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“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.
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Questions related to specific materials, methods, and services
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Course Description

This course highlights seismic design considerations for mid-rise light-frame wood
buildings over concrete podiums, a common structural configuration in urban residential
development. Through an abbreviated design example, participants will explore the
application of the two-stage seismic analysis procedure, development of lateral forces,
and the design and deflection calculation of a sample shear wall in a high seismic region,
based on ASCE 7-22 and the 2024 IBC. This course highlights critical nuances of code
interpretation, common design pitfalls, and real-world considerations to ensure safe and
code-compliant design.

This webinar will serve as both a primer and a bridge to more comprehensive guidance. A
newly published design example, which complements this presentation, will also be
shared with attendees.



Learning Objectives

1. Explain the code provisions of the 2024 IBC and ASCE 7-22 that allow wood-over-
podium building configurations, including fire and life safety provisions and seismic
structural performance.

2. Understand how to develop the appropriate lateral loads in compliance with modern
building codes and perform sample shear wall design and deflection calculations for a
high-seismic zone.

3. Evaluate key updates in ASCE 7-22 that affect the seismic design of mid-rise, light-
frame wood on concrete podium buildings.

4. Recognize critical design considerations, code interpretations, and potential pitfalls
specific to podium construction—such as load transfer from wood to concrete
systems—affecting structural integrity and ensuring occupant welfare.



Outline

» |IBC code provisions including heights and areas

» ASCE code provisions for Two-Stage Analysis

» 5-story wood-sheathed light-frame shear wall design example
» Podium design considerations
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Story Light-Frame
Wood Structure Over Podium

DESIGN EXAMPLE

Five




2024 1BC

2 INTERNATIONAL
BUILDING CODE

Design Example: Section 1.2

ASCE 7-22
(2022)

ASCE STANDARD.

7-22

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

2024 NDS

2021 SDPWS

AMERICAN
COUNCIL




What are podium structures?
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Fire and Life Safety

The building code defines:
» Building size (area, height, stories)
» Allowable materials

» Fire protection requirements

Allowable building size based on:
» Building use (occupancy)
» Construction type

» Sprinklers & fire department access



IBC Light-Frame Construction Type Differences

TYPE Il TYPEV

Exterior Wall Material Non-combustible, Non-combustible, Any materials Any materials
(Chapter 6) FRTW (LF, MT) FRTW (LF, MT) permitted by code  permitted by code
Interior Elements Any materials Any materials Any materials Any materials
(Chapter 6) permitted by code  permitted by code  permitted by code  permitted by code

: 4 N 4 N
Allowable Stories 5 5 4 3
(Table 504.4)

_ €

Allowable Height g5’ 75 20’ 60’
(Table 504.3) \ y \_ J
Allowable Area per 72,000 ft2 48,000 ft2 36,000 ft2 21,000 ft2
Story (Table 506.2)
Allowable Total 216,000 ft2 144,000 ft2 108,000 ft2 63,000 ft2
Building Area*
Ext(?rlor Bearing Wall 2-hour 2-hour 1-hour 0-hour
Rating (table 601)
All Other Fire Ratings 1-hour 0-hour 1-hour 0-hour

(Table 601)

Residential (R-2) occupancy with NFPA 13 sprinklers without further increases. *Assuming max stories built.



Special Provisions
Horizontal Building Separation

» IBC 602.1 requires that each building be classified as one of five
construction types.

» IBC 510 contains special
provisions that allow different
construction types in the same
building or multiple “buildings”
stacked on top of each other

Design Example: Section 2.1



Horizontal Building Separation - 510.2

Considered separate buildings above and below
for purposes of area & number of stories calculations if:

» Qverall height is still limited to max of either building

» 3hr rated horizontal assembly

» Building below is Type I-A with sprinklers

» Enclosures penetrating horizontal assembly are 2hr rated
» Occupancy above is A (occupant load <300), B, M, Ror S

» Occupancy below is any except H

The Flats at ISU, Normal, IL
OKW Architects
Precision Builders & Associates

Design Example: Section 2.1



Special Provisions
Horizontal Building Separation

“Separate and distinct buildings” for:
» Area determination
» Number of stories
» Construction type

Building height...
still measured from grade

Broédiv\-/ay Plaza / Studio T S(quuagre / The Sobrato Orgéniéation'
Design Example: Section 2.1 = g . o Photo: 1M



Height and Story Limits

-5 stories max ——

85 ft max-

Design Example: Section 2.1




Seismic System Height Limits

ASCE 7 Table 12.2-1: Wood Shear Walls
» Seismic Design Categories D, E, F
» 65-foot maximum, measured from the “base”

» Base is the level at which horizontal seismic ground motions are
imparted

» Base = top of podium (see ASCE 7 Section 12.2.3.2 item f)

Design Example: Section 2.1.3




Seismic System Height Limits (SDC D-F)

|
|
Type IIIA%
|
|

65 ftmax
5 stories max

85 ft max

Design Example: Section 2.1



Design Example: Building Elevation

| [ [ 1 1 T 1 [ [ [ | [ | [ [
"I &\ # #|# T A4 # | # # | # #|# # | # #|# #|# #|# #|# #|# | # m
I— |— | | | | ———] |— | |— | |— |——=| | ——=
[

‘“ 7\ # 7| # v\ # A4 v\ # 7| # #|# v\ # 7| # r A4 v\ # #|# #\# “‘
= = =——| = I=——=| |=——=| = I=——=| = = = = =
‘“ #\# #|# #|# #\|# #|# #|# #|# #|# #|# #|# #|# #|# #|# “‘
= == = = = =] = =] == = = = =]
“‘ | # #\# #\# b\# v\# #\# s\ # v\# #\# v\# by\# #\# #|# “‘
== = = = ——| = = == = = = = =
‘“ 7| # |\ # v\ # s\ # #\# |\ # s\ # #\|# #\|# #\# &\ # #\# # | # “‘
|——| |——— |——— |—| |—| |— |—— |—| |—| = |——| |——|

[ | | = = | | | | |
1 A YA 1mAIAS AYNAY e LAY AYA) B AYAY N A YAY ImmRIAY AYA}
I % 1IN N [ | Y LY N | Y Rl % 1|

Design Example: Figure 1.1




Design Example: Plan View

_ _ NORTH
Design Example: Figure 1.2




Design Example: Building Section
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Design Example: Figure 1.3




Design Example: Gravity Loads

Roof Weights (psf) Floor Weights (psf)

Roofing 5.0 Flooring 1.0
Sheathing 3.0 Lightweight concrete 14.0
Trusses + blocking 2.0 Sheathing 2.5
Insulation + sprinklers 2.0 |-joist + blocking 4.0
Ceiling + misc. 15.0 Ceiling + misc. 7.0
Beams 1.0 Beams 1.5
Dead load 28.0 Dead load 30.0
Live load 20.0 Live load 40.0

Design Example: Table 1.1




Two-Stage Seismic Analysis

» Several options for vertical combination of seismic force-resisting
systems (SFRS)

» Occurs when there are different R factors for the upper/lower portions

» Section 12.2.3.1 lets you design upper/lower separately, but have to
treat entire building as one mass

» Section 12.2.3.2 lets you design upper/lower separately and define the
base of the upper structure as the top of the lower structure

» Prevents the mass of the concrete podium from being inverted into the
upper wood portion of the building

Design Example: Section 3.2



Seismic Base

» Base is the level at which horizontal seismic ground motions are
imparted

» Base = top of podium (see ASCE 7 Section 12.2.3.2 item f)

Residential

Residential

Residential Residential

Residential

Residential Residential Residential

Residential

Residential

Residential Residential

6 Levels

Residential Residential

Residential Residential

Vi .e | System base
at top of
podium

Residential

Residential

Residential Residential

I J I ]

System base
at grade plane

HE 0 EEEE e EEEE——————

“ASCE 7 §12.2.3.1

Design Example: Section 3.2



Two-Stage Seismic Analysis

“Flexible upper portion above a rigid lower portion”

»

»

»

»

»

»

»

»

»

Stiffness of lower > 10x Stiffness of upper
Period of structure < 1.1x Period of upper
Upper designed using R ... and p .,

Lower designed using R, er aNd Power

Reactions from upper amplified by (R/p),,per / (R/P)ower = 1
Upper analyzed with ELF or modal response

Lower analyzed with ELF

Upper SFRS height limits measured from base of upper

Lower portion designed for overstrength as required

Design Example: Section 3.2



Two-Stage Seismic Analysis

“Flexible upper portion above a rigid lower portion”
» Stiffness of lower = 10x Stiffness of upper
» Stiffness, k = F/6

» Upper: for flexible diaphragms, use stiffness of a representative wall
(engineering judgement) based on shear wall loads & deflections

» Lower: for rigid, use stiffness from 3-D analysis

Design Example: Section 3.2.1



Flexible vs Rigid Diaphragms

» Idealized as flexible per ASCE 7-22 Section 12.3.1.1 ¢
» Calculated as flexible per ASCE 7-22 Section 12.3.1.3

» Calculated as rigid per SDPWS Section 4.1.7.2

» |f none of the above, assume semi-rigid

Save the Date:
Our December 10, 2025 webinar will cover this topic in more detail!

Design Example: Section 3.1.2



Two-Stage Seismic Analysis

“Flexible upper portion above a rigid lower portion”
» Period of structure < 1.1x Period of upper
» ASCE 7 Eq. 12.8-8:

y Ta=Ct(hn)X

» Often doesn’t meet criteria

» Rayleigh’s Method (ASCE 41):

> 1= 2 (5L wio?) /(22 )

Design Example: Section 3.2.2



Seismic Design Workflow

.

*Per ASCE 7 Section 12.2.3.2(a), the upper .
portion may also be analyzed using the
modal response spectrum procedure.

Design Example: Figure 3.1



Seismic Design Criteria
ASCE 7 Table 12.2-1

Light-frame wood walls sheathed Special reinforced concrete shear
with wood structural panels rated walls

for shear resistance

» R=6.5 » R=5.0

» Qy=3.0% » Q=25

» C4=4.0 » C4=5.0

* Reduced to 2.5 for flexible diaphragms

Design Example: Sections 3.2.3 & 3.2.4



Seismic & Site Data

» Site Class: D
» S¢=1.808g
» $,=0.692¢
» Spe=1.206¢
» Sp;=0.692¢

Design Example: Section 3.1

»

»

»

»

»

»

Risk Category: Il
Seismic Importance Factor: 1.0
Seismic Design Category: D

Seismic Response Coefficient,
C,=0.186

Seismic weight, W = 2,460 k

Base Shear,
V =0.186(2,460) = 458 k



Seismic Story Forces

» Story Force, F, = C,, x V

Table 3.1: Vertical distribution of seismic forces F’%  ———
Fe )l | | resicenial |

Vo LEH Yo L Fs oy e N |
Roof 420 29% 133.5 11.12 RN l
6th 510 28% 129.6 10.80 Fy  f| Resientl !
5th 510 21% 97.2 8.10 | || rescentia || |Vpase
4th 5 1 O 1 4% 6 4 8 5 4 0 Parking, Commercial, Office
3rd 510 7% 32.4 2.70 el
Sum 2 460 100% 458 -

A = area of the floor plate, which is 12,000 ft?

Design Example: Section 3.1.1 & Table 3.1



Seismic Forces to Typical Shear Wall

Table 3.4: Seismic forces to shear wall

Story-Level Force,
F (Ib)

Roof 9,397
6th 9,129
S 6,847
4th 4,564
S 2,282

Cumulative Force,
Ftotal (Ib)

9,397
18,526
25,373
29,938
32,220

Tributary Area from example is 845 sq ft.

Design Example: Table 3.4 & Figure 3.5
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Shear Wall Design single Table for
Wind and Seismic

Table 4.3A Nominal Unit Shear Capacities for Sheathed Wood-Frame Shi2ar Walls 3¢

S h e at h i n g Wood-based Panels 4 v

v - Nail Type & Size ® Panel Edge Nail Spacing (in.) F a St e I I e r
inimum Nali
N oﬁlll:::l“::n el Bearing Length in 6 4 3 2 :
Sheathing Material < Framing Member Length (in.) x Shank Vn Ga Vn Ga Vn Ga Vn Ga °
Thickness | "5 Biocking, ath (in)
(in.) in) 9> Cm diameter (In-)(:‘ l;"d (pif) (kipsfin.) | (pH) (kipsfin.) | (plf) (kipsfin.) | (pi) (kipsfin.) a C I n
0SB PLY 0SB PLY 0SB PLY 0SB PLY
— 516 1-1/4 (Zidocm':"; 2":;) ¢ |560 13 10 |84 18 13 1090 23 16 [1430 35 22
HocdiSiriturdi 382 —— 645 19 14 |1010 24 17 1290 30 20 |1710 43 24
Panels - 71162 1-3/8 s | 715 16 13 1105 21 16 |1415 27 19 1875 40 24
Stuctoral 4 (2-1/2x0.131x 0.281)
15/32 785 14 11 (1205 18 14 |1540 24 17 |2045 37 23
i
15132 14112 & :zd;:":(";";;?'a_m 950 22 16 (1430 20 20 1860 36 22 |2435 51 28
5116 s 6d common nail 505 13 905|755 18 12 | 980 24 14 1260 37 18
38 (2x0.113x0.266)® |560 11 85|80 15 11 [1090 20 13 |1430 32 17
2
N . 8 il 615 17 12 | 895 25 15 1150 31 17 |1485 45 20
Panels - 2 1-3/8
e 716 (@A2x0131x 0288 |70 16 11|80 22 14 1260 28 17 |1640 42 21
15/32 730 13 10 |1065 19 13 1370 25 15 1790 39 20
15/32 2 10d common nail 870 22 14 [1290 30 17 |1680 37 19 |2155 52 23
> 19/32 (3x0.148x0312)810 950 19 13 (1430 26 16 |1860 33 18 |2435 48 22
6d gatv.7 casing nail
1 114 1 17 1
N 5116 7 ey | W | 6 |70 1010 21
(o]
S i
38 1-3/8 (g‘: g’:’b b '1':%) 450 16 670 18 870 20 [1150 22
6d common nail
38 @xoit3xozes® |3® 18 [508 17 | 645 19 |80 22
Parti £ S
Sheathing - 38 8d common nail 365 18 |50 20 | 670 21 880 23
S oror 1” (@12x0.131x 0281)% 300 18 |se0 20 |75 22 |80 24
"Exterior Glue") 12 10d common nail 50 21 770 23 |1010 24 |1200 25
5/8 (3x0.148x0.312)® | 560 21 855 23 [1105 24 [1455 26
11 ga. galv.7 roofing nail
112 475 40 |6 50 |70 55
Sl (1112 x0.120 x 7/16)
iberboai
> = -
e | Sheathing 25/32 “(g‘; /gf;"g 1%):?};)3“ 475 4.0 645 5.0 730 55

Fa Ste ners 4 4 2021 AWC SDPWS



Shear Wall Design

» SDPWS 2021:

» ASD, SeismiC: Vsp = Vo /2.8 <

» ASD, wind: v 5p = Vypom/2.0
» LRFD, seismic: V;prp = Vpom * 0.50

» LRFD, wind: V;prp = Unom * 0.80

Read the footnotes!

» Reduce capacities if not Douglas-Fir-Larch or Southern Pine

Design Example: Section 3.3.4




Shear Wall Design
Sheathing and Nailing

Wall Length
(ft)
Roof 9,397 29
6th 18,526 29
S 25,373 29
4th 29,938 29
g {i: 32,220 29

ASD Design

Shear (plf)

227
447
612
723
778

Wall

Sheathed
1 or 2 sides

N R R R

Edge
Nailing
(in. o.c.)

B~ NN NNOD

Allowable
Shear (plf)

310
460
770
770
920

Design Example: Table 3.5




Shearwall edge ——s= Shearwall direction
—_—

Shear Wall Design

Continuous Tiedown System

(1) Strong-Rod or
Threaded Rod

ATUD/TUD BP/LBP

=} ATUD/TUD
BP/LBF Washers
PL Bearing plate

I

|3} Compression Post
See pp. 23—24 for compression
post assembly

ood or steel beam Image: S|mpson StrOng'T|e



Shear Wall Design

Compression Chord

Chord elements

(compression posts)x

Tiedown rod —

Design Example: Section 3.3.5 and Figures 3.6 & 3.8

End of shear wall \

Tiedown rod j

Boundary members T~

(compression posts) \

Coupler device K

Bearing plate

with shrinkage
compensating device —/

Constant distaM
from wall end



Shear Wall Design

Compression Chord

F'. = 450 psi F'., = 625 psi
Cg;‘::f;ﬁ;‘ D-C Ratio
Roof (6) 2x4 31.5 14.19 2.60 18%
6th (7) 2x4 36.8 16.55 3.11 49%
S (10) 2x4 52.5 23.65 15.94 67%
4th (13) 2x4 63.3 30.74 25.48 33%
3rd (16) 2x4 34.0 37.84 36.15 96%

Design Example: Section 3.3.5 and Table 3.9




Shear Wall Design

Tension Rod

E, = 58 ksi F,; = 43.5ksi
e Tension
Diameter D-C Ratio

. Demand (k)

(in.)
Roof 5/8 0.307 14.19 1.351 20%
6th 5/8 0.307 16.55 2.833 42%
5th 3/4 0.442 23.65 6.099 63%
4th 1 0.785 30.74 10.591 62%
3rd 11/8 0.994 37.84 15.742 73%

Design Example: Section 3.3.6 and Table 3.11




Shear Wall Design

Bearing Plate

» Check bearing capacity

» Check plate bending (not shown)

st e
Roof 3x3x3/8 8.48 14.19 1.351 23%
6th 3x3x3/8 8.48 16.55 1.482 25%
D 3x3%x1/2 9.81 23.65 3.266 48%
4th 3x4x5/8 10.89 30.74 4.492 60%
3rd 3x4x5/8 10.65 37.84 5.151 71%

Design Example: Section 3.3.6 and Table 3.12




Shear Wall Deflection

8vh3 vh hA
W — + -+ —“ (SPDWS Equation 4.3-1)
EAD 1,000G,4
Bending Shear Rigid body
deformation deformation rotation

»

»

»

»

+ nail slip

v = unit shear
E = modulus of elasticity of end posts
A = cross sectional area of end posts

G, = apparent shear stiffness

»

»

»

b = shear wall length
h = shear wall height

A,= vertical deformation of
wall anchorage system



Vertical Chord Deformation,

h ||l
Deformation '\\
from crushing, A_ ‘.‘
(measured at '. ';
centroid of , )
compression K

—— Tiedown system
displacement, A,
(measured at center

of tension rod)

posts) /C T¢

Design Example: Section 3.4.3 & Figure 3.9

Vertical chord
deformation,
A= (A+A) 2

d



Vertical Chord Deformation, A,

Take-Up
Device
Elongation

Rod Crushing

Under Post Bearing Plate

Crushing (in.)

Elongation

Roof
6th
gth
4th
3rd

(in.)

0.033
0.066
0.099
0.096
0.114

0.031
0.031
0.031
0.031
0.031

(in.)
0.030
0.030
0.030
0.030
0.030

(in.)

0.021
0.052
0.078
0.100
0.046

0.009
0.009
0.019
0.032
0.047

0.131
0.199
0.272
0.309
0.289

Design Example: Section 3.4.3 & Table 3.17A




Shear Wall Deflection (3-terms)

8vh3 vh hA,
SW " EAb + 1,000G, + b
Shear Chord
Force Post Edge G, A, 15t Term | 2" Term | 34 Term O,
Area Nailing | (k/in.) [ (in.) (in.) (in.) (in.) (in.)
(pIf) s
(in.2)
Roof 324 31.5 6” o.c. 22 0.131 0.002 0.147 0.045 0.194
6th 639 36.8 4” o.c. 30 0.199 0.003 0.213 0.069 0.284
Sth 875 52.5 2” o.c. 52 0.272 0.003 0.168 0.094 0.265
4th 1,032 68.3 2” o.c. 52 0.309 0.002 0.199 0.107 0.307
3rd 1,111 84.0 2x4” o.c. 60 0.289 0.002 0.185 0.100 0.287

Design Example: Section 3.4.4 & Table 3.18




Story Drift

Height (ft)
Roof 0.194 0.78 10 2.40
6th 0.284 1.14 10 2.40
i 0.265 1.06 10 2.40
4th 0.307 1.23 10 2.40
3rd 0.287 1.15 10 2.40

Design Example: Section 3.4.5 & Table 3.19



Reactions to Podium

» Gravity reactions applied directly to podium (no scaling)
» Seismic reactions (shear and overturning) from wood scaled up and
applied to podium

» (R/P)ypper / (R/P)iower 2 1

» Shear: often accounted for as a seismic weight included in concrete base
shear calculation

» Overturning often accounted for as point load reactions from wood shear
walls

Design Example: Section 3.5




Overstrength Loads

Podium supports discontinuous walls

» Shear and point loads must include overstrength, Q,, for the design of
the podium

» In ASCE 7, connections need not include overstrength (i.e. sill plate
anchors, tiedown anchors)

» In ACl 318, anchorage to concrete may require overstrength

Design Example: Section 3.5




Overstrength Loads

Alternative to Q,= 3.0

» Seismic overstrength load “need not be taken as larger than... the
capacity-limited horizontal seismic load effect” which is equal to
“the maximum force that can develop in the element as determined by
a rational, plastic mechanism analysis."

» Yielding of other elements limits the load that can be delivered to the
system

Design Example: Section 3.5




Key Resources

Five-Story Light-Frame
Wood Structure Over Podium

DESIGN EXAMPLE

S \WOODWORKS

A 4

www.woodworks.org

o
\ 4

UPDATED April 2019

WOODWORKS"

WOOD PRODUCTS COUNCIL

g X A M F

A Design Example of a
Cantilever Wood Diaphragm

O
&> WOODWORKS

WOOD PRODUCTS COUNCIL

Accommodating Shrinkage in
Multi-Story Wood-Frame Structures



http://www.woodworks.org/

QUESTIONS?

This concludes The American
Institute of Architects Continuing
Education Systems Course

Jose Machuca, SE Matt Cloninger, PE, SE
Holmes WoodWorks
jose.machuca@holmes.us matt.cloninger@woodworks.org
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This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 2025

Funding provided in part by the Softwood Lumber Board

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.
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