e e

SDPWS Requirements = -

U Wood-Frame Diaphragms (§4.2) ._. "
= Open Front Structures: i
= L'/W’ ratio limited to 1.5:1.0

* Loading parallel to open side >
modelled as rigid or semi-rigid

= Cantilevered diaphragm length < 35-feet
= Exception: 6-foot cantilever allowed

American Wood Council, 2021 SDPWS©

Example Review Comment:

Please verify that the requirements of Section 4.2.6 in AWC
SDPWS for “open front structures” have been met at
locations where the roof diaphragm cantilevers beyond the
lateral resisting elements.

West Coast Code Consultants, Inc. © 73
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SDPWS Requirements

U Wood-Frame Diaphragms (§4.2)
* General:
o Panels 2 4x8’ except at boundaries & changes in framing
o Panel minimum dimension 2 24-inches unless edges are supported
o Nails shall be = 3/8-inch from panel edges
o Nailing:
*  Edge spacing < 6-inches (same at intermediate framing members & blocking)
*  Field spacing < |2-inches (6-inches if support spacing 48-inches)
=  Unblocked = Table 4.2C
* Blocked - Table 4.2A

= High-Load - Table 4.2B & Figure 4C gwr;

147

Capacity is not dependent on panel orientation,
but on loading direction and direction of framing.

Diaphragm Cases

Cases 1&3: Continuous Adjoining Cases 2&4: Continuous Adjoning Panel Cases 5&6: Continuous Adjoining
Panel Edges Perpendicular to Framing | Edges Parallel to Framing Panel Edges Perpendicular and Parallel
1o Framing
Long Panel Framing iy
Direction Cose 2 Blocking Cose 5 -
Perpendicular Load % Load :
o Supports Hi bidd
» . J
9 F
-
i R
Long Panel Framing Framing
Direction Case 2 Bl Cose 5 "
Parallel 10 od oad 3
Supports diid bhid
el o 0 VS 2§ 0
w Ue 1) continuous e
- gL
» | R
] | 1, 8 o -
i Conf Continuous adjsining
American Wood Council, 2021 SDPWS© %‘3 %

West Coast Code Consultants, Inc. © 74
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Table 4.2C Nominal Unit Shear Values for Sheathed Wood-Frame Diaphragms

Unblocked Diaphragms -2 Assume 7/16-inch OSB Structural | roof sheathing is specified

1
£
H
3
Unblocked Wood Structural Panel Diaphragms 2346 g
g
6 in. Nail Spacing at diaphragm boundaries 72
Minimum 5
Commen Nail Size® “lﬂsl'::r:nn:." ki ool 200 ppories par seges §
Sheathing Length (in.) x Shank Length in Nﬂ-::ld Nailed Fu;:::l Case 1 Cases 234,56 §
R I R Ry e R
X {in.) (pif) (kipsiin) (pif} (kipsfin) | S
fin.) . £
tn) 0SB PLY oss ey | £
Bd 114 516 2 480 9.0 7.0 350 6.0 45
(2 x 0.113 x 0.266) 3 520 7.0 6.0 390 45 4.0
8d 2 670 85 7.0 505 6.0 45
AU S (2-1/2.%0.131 x 0.281) o o 3 740 75 60 | 580 50 40
2 800 14 10 B00 95 7.0
-1 1
(3%0.148x 0.312) e N 3 85 12 90 | 670 80 60
518 2 420 9.0 6.5 310 B0 40
Bd 1474 3 475 T0 55 350 50 3.5
(220,113 x 0.266) 8 2 460 7.5 65 350 50 40
3 520 6.0 45 300 4.0 3.0
8 2 600 8.0 6.5 450 6.0 45
3 670 7.5 55 505 50 3.5
Sheathing and 8d 138 2 64_5 8.5 6.0 475 5.5 4.0
Single-Floor (2-1/2 x 0,131 x 0.281) ; e ; v
] Values listed are “nominal’.
i { * ASD 2 Dividing by 2.8 (Seismic); 2.0 (Wind)
112 —
(320.148 x 0.312) . . . . .
{1 * LRFD > Multiplying by 0.50 (Seismic); 0.80 (Wind)

149

Blocked Diaphragms

= Assume |5/32-inch blocked OSB Structural | roof sheathing

_Blocked Wood Structural Panel Diaphragms 2348

o
2
=
=
[=}

T 2
Nall Spacing {in.) at diaphragm boundaries (all cases), at continuous panel edges parallel to g
Minkmum Nall load (Cases 3 & 4), and at all panel ed| Cases 5 & 6] Y
" Bearing Minimum | Nominal Width of [ 4 2412 | 2 G
Sheathing amn';:'si:; Length in Nominal Nailed Face at 5
Grade dismeter (in) xHoad | rwid | Panel | Adioming Panel Nail Spacing (in.) at other panel edges (Cases 1,23, & 4) S8
diameter (in.) | [ 6 4 3 g
Blocking, (in) ! 3
. {in. Vi G Vi G. Vo G. Va G. =
{ l . _M (kips/in. ) M (kips/in.) (m (kipsdin.) 'ﬂﬂ (kips/in.) E
| 0SB PLY 0S8 PLY 0SB PLY 0SB PLY | §
Ba i & 2 820 18 12 | 700 &5 75 | w80 12z 10 | 1175 20 16 | &
{2%0.113 % 0.266) s i 3 | 590 12 o5 | 785 7o 80 |117s 95 85 |13 17 12
7] 2 755 14 11 | 1010 90 75 | 1485 13 10 | 180 21 15
bl (2-1/2 % 0.131 x 0.281) 3% i 3 B40 12 10 | 1120 75 &5 | 1680 10 80 | 1890 18 13
10d 112 1572 2 B85 24 7 1190 15 12 1780 20 15 2045 n 21
(3 %0148 x 0.312) 3 101020 15 | 1345 12 95 | 2015 18 13 | 2205 28 18
. 2 475 15 10 | 630 90 70 | %40 13 85 | 1085 21 13
1
Bd i g 3 | 530 12 90 | 700 70 60 | W65 10 BO | 1205 17 12
(2% 0.113 x 0.266) oy 2 820 13 95 | 700 70 60 | 1050 10 80 | 175 18 12
3 | 50 10 80 | 788 55 50 [ 1175 85 70 | 1330 14 10
kT 2 670 15 " 895 25 75 1345 13 95 1525 21 13
3 | 755 12 85 |10 75 60 |80 11 85 |70 18 12
Sheathing and Bd R = - z r r
Single-Floor (2-2x0.131 x 0.281) i s Val listed PP . I”
iz alues listed are nominal .
2| * ASD > Dividing by 2.8 (Seismic); 2.0 (Wind)
112
(3%0.148 X 0.312) : : : : :
wz| * LRFD - Multiplying by 0.50 (Seismic); 0.80 (Wind)

West Coast Code Consultants, Inc. ©
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High Load Diaphragms - IBC 1705.5.1 requires special inspection of these diaphragms

Blocked Wood Structural Panel Diaphragms Utilizing Multiple Rows of Fasteners (High Load Diaphragms) 12348

Mail Spacing (in.) at (all cases), at panal
Minimum edges paraliel to load (Cases 3 & 4), and at all panel edges (Cases 5 & 6)
Minimum Nail Nominal Width of 4 4 2112 2.
Common Nall Size® | Baaring Length Minimum Nailed Face at 7
Sheathing Grade Length (in.) x Shank in Framing Nominal Panel | Adjoining Panel Lines of Mail 5 in.) at other s (Cases 1,2, 3, & 4
diameter (in.) x Head Mambar or Thickness (in.) Edges and Nails 6 | 3
diameter (in.) Illud:inq. L Boundaries Va . Va G ' G. Va .
i) (in.) _{pM) _(kipsiin.) | (pif) ({kips/iin) | (pif) (kipsiin) | (pif) (kips/in.) |
0SB PLY 0SB PLY 0SB PLY 0SB PLY
3 2 1685 40 24 | 2280 53 28 | 2450 S50 27 | 3220 56 28
1532 4 2 1960 33 21 | 2580 48 27 | 215 44 25 3B 5 28
4 3 2450 50 27 3415 61 30 | 3600 59 30 | 3905 70 32
3 2 1875 36 23 | M65 52 20 | 2700 4T | 3515 20
Structural | @3x0 1;2‘1 0.312) 112 1832 4 2 2185 20 20 | 2770 46 27 | 3110 40 25 4030 48 7
4 3 2700 27 | 3696 60 b 57 30 | 5010 &4 32
3 2 2045 22 | 2675 50 29 45 27 |3s20 53 30
2332 4 2 2395 19 | 2885 43 27 w 24 | 4380 45 ki
A 3 2040 27 14005 59 32 56 34
3 2 1470 21 | 2030 &5 23 53 24
1532 4 2 1685 19 | 2280 SO 22 48 23
4 3 2140 23 13040 62 24 51 28
3 2 1820 19 | 2410 48 23 45 23
i varint Lot | RSN R 1172 1932 4 2 215 16 2700 43 21 a7 22
4 3 2620 22 | 3610 57 24 55 24 | 41 68 26
3 2 1990 18 | 2620 46 23 42 22 | 3740 50 24
2332 4 2 310 16 | 2840 40 21 k2 20 | 4D45 45 23
4 3 2855 22 | 3920 56 25 53 25 | 4380 T 28

American Wood Council, 2021 SDPWS©

High Load Diaphragms

Figure 4C High Load Diaphragm

Aefotsing parwl aige

2 nominal - two lines of fastenery

2T 3T

A
Fusterar wpacing

@ mominal - thees lines of tastenen

Note: Space adjoining panel edges 1/8" apart. Minimum spacing between lines of fasteners is 3/8".

American Wood Council, 2021 SDPWS©

West Coast Code Consultants, Inc. ©
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SDPWS Requirements

U Wood-Frame Shear Walls (§4.3)

= General:
o All framing members and blocking shall be 2 2x

o Framing members, blocking, and connections shall extend into the shear wall a
sufficient distance to develop the force transferred into the shear wall.

o Boundary elements shall be provided to transmit the design tension and compression

forces.

DESP

SPFMF

Allowabie Tansion Loads
[H60]

Deflection st
Aflowahie Load
fin]

Simpson Strong-Tie;

https://www.strongtie.com/

7

SDPWS Requirements

0 Wood-Frame Shear Walls (§4.3)

= General:

o Anchor Bolts: 0.229” x 3” x 3”, shall extend to within
1/2-inches of wall sheathing where nominal shear
capacity is > 400plf for wind or seismic

o Panels 2 4x8’ except at boundaries & changes in framing
Nails shall be 2 3/8-inch from panel edges
Nailing:

*  Edge spacing < 6-inches (same at intermediate framing
members & blocking)

*  Field spacing < 6-inches (12-inches if > 7/16-inch sheathing
or studs < 24”o.c.)

West Coast Code Consultants, Inc. ©
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*  2-inch edge nailing

10d nails & 3-inch edge nailing
* > 980plf nominal shear capacity in SDC “D-F”

o Double 2x allowed (Stitched together =2 16d @ 24”o.c.)

Framing at 24" o.c. maximum

SDPWS Requirements

U Wood-Frame Shear Walls (§4.3)

= General (cont.):
o 3xif.

Structural Sheathing > Assume 7/16-inch OSB Structural | wall sheathing

Table 4.3A Nominal Unit Shear Capacities for Sheathed Wood-Frame Shear Walls *35

Wood-based Panels *

0.80 (Wind)

West Coast Code Consultants, Inc. ©

2
z
Nall Type & Size ® Panal Edge Nail Spacing (in.) g
Minimum E::‘r::t‘:n:l‘l‘\lln [} 4 3 2 S
Sheathing Material "°1'_f'""'P""" Framing Member |  Length (in.) x Shank Ve G. e . e G. ™ ;3
{in.) i b~ ool "J::él(;‘f;"ﬂ (pI (kipsiin) | (pi) (kipsiin) [ (pin) (pain) | (ol (ipsin) | T
088 PLY 0SB PLY 088 PLY os8 PLY| ©
516 1144 [Ridn"“’:";:";z";'ﬂ 505 1 o | a8 G | 5 6 e se = D
S w82 645 19 14 |1010 24 17 [1200 30 20 |1710 43 24
Panels- e T8 [2_“;“3':';"":;"8”“ 715 16 13 | 1105 21 16 | 1415 27 19 | 1875 40 24
1832 785 14 11 (1205 18 14 |1540 24 17 |2045 37 23
2 10d commeon nail one
162 2 Bromsxoary 0 |0 2 16110 ) If 40 g ¢, edge nalllng...
; “ inal”’  sslse | © Are plate washers required to
Values listed are “nominal. 1 ss |0 q
. . ge . . 17 12 | 895 ixfh s i 2
« ASD - Dividing by 2.8 (Seismic);2.0 | I o |= be within 1/2-inch?
(Wind) s w|ws | © Are 3x framing members
22 14 | 1290 .
. . . . ?
« LRFD = Multiplying by 0.50 (Seismic); | » «|w | required?

78
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Over Gypsum

Table 4.3B Nominal Unit Shear Capacities for Sheathed Wood-Frame Shear Walls *25¢

Wood Structural Panels installed over 1/2" or 5/8" Gypsum Wallboard or Gypsum Sheathing Board

American Wood Council, 2021 SDPWS©

Nail Type & Size ® Panel Edge Nail Spacing (in.)
Minimum Minimum Nail
Nominal Bearing Length in 6 4 3 2
Sheuthing Panel Framing Member Length {in.) x Shank
Material Thich or Blocking, &m o {in.) x Head Vi Gs Vi G, Vi G Vi G.
(in.) (in.) diameter (in.) (p) (kipsiin.) | (pM) (kipsfin.) | (pH) (kipsiin) | (pH) (kipsiin.)
0SB PLY 0SB PLY 0SB PLY OSB PLY

Bd common nail
1 1-1/4 1 1 1 1 1 1
Wood Structural 518 4 (2-12%0.131x 0.281) 7 560 3 0 | 840 8 3 | 1080 23 6 | 1430 35 22

Panals -
Structural | 34 38, 716, 10d common nail )
1-3/8 785 14 11 |1205 18 14 (1540 24 17 |2045 37 23
15/32 (3x0.148x0.312) 7
518 i B4 common net 505 13 95756 18 12980 24 14 (1260 37 18
o Do 8 ) @12x0131x 0287 560 11 85840 15 11 |1000 20 13 [1430 32 17
34 10d commaon nail
Sheathing a8, 7116, . 10 13 10 |1 13 | 127 .
1532 38 (3x0.148%0 312]7 30 3 0 065 19 3 370 25 5 |1790 39 20
Bd galv. 8 casing nail
16 1-1/4 1 1 7 17 101 1
i u (2-1/2 % 0.113 % 0.142) e & 0 ¢ o e 2
Pywood Siding
]
8 1-3/8 10d galv.” casing nail 450 16 870 18 870 20 1150 22 =3

(3 x 0.128 x 0.155) !

. € £
Gypsum Shear Walls = Not allowed in SDC “E-F
Q
Table 4.3C Nominal Unit Shear Capacities for Sheathed Wood-Frame Shear Walis * 2
3
a
Gypsum Board, Gypsum Lath and Plaster, and Portland Cement Plaster ]
S
- - - — 53
ai Max. Fastener |  Max. Stud Y % K
Sheathing Material ni'm‘";_ Fastener Type & Size 2 Spacing ? Spacing 3
{in.} {in) o | (upsin) | o
(<3
7 24 unblocked | 150 40 2
4 24 unblocked | 220 60 i
5d cooler (0 086° x 1-5/8° long, 15/84° head) or walboand nad (0.086° x 1-58° 7 16 unblocked 200 55 ®
long, 832" head) or 01207 nail x 1-1/2° long, min 18° head 4 16 unbincked 250 85 E
T 16 blocked 250 65
w 4 18 blocked 300 15
az 16 unblocked | 120 35
4G 16 blocked azn a0
No. 8 Type & or W drywall screws 1-1/4° lang anz 24 blocked 310 80
Gy ; anz 16 blocked 140 40
sum walbhoard, 812 18 blocked 180 50
gypsum baso for venoer
plaster, or waber 7 24 unblocked 230 6.0
resistant gypsum Bd cooler (0.082" x 1-7/8° long. 14" head) or walboard nall (0.0915" x 1-78° 4 24 unblocked 290 15
backing board o long, 164" head) of 0.120° nail x 1-34° lang, min M8° head T 16 blocked 200 75
4 18 blocked 350 a5
i a2z 16 unblocked | 140 a0
No. & Type 5 or W drywall screws 1-14° long pine 28 ad 180 80
: Baso ply-fd cooler {0.092" x 1.7/8" long, 1/4” haad) or wallboard nail [0.0915" x
- 1-718° long, 19/64" haod) or 0.120°nall « 1-3/4" long, min 3/8° hoad Ras:
18 biocked | 500 ]
Face ply—8d cooler (D.113" x 2-8 long. 0.281° head) or walboard nal (0,113 3
(Two-Ply) MY qrm_"n- head) or 0.120° nail x 2-38° long, min 1 hosd Face: 7

West Coast Code Consultants, Inc. © 79



2024 WABO Institute

3/27/2024
SDPWS Requirements
U Wood-Frame Shear Walls (§4.3)
= Aspect Ratio:
Size & shape limited to Table 4.3.3
Q
Table 4.3.3 Maximum Shear Wall Aspect §
Ratios g
Sheathed Wood-Frame Shear Wall Maximum §
System h/b Ratio 3
Wood structural panels, unblocked 2:1 E
Wood structural panels, blocked 3.5:1 E
Particleboard, blocked 2:1 \
Diagonally-sheathed lumber 2:1
Gypsum wallboard 2:118
Portland cement plaster 2:1! %3
Structural Fiberboard 3.5:1 m-‘?ts a5 =
159

SDPWS Requirements

Segmented Shear Walls:

While Table 4.3.3 allows a 3.5:1 aspect ratio,
walls with ratios > 2:1 have reduced capacity

(WSP) = 1.25 — 0.125h/b

Example: 9-foot wall

2:1 > 4.5 feet

3.5:1 > 2.57 feet

43% reduction in capacity!

West Coast Code Consultants, Inc. ©

Figure 4D Typical Individual Full-Height Wall
Segments Height-to-Width Ratio

160

American Wood Council, SDPWS 2021 ©
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SDPWS Requirements

Segmented Shear Walls:

= Collectors shall transfer shear forces
between the diaphragms and the individual
full-height wall segments.

——15.25" MAX

International Code Council, 2021 IRCO

[ RAFTERS ATTACHED TO TOP
i P PLATES WITH 8d @ 6" O.C. ALONG
LENGTH OF BRACED WALL PANEL

hY
E “— SOLID BLOCKING BETWEEN

4
For 51: | inch = 23.4 mum.

FIGURE R602.10.8.2(1)
BRACED WALL PANEL CONNECTION
TO PERPENDICULAR RAFTERS

3

161
(]
SDPWS Requirements
Segmented Shear Walls:
Example Review Comment:
There are numerous shear walls that appear to exceed an aspect ratio of 2:1. Please
confirm that no walls exceed an aspect ratio of 3.5:1 and that these walls have been
checked for a reduced capacity in accordance with Section 4.3.3.2 of AWC SDPWS.
Example Review Comment:
Multiple shear wall types are shown along the same line in some instances. Per Section
4.3.5.5 of AWC SDPWS shear walls on the same line shall be of similar construction
unless forces are distributed according to rigidity. Eve
wp>
gl
162

West Coast Code Consultants, Inc. © 81
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SDPWS Requirements

Perforated Shear Walls:

» [ , ®
N 7 R N/
\ / ./ “ /! T
% X N {
Fa YAy W N
/N /N AR VN
7 S Y
i b

Segmented Shear Wall

b

Perforated Shear Wall w3
163
(]
SDPWS Requirements
Figure 4F Typical Shear Wall Height-to-  ©
Perforated Shear Walls: Width Ratio for Perforated 5
Shear Walls =
* Not designed for force transfer around opening Z
»  Aspect ratio - 3.5:1 g
= Segment required at each end sime| ;[ aser g
* Nominal shear capacity < 2,435plf sy | £
=  Qut-of-plane offsets not allowed =
= Full-length collectors - wilve
* Uniform top and bottom of wall Ik P
= 20-foot maximum height o -
164

West Coast Code Consultants, Inc. © 82
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Shear Capacity Adjustment

Table 4.3.5.6 Shear Capacity Adjustment Factor, C.*

©

g

Percent Percentage Wall Area Openings (Ao / Awail) 5

Full- 0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% ¢

Height 8

Sheathing ’ y 3

(Ams/Awat) Shear Capacity Ratio, Co =

10% 1.00 | 1.00 1.00 1.00 0.77 0.63 0.53 0.45 0.40 0.36 E

20% 1.00 | 1.00 1.00 0.91 0.71 0.59 0.50 0.43 0.38 - S
30% 1.00 | 1.00 1.00 0.83 0.67 0.56 0.48 0.42 5 =
40% 1.00 | 1.00 1.00 0.77 0.63 0.53 0.45 = = =
50% 1.00 [ 1.00 | 0.91 0.71 059 | 0.50 s z 2 F
60% 1.00 | 1.00 | 0.83 | 067 0.56 = - = - -
70% 1.00 [ 1.00 | 0.77 | 0.63 = = E = . E
80% 1.00 | 0.91 0.71 - = 5 . = E -
90% 1.00 | 0.83 - : = = 5 ) ) 2
100% 1.00 - - - - - - - -

wp>
%3 —
165

West Coast Code Consultants, Inc. ©

TIE-DOWN—\

SILL BOLTS OR —1
NAILS

ANCHOR

SDPWS Requirements

Force-Transfer Around Openings (FTAO) Shear Walls:

STEEL STRAP AND
BLOCKING

-I-I-II—II-Jffll-

N\I|I|\- lll\l

SHEAR WALL DESIGNED FOR FORCE

TRANSFER AROUND OPENINGS

3
o®

166
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SDPWS Requirements

Force-Transfer Shear Walls:
= Each wall pier 2 2-feet
= Aspect Ratio > 3.5:1
= Full-height wall segment at each end
* No out-of-plane offsets

= Collectors between diaphragms and shear
wall shall be the full length of FTAO shear wall

Figure 4E Typical Shear Wall Height-to-
Width Ratio for Shear Walls
Designed for Force Transfer
Around Openings (FTAOQ)

Wood Coun

American

DETAL BOUNDARY

MEMBERS FOR FORCE -

TRANSFER AROUND WALL WINDOW " | WL
FIER 5 FIER

oooooo L TYPICAL —]

7
AV
/)

cil, SOPWS 2021 ©

West Coast Code Consultants, Inc. ©

167
SDPWS Requirements @\ m|
Force-Transfer Shear Walls:
= Real-world project... -
= Called out as FTAO shear wall U;) g
= Piers are only 7-inches wide <
|
* Does this work? L
= Are there any alternatives?
MC
- } e
168
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SDPWS Requirements

Force-Transfer Shear Walls:
= Requires rational analysis

= Must define blocking, straps and
holdowns

= Example:
o https://www.apawood.org/ftao

Engineered Wood Association (APA), FTAO Calculator ©

. vt s s epeing

& o toncey

#———————— Extent of header with double poral frames (twa braced wall ponels)

-— Extent of header with single portal frame -
{one braced woll panels)

e 2'to 18 rough width of opening —————=
far single or double portal

Min. 3" x 11-1/4" net header
steel heoder not allowed

Fasten sheathing to header with 8d common or
galvanized bex nails at 3" grid pattern as shown

Header fo jock-stud strop per wind design.
Min 1000 Ibf on both sides of opening opposite
side of sheathing.

Min. double 2x4 framing covered with min 3/8"
thick woed structural panel sheathing with
8d cammen or golvan "
in all framing (studs, blocking, and sills

Min length of panel per table 1

o T Min (2] 3500 |b strop-type hold-downs
(embedded info concrete and nailed into framing)
[~ Min reinforcing of foundaiion, one #4 bar =
I top ond bettom of foating. Lap bars 157 min. kS
/|
[ L

Min tooting size under opening is 12" % 127, A turned-down
slab shall be permitted at door openings.

— Min [1] 5/8" diameter anchor bolt installed per IRC R403.1.6 -
with 2% x 2" x 3/14" plate washer

Header fo jock-stud strap

per wind design min 1000 Ibf
on both sides of openi
opposite side of shea

Fasten fop plate to header
with two rows of 14d
sinker nails at 3" o.c. typ

¢ Min. 3/8" wood structural
‘' panel sheathing

If needed, panel splice edges
shall occur over and be
nailed to commaon blocking
within middle 24* of portal
height. One row of 3" o.c
nailing is required in each
ponel edge

Form No. TT-100H — © 2020 APA — Engineered Wood Association

Typical portal frame
construchon

Min double 2xd4 post |king
and jock stud], Mumber of
jock studs per IRC tobles
R502.5(1) & {2).

Min 1000 |b hold-down
device (embedded info
concrete ond nailed
inta framing)

West Coast Code Consultants, Inc. ©
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Technical Topics

TT-180H Ay

A Portal Frame with Hold Downs
for Engineered Applications

TABLE 1

RECOMMENDED ALLOWABLE DESIGN VALUES FOR A SINGLE LEG OF AN APA PORTAL FRAME USED
ON A RIGID-BASE FOUNDATION FOR WIND OR SEISMIC LOADING® b4

Allowable Design (ASD) Values

CONSTRLSCTION DETAILS FOR APA FORTAL PRAME CESIGH WETH HOLD DOWNS. per Frame Segment

Minimum Porfal Maximum Portal

Form No. TT-100H — © 2020 APA — Engineered Wood Association

PN VAR ol wonon Width {in.} Height (f) Shear*' (Ibf) Deflection (in.) Load Factor
= 1 16 8 850 0.33 3.09
v T 10 625 0.44 297
E 24 8 1,675 0.38 2.88
) 10 1,125 0.51 3.42

>

171

SDPWS Requirements

Fasteners:
= Model Codes have specified “common” nails for more than 40 years.
* Most gun nails are box nails (also cooler & sinker)
= 8d common > 0.131 shank; 8d box = 0.1 13 shank
» = [5% reduction in shank

Table Al Standard Common, Box, and Sinker Nails*

IETEETHET

Wil

American Wood Council, SDPWS 2021 ©

West Coast Code Consultants, Inc. © 86
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SDPWS Requirements

45 pages and a bit overwhelming!

L ESR-1539 — Power-Driven Staples & Nails

TABLE 6—ALLOWABLE SHEAR FOR WIND OR SEISMIC LOADING FOR WOOD STRUCTURAL PANEL HORIZONTAL DIAPHRAGMS
WITH FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE AND STRUCTURAL | SHEATHING (pify'#344a743

NOMINAL NAIL BLOCKED DIAPHRAGMS UNBLOCKED DIAPHRAGMS
DIAMETER (inch) FASTENER SPACING (inch) AT DIAPHRAGM BOUNDARIES (ALL CASES), AT FASTENERS SPACED 6~ MAX. AT
or MINIMUM MINIMUM CONTINUOUS PANEL EDGES PARALLEL TO LOAD (CASES 3, 4), AND AT ALL PANEL MAPHRAGM BOUNDARIES AND ALL
STAPLEGAGE | REQUIRED | WIDTHOF EDGES [CASES 5 & 6) SUPPORTED EDGES
Nats must be smooth | FASTENER: | FRAeio [ I B I 2 | Fl 1:";.. othar
or delormed, and must Mail spacing at other panel edges (Cases 1,2, 38 4) configurations
be carbon steel (bright (inches) (inches} P "B s = % 5 e mu;;uaii.ll &

o galvanized)

Seismic [ Wind | Seismic | Wind | Seismic | Wind | Seismic | Wind | Seismic | Wind | Seismic [ Wind
*ly-inch Nominal Panel Thickness

0131 " z 270 375 360 505 530 740 600 B40 240 5 160 255
= 3 300 420 400 560 500 B40 675 245 265 370 200 280
B p 2 230 az0 305 435 455 835 515 720 200 230 150 220
' 3 255 380 340 480 510 720 580 810 225 320 170 240
0,113 ™ 2 205 290 275 390 a0 570 65 65 160 750 195 200
) - 3 230 325 305 430 460 645 520 725 205 285 155 215
4 2 175 245 235 330 350 490 400 560 155 215 115 160

14, 15, 16 Gage 1'ly Leg Length 3 200 280 265 3ro 385 550 450 630 175 245 3

International Staple, Nail and Tool Association (ISANTA), ICC-ES ESR-1539

173
o
Equivalency Chart
TABLE 14—SUMMARY OF ALTERNATIVE FASTENING DESIGNS DESCRIBED IN TABLES 11 THROUGH 13'#34 E
2
NAIL SIZE (DIAMETER X LENGTH) (inches) E
n
CONNECTION &5
Ihx Iax Ix Iax IMax Ix 2z x I x Ix 2z x 2y x 2x 2hx | 8
0.162 0.148 0.148 0.135 0131 0.131 0.131 0.120 0.120 0.113 0.113 0113 0.099 z
Wall Framing z
Double studs (face nail} 24" 16" 16" 168" 16" 16" 8 8 8 2
Typical o.C. 0.C (o X 0.c. o.c. 0.C. 0.C. 0.c a.c, H
At braced walls 16" 12" L 127 12 127 g 8" k<
D.C. o.c. 0.c. o.c. 0.C. o.c. 0.c. o.c. S
Abutting studs at corners and - " . » 3 & X <
intersections ;i ;Zc ;i ;26 8'oc. | 8 oc. oac 08: nBr H
Tynical ; g .G .C. - £
At braced walls 12 12° i 12 1z 12" g 8" 5
0.C. o.C. 0.c. o.c o.c. o.c 0.c. 0.C. E
Built up header 2" to 2" w/ 4" spacer 12" = " 12 - . 8 g o
i 8'oc. | Boc. il 8'oc. | 8oc i o 2
Continuous header to stud ]
toe nail) 3 4 4 4 4 4 4 5 5 [ 6 z
Adjacent full-height stud to end of =]
header (toe-nail) 4 4 4 4 4 4 & 5 E
Double top plates to each other (face 16" 12" 12° 127 120 12 8* & & €
nail) 0.C. 0.c. 0.C. 0.c. 0.c. o.c. 0.C. i 26
Top plate to top plate at end joint (lap
splice) B 12 12 12 12 12
each side of joint)
For 2015 IRC Connection 13b 10 12 12 12
Top plate overlap al corners and
intersections (face nail) 2 2 3 3 9 2 4 %
Sole plate o joist or blocking not at 16" 12" 12¢ 12" 12° 127 " =
braced wall panels 0.C. 0.C. 0.C. 0.C. 0.C. B.E. 8'oc g oc WB
Sole Plate to joist or blocking at 2@ i@ i@ i@ 4@ 4@ 4@ 5@
braced wall panel 167 16" 16" 16" 16" 16" 16" 16"
0.C. 0.c. 0.C. o.c. o.c. o.c. 0.C. o.c.
Top or sole plate to stud (end nail) 3 3 3 3 a 4 4 4 4
A4

West Coast Code Consultants, Inc. ©

87



2024 WABO Institute

3/27/2024

Plan Review ltems

U Remember the WABO white paper

U What should be included in a comment?
U What should not?

U How do we begin?

0 How much of our time should be spent
reviewing...
= The plans?
* The structural calculations?
= Anything else?

175

Plan Review ltems

Structural General Notes:
= Are materials requirements specified?
o IBC2303,AWC NDS,TPI, DOC
= Do specific installations meet code?
o Is treated lumber and appropriate fasteners called out?
= |s extraneous information listed?
= Are there any deferred submittals?
o Are the allowed?
= Are any special inspections noted?
o Is a special inspection agreement form required?

West Coast Code Consultants, Inc. ©
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Plan Review ltems

Are all members called out?

Floor & Roof Framing Plans:
= Beam & joist sizes, spans, and spacing
=  Column & post sizes
=  Wall framing (stud size & spacing)
= Shear walls (sheathing, nailing, blocking, are interior walls addressed?)

* Load path connections (holdowns, anchor bolts, sill plates, collectors, drag
elements, blocking, etc.)

= Connection callouts (correct detail references)
= Diaphragm requirements (sheathing, nailing, blocking, etc.)

Are all items on schedules
included on the plans?

;

177

Plan Review ltems

Sections & Details:
= Structural Connections:

Beam-to-Column

o Framing details

o Foundation details This is the opportunity to verify
© Joist-to-Beam that a complete load path is

o Beam-to-Beam provided!

@)

O

Column-to-Foundation

;

178
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Plan Review ltems

What if the plans say this?

PROGRESS PRINT (NOT FOR CONSTRUCTION)

These drawings have been released at the request of the client and are not intended for the purposes of bidding, permitting, or construction.

;

179
Plan Review Items o SR
Structural Calculations
Structural Calculations: Usy ATWLEICS cowpeTIoN
= Majority of time should be spent reviewing the '
plans.
= Remember, it is not our responsibility to verify
the mathematical accuracy of the calculations.
*  When reviewing plans, note significant structural it
members and make sure that a calculation is —
included.
Example Review Comment:
Please provide supporting calculations for the following...
A The GB7 grade beam specified on sheet S1.02. w3
B. The footings and retaining walls at ramps shown on sheet S1.04.

- C. The retaining walls in the elevator pit area shown on sheet S|.05. m

West Coast Code Consultants, Inc. © 90
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Plan Review ltems

Structural Calculations:

T, Sa000 Page 1
ma;ﬁgé :"n' iresing Sotwaie Masonry Wall Daslgn EXAMPLES ECW.M: Caice
Description Typical wall section

i General Information 4 | ]

SR
Wall Height 10501 Seismic Facior 0.140% e
Parapet Heighl 0.00f Calc of Em=fm* 750.00 Fs 24,000.0 psi
Curatian Faclor 1330 INo Spaclal Inspaction
Thickness B.0in Wall Wi Mull. 1.000 Grout & Rebar Only
Rebar Size 4 HNomnal Weight Block
Rebar Spacing 481n Equivalent
Depth lo Rebar 3.810In @ Cenler Solid Thickness 4.800 In

Example Review Comment:

Many of the calculations were performed in reference to outdated building codes and
standards. Please confirm that calculations meet the requirements of the 202| IBC
and its referenced standards as listed in Chapter 35.

181

Plan Review ltems

Maximum SERVICE Load Reactiors
Top dong X-X 0.000k
0080k
30k

304 “!:6

Maximum SERVICE Load Deflections.

West Coast Code Consultants, Inc. ©
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Plan Review ltems

Perform a check of as many as possible:

DESCRIPTION: Garage [

= This is a garage door header
calculation.

* No loads are applied (stress ratio
of 0.00).

= |t is shown as a cantilevered
condition instead of the simple

span called for on the plans. .
= |tis a completely different header
size than the drawings show. pimrap
UIE-S.HG;U SUMMARY D sig
Maximum ding St Ratio 0.000 1 Mazimurm Shear Stress Ratio 0.000 : 1
x10 Section used for this span 2x10
183

Plan Review ltems

Perform a check of as many as possible:

* The calculation called for (4) R
1.75”x14” LVLs while the ol || ~ | ’ ,
schedule on the plans called for el = @ 18xn 3
(3) 1.75”x11.875” LVLs.

West Coast Code Consultants, Inc. © 92
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Plan Review ltems

Perform a check of as many as possible:

4FORTE (D ——

MEMBER REPOR

Roof, Parapet &'-4"
1 plece(s) 2 x 10 DF No.2 @ 24" OC

;

185

Plan Review ltems

What do you even say regarding these?

S.R. Y

is insufficient

West Coast Code Consultants, Inc. ©
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be adequate?

= This is the entire lateral analysis
for 3-story residence with wood
shear walls and a moment frame.

=4
y’—_ ’?‘f ',I\'r.rpl-{
T-4

— | %Y I
B p-132
y= ,‘1‘:.;.——_ S37
1
T= 370N =13 = 4{7'"

L3
M ISaL,___—,-|

A
o | JT

7 7k

3/27/2024
Plan Review Items L Ll
Do the calculations appear to = e w20k #ilb__:‘_é;

LA

\

WiZx

d

187

Plan Review Items

Not every structure is the same.

=  What should you verify for this
residence with curved shear walls?

I'he break down o

Response:

=

West Coast Code Consultants, Inc. ©

[ the base shears has been done by area and is s

lateral key plan. The various areas and

diaphragms constitute regular a

S18. Please address any building irregularities as defined in Tables 12.3-1 and 12.3-2 of ASCE 7-16 that may
apply and show that the ASCE 7 requirements for each irregularity type have been met.
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Inspection Items

U No matter how good the review,
inspection issues will arise.

Q IBC 110 lists when inspections are
required.

O Are approved plans onsite?

Q Is a complete gravity, lateral, and uplift
load path provided?

L Do member sizes match the approved
plans?

Overdriven Fasteners

Q IBC 2304.10.2:

= Nails “..shall be driven so that their head or crown is flush with the surface of
the sheathing.”

correct ; over-driven

West Coast Code Consultants, Inc. © 95
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Overdriven Fasteners

O APATT-012C:

= Reduction in capacity is not required if...
o Ifall are overdriven < I/16”in dry conditions
o If<20% of edge fasteners are overdriven < 1/8”
o If panels used are thicker than required

Technical Topics

Effect of Overdriven Fasteners on
Shear Capacity

Overdriven Fasteners

O APATT-012C:
= |f > 20% are overdriven by > /16, or...
= If any are overdriven by > 1/8”, then...
= One additional fastener must be driven for each two overdriven.

West Coast Code Consultants, Inc. ©

= |f nails were originally used and are spaced too close for additional nails,
approved staples should be used to reduce the potential for splitting.
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Notches / Holes

a ]o:sts & Beams (IBC 2308.4.2.4):

Not exceed |/6 of member depth

= Not be longer than |/3 of member depth
* Not be located in middle 1/3 of span
* Notches at ends shall not exceed /4 of member depth

L

-« /3 ———»l
L_.I "_D/SMAX.|

l— L3 ——»

LI

NO NOTCHES _L
T_D,e MAX. L— PERMITTED —J _.i D/3 MAX.

FLOOR JOIST—CENTER CUTS

Df6 MAX.

FOR MEMBERS

LESS THAN

4 IN. NOMINAL L

DIMENSION

-

uncil, 2021 IRC©

International Code Cot

Notches / Holes

O Joists & Beams (cont.):
* Not exceed |/3 of member depth

D/3 MAX.

2IN. MIN, FROM TOP
AND BOTTOM OF JOIST

PIPE OR CONDUIT

D (ACTUAL DEPTH})

West Coast Code Consultants, Inc. ©

International Code Counci

il, 2021 IRC©O

= Not be closer than 2” from bottom of member or any other hole or notch
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Notches / Holes

U Notching (IBC 2308.5.9):
= Exterior < 25% width
= Bearing £ 25% width
= Partition < 40% width
O Holes (IBC 2308.5.10):
= Edge = 5/8”
= @ < 40% width (single)
* @ =< 60% width (double)

International Code Council, 2021 IRC © %‘3 @

195

Notches / Holes

U Cutting of Plate (IBC 2308.5.8):

* Provide a |.5” wide x |6ga. galvanized metal tie

* Fasten to either side w/ (6) 16d nails

International Code Council, 2021 IRC ©

West Coast Code Consultants, Inc. ©
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Notches / Holes

a Rafters (IBC 2308.7.4):
At ends > No more than 1/4 the depth

* In top or bottom = No more than 1/6 the
depth and not within middle third

= Holes cannot be within 2-inches of edges
nor within middle third

International Code Council, 2021 IRC ©

Notches / Holes

U Notches & Holes:
= |-Joists: APA — Form No. Z725F
= Notch in Top Flange: Weyerhauser TB-818
= Holes Near Bearing: Weyerhauser TB-817
= Rafter Cuts: Weyerhauser TB-805

West Coast Code Consultants, Inc. © 99
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Notches / Holes

O I-Joists: Weyerhauser TB-818

Original joists are properly designed
Adjacent joists are undamaged
Uniform loads

One side-flange notch

doist Dnptts

SIDE FLANGE

THI* JOIST FLANGE DIMENSIONS

Product.

™* 110

T 210

T 230

e 360

Th* 560

Weyerhauser, Technical Bulletin, TB-818©

199

Notches / Holes

Q I-Joists: Weyerhauser TB-817

1 %" TIMBERSTRAND" L5L or
1 %" TJ® RIM BOARD

Slot repair to nearest edge or end
‘ ﬁf 'c

{'— 24 —;i'
CONTINUOUS WEB BACKER: FASTENING SCHEDULE:
5/8" thick for TJ® 110 WEB-2 rows of 10d pneumatic
7/8" (net) thick for TJKD 210 nails @ 4" o.c.

1" {net) thick for TJI® 230, 360 FLANGE-Z rows of 10d
1 1/2" thick for TJI® 560

USE CONSTRUCTION

ADHESIVE ON ALL
CONTACT SURFACES

Ve

* Repair may be
placed on
either side of joist

- Use 16d pneumatic nails for
TJI® 560
- Clinch as necessary

preumatic nails @ 4" o.c.

TABLE 1: MAXIMUM JOIST SPANS13I3|
Maa Jaist Span
Joist |Max Hole| TI* Joist (Max o.c. {40 PSF Live)
Depth Sorles |Spacing| i1opsF | 20PsF
(Dand} (Dead)
o | 110,210, | 168 | 153"
9" I
B0 || gur 138 | 125
aso s |20 | 18117 | 173
230,8360 | o4 155 | 140
TIW" [ AN
16 | 2603 | e
560
24 | 200100 | 200117
1s0,210, | W | 206 | s
380 [0 | 150 | 14w
140 | s
1w | 290 | 290
860
2 | 243 | 20110
s10,230, | & | 241 | 2ro
akiind 24 | 19t | 182
168" | e
16 | 22110 | 3re
s60 |- .
20 | ose2 | 200110
13 w11 dOpha (0 Nolies patid i this fest 127

West Coast Code Consultants, Inc. ©

Weyerhauser, Technical Bulletin, TB-8170_ t i
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Notches / Holes

Q I-Joists: Weyerhauser TB-805

NOTE: CONCENTRATED LOADS MUST BE LOCATED
24" MIN. FROM THE END OF THE TOP FLANGE. FOR
SLOPES LESS THAN B:12, CONTACT YOU LOCAL
WEYERHAEUSER REPRESENTATIVE

EXTEND 2" MIN.
BEYOND TOP OF
RAFTER CUT

4" MIN. HEEL HEIGHT |

BLOCKING REQUIRED AT INSIDE FACE I“

OF BEARING i

- EXTEND TO BOTTOM OF SHEATHING 2
FOR JOIST STABILITY ONLY; EOR/DOR
RESPONSIBLE FOR CONFIRMING
LATERAL LOAD PATH FROM WALL
ABOVE TO BEARING BELOW

2X4 MIN. PLATE —

_— [TYP]WALL STUD FOR

UPPER FLOOR

[TYP] ROOF RAFTERS

LATERAL BRACING AT BEVEL

- [TYP) TJ® REINFORCEMENT %" CDX

OR 0S8 EACH SIDE OF WEB

- ATTACH WITH MINIMUM (8) 8d
PNEUMATIC BOX NAILS OR LARGER
2-PLY TJ™ JOISTS MUST BE
REINFORCED SEPARATELY PRIOR
TO INSTALLATION

Weyerhauser, Technical Bulletin, TB-8050

201

Notches / Holes

(J Notches & Holes:
= | VLUs: APA — Form No. EWS G535A
= GLB’s: APA — Form No. EWS S560H

Unifarm load o (plf

-
-
-
-

Zones whare hori

PERMISSABLE HORIZONTAL ROUND HOLE LOCATIONS FOR LVL BEAMS UNDER UNIFORM LOADS

of wires, conduit, efc

1/3 span

The Engineered Wood Association, Form No. EWS G535A0

West Coast Code Consultants, Inc. ©

ut-S
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Holdown Straps

L Case I: Improper locations
* Engineered specified retrofit anchor required.
P o

.‘F"f.* -
L el
- i T -‘L:.." e |

Holdown Straps

U Case 2: Spalling at embed straps
= |f <17, load capacity is not affected.
* If <4”, holdown capacity is reduced by 10%. 722
= |f > 4”, Engineered retrofit holdown is required.

West Coast Code Consultants, Inc. ©
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Holdown Straps

U Case 3: Offsets (Creates slack in the line.)
= Only a 5/8” offset is permitted.

= |f over sheathing, slightly notching the panel edge will keep strap from
bulging and wall movement to a minimum.

= More than a single 90° bend is not allowed.

Holdown Straps

U Case 4: Holdowns at Rim Joists
= |s proper holdown being used at rim joists?
*  The holdown will need to be replaced.

-~ 13 - ' TR

West Coast Code Consultants, Inc. ©
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Holdown Straps
U Case 5: Improper Holdown Used
* Plans often state “Simpson xxx, or approved equal”
= |s the replacement holdown equivalent?
= Has the replacement holdown been approved by the EOR?
* Does it have a current ICC-ES report?
3
.8
207
Gaps in Sheathing
’"‘\ 1/8" space §
0 APA recommends a minimum 1/8-inch | 88 R 2 :
gap between sheathing panels !
Ir_nproper Spacing :if
}:i%:s:ml‘?ﬂe":s:p’sci?g
e
208
West Coast Code Consultants, Inc. © 104
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Gaps in Sheathing

O APA’s spacing hint:
= Use 10d box nail to gauge 1/8-inch spacing between panels.
= Spacer-type panel clips may be used for roof sheathing applications.

Space panels 1/8" min. — 4 l
(ends & edges) A z

Full-Depth Blocking

U Shall be provided at...
= Ends of joists
* Intermediate supports
= At 8-feet on center (> 2”x12” dimension lumber)

FULL DEPTH BLOCKING

BAND JOIST

West Coast Code Consultants, Inc. ©
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Full-Depth Blocking

U Same for I-joists...

Bd nails [0.131"x 2 1/2") ot 4" o.c. 1o fop plate

Blocking of 16
or less in depth

Rim Board

Maximum uniferm
vertical load capacity (plf)

') at 6 o.c. to fop plate

Engineered Wood Association, Form No. A750A ©

APA |-Joist Blocking

U Web Stiffeners:

Where web is in jeopardy of buckling out-of-plane
Heavy loads that cause web to knife through flange
Support hanger does not extend to top flange

STIFFENER SIZE REQUIREMENTS
APA PRI Flange Width (in.) Web Stiffener Size Each Side of Web (in.)

1-1/2 15/32 x 2-5/16 minimum width
1-3/4 19/32 x 2-5/16 minimum width
2-5/16 1 x 2-5/16 minimum width
2-1/2 1 x 2-5/16 minimum width
3-1/2 1-1/2 x 2-5/16 minimum width

Engineered Wood Association, Form No. A745C ©

West Coast Code Consultants, Inc. ©
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APA |-Joist Blocking

U Web Stiffeners (cont.)

when required

are applied to top flange

= Bearing stiffeners: Located at the reactions, both interior and exterior,

* Load stiffeners: Located between supports where significant point loads

APA |-Joist Blocking

O Squash Blocks:

= Purpose is to carry a point load
that would otherwise be
carried by the joist.

SQUASH BLOCK INSTALLATION AND CAPACITIES

PRI or APA Rim Board
blocking panel

SN

+ 1/18"
for squash
blocks

Squosh block

Vertical load transfer
capacity per pair of
squash blocks (Ibf)=

Pair of Squash Blocks 3-1/2" wide|5-1/2" widel

[2¢ lumber 3800 [ 5900
1-1/8" APA Rim Board, Rim
Plus, C1 or better" or 2600 4000
sted Sturd-1-Floor 48 oc
1" APA Rim Board, C2 or hetter)® 1900 3000

or Rated Sturd-|-Floor 32 oc

West Coast Code Consultants, Inc. ©

Engineered Wood Association, Form No. A755B ©
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APA |-Joist Blocking

O Filler Blocks:

= Used to fill space between a pair
of I-joists acting as a single bending
member.

= Helps to transfer load from one
member to the next.

= Must be placed the full length of
the |-joist.

FILLER BLOCKING INSTALLATION DETAILS

A nails (0,148 x 3"

Filler block
per Toble 1

Offset nails from
opposite foce by &'

- 1/8" gap between fop flange and filler block

10d commen

Engineered Wood Association, Form No. A7558 ©

Truss Package

Q Inconsistencies are common
between the initial design and
the truss package.

(] What are some common
issues that arise?

U When do you review the truss
package?

West Coast Code Consultants, Inc. ©
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Truss Package

Item 15_

U Deferred Submittal (IBC 107.3.4.1)

Required for structural components in which the structural design has not
been submitted.

Must be allowed by jurisdiction.

Must be listed on the construction documents.

Prior to submittal to the city, designs must be submitted to, and approved
by, the EOR.

None of the deferred submittal items shall be installed until submittal is
approved by the AHJ.

oooooooo Deferred submittal agreement will be submitted by contractor at a later date.

Truss Package

U What is included? (IBC 2303.4.1.1)

Design per ANSI/TPI |
Placement diagram & individual truss drawings
Design professional - where required

Permanent individual truss member restraint (PITMR)
o  Who is responsible for specifying?

West Coast Code Consultants, Inc. ©
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Truss Package

U Truss Design Drawings (IBC 2303.4.1.1)
* Slope/depth, span and spacing;
= Locations of all joints;
= Required bearing widths;
= Design loads;
= Adjustments for conditions of use;
= Each reaction force and direction;
= Joint connector type, size, etc.;
* Lumber size, species & grade of wood; ...

Truss Package T

O Truss Design Drawings (cont.)
= Truss connections (truss-to-girder,
ply-to-ply, splices);
* Calculated and allowable | | e
deflections; i

=  Maximum axial and tension
forces;

= Permanent bracing locations, = :
methods & details ARUSWALE

West Coast Code Consultants, Inc. © 110
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Truss Bracing

U Trusses require lateral support in order to perform in the
manner they are intended.

U Very narrow in relation to their depth and span.

U Bracing...
= Prevents out-of-plane buckling
= Maintains spacing
= Resists and transfers lateral loads

we3
221
[ ]
Truss Bracing
U Locations shown on individual truss drawings
n ©
£ Note: CLA can be installed | £
on either side of Member. :2,,
B ater { E
z “
FIGURE B3-9 wp>

222
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Truss Bracing

O 2021 IBC clarifies what is already required:
= Member restraint (PITMR) in “green”
= Diagonal bracing (PITMDB) at each PITMR in “red”

Lateral Resiraint lapps
two Trusses oe CLR
renfarcement
B3-7 for more i

FIGURE B3-11

Repeat Diagonal Bracing
every 20 or as specified.
Closer spacing may be

Structural Building Components Association, BCS| ©

nat shown for clariy.

Always Diagonally Brace the required by the Building
Permanent Continuous Lateral Restraint! Designer. %_3
Wota: Some chord and web members .

223

Truss Bracing

O IBC 2303.4.1.2: PITMR & PITMDB

*  When the truss plans call for PITMR, it must be provided by one of following...

I. PITMR & PITMDB shall be provided using standard industry lateral restraint and
diagonal bracing details per TPI, accepted engineering practice, or Figures
2303.4.1.2(1), (3), and (5).

2. Buckling reinforcement is added to individual truss per truss drawings, or per
Figures 2303.4.1.2 (2) and (4).

3. Project-specific PITMR and PITMDB design by EOR.

ADDED

West Coast Code Consultants, Inc. ©
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ol - - = R e L

4 SECTION (EXAMPLE OF SINGLE ROW OF PITMR WITH PITMDS ON WEB MEMBERS)

International Code Council, 2021 IBCO

West Coast Code Consultants, Inc. ©

For SE: 1 inch = 25.4 mum. | foot = W48 mm
FIGURE 2303.4.1.2 (1) “rs
PITMR AND PITMDE FOR TRUSS WEB MEMBERS REQUIRING ONE ROW OF PITMR s ot S ot
225
Truss Bracing
U Bracing Installation:
= Minimum size member = 2x4
= Continuous bracing to overlap 2-feet.
= Use at least two 10d, 12d, or 16d nails into each truss
= Nails to be flush or double-headed for easy removal
Structural Building Components Association, BCSI © “rs
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[ | - ‘ i
Miscellaneous Items f[

U Decks -
= IBC 1604.8.3: Positively attached for vertical

& lateral loads e
= AWCDCA®6

U Post Frame Buildings
= AWCDCAS

U Log Structures
= |CC400

Quiz

L What AWC standards govern the design of wood structures in
addition to the IBC and ASCE 7?

L Describe three components of the lateral load path?

L When are 3x framing members required at shear walls?
L When are special inspections required for wood framing?
L When is a shrinkage analysis required?

L What are things to look for if force-transfer shear walls are used?

L What should be looked at in relation to the diaphragm? 3
wr
w | &

West Coast Code Consultants, Inc. © 114
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Any Questions?

Chris Kimball, SE, MCP,CBO

801.547.8133
chrisk@wc-3.com
http://www.wc-3.com
wy>
L ®

229
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