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Course Description

This seminar will focus on structural design strategies for mid-
rise wood-frame projects. As modern multi-family living 
evolves to achieve greater urban density while accommodating 
more amenities and long-term value, projects are growing 
larger, taller and incorporating more open space with views of 
the surrounding neighborhood. As the material of choice for 
many of these mid-rise projects, wood framing is well suited to 
accomplish these evolving trends in multi-family and mid-rise 
construction. However, along with a shift in the aesthetic and 
programmatic layout of these buildings has come a need to 
better frame the spaces and that onus is on the structural 
engineers. In addition, more and more of a building’s fire and 
life safety design considerations are becoming a joint effort 
with architect and engineer.

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



Outline

Section 1: Mid-Rise Fire and Life Safety 

Section 2: Structural Impacts of Mid-Rise

Section 3: Lateral Design of Wood-over-Podium 



Wood Mid-Rise Construction
How many stories can be wood framed in the IBC?

Photo credit: Matt Todd & PB Architects
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Podium

Benefits:
• Increased number 

of stories
• Accommodates 

Mixed-use 
occupancies

• Most expensive 
but can allow 
increased density

Multiple stories of wood over an elevated concrete 
deck



Podium

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

Inman Park Condos, Atlanta, GA
Davis & Church



Podium

5 stories over retail
• 100-120 units/acre

AvalonBay Stadium, Anaheim, CA
VanDorpe Chou Associates

Inman Park Condos, Atlanta, GA
Davis & Church



Podium

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

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



Mezzanine & Podium

5 stories with mezzanine + residential podium
• 125-145 units/acre

120 Union, San Diego, CA
Togawa Smith Martin
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Mid-Rise Construction Types

Type III
• Exterior walls non-combustible (may be FRTW)
• Interior elements any allowed by code

Type V
• All building elements are any allowed by code

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

Type IV (Heavy Timber)
• Exterior walls non-combustible (may be FRTW)
• Interior elements qualify as Heavy Timber



Mid-Rise Construction Types

Credit: Building Codes Illustrated



HN:-(O(8.*4"#$%",.*

2$'",[1&3,'?

8-"&,'

8-."&$#&*".

F11,%-



HN:-(OB(>-,+?"4(M(J#-&4

;%%$:&*%N S(./(
!".#,-4

>-,+?" J#-&(:-#(
!".#N

B$,'1,*+(
J#-&

/[4 4 X7(1" 6f;777(!K bX;777(!K

D b X7(1" 4c;777(!K f6;777(!K

2 4 X7(1" 4c;777(!K Wg;777(!K

8[4 b X7(1" 46;777(!K Xb;777(!K

!"#$%&' &)$*+, *-. &)#$*/&*-$#
0 $% 1"#$%&' &)#+.)-$+*,2%33+4)
5% 3+&) &)#+#$*-4) &*$+-6# &)7/+&).8

9$%&+)#2:)+6;$#2<&)*# +-4,/.) *,,%=*>,) +-4&)*#)# 3%& #?&+-@,)&#A >/$ )B4,/.) ?%$)-$+*,
3&%-$*6) +-4&)*#)



Type VA Heights & Areas

Occupancy # of 
Stories

Height Area per 
Story

Building 
Area

A-2 3 70 ft 34,500 SF 103,500 SF

B 4 70 ft 54,000 SF 162,000 SF

M 4 70 ft 42,000 SF 126,000 SF

R-2 4 70 ft 36,000 SF 108,000 SF

3 to 4-story residential/office
1-hour fire resistance rating required for most 
building elements

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

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

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

Ty
pe

 IA

3Hr
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Wood Within Podium Level(s)

2021 IBC allows stairs 
below the podium to be 
framed with wood if 
building above podium is 
type III, IV or V

Credit: WoodWorks



Sloped Sites

626 Dekalb Avenue, Atlanta, GA 
Matt Church - Davis Church Structural Engineers

GRADE PLANE. A reference plane 
representing the average of finished ground 
level adjoining the building at exterior walls. 
Where the finished ground level slopes away 
from the exterior walls, the reference plane 
shall be established by the lowest points 
within the area between the building and the 
lot line or, where the lot line is more than 6 
feet (1829 mm) from the building, between 
the building and a point 6 feet (1829 mm) 
from the building.

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



Basements

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

Basement is defined as that where 
the finished surface of the floor 
next above is: 
• Less than 6 feet above grade 

plane or
• Less than 12 feet above the 

finished ground level at any point
Fashion Valley, CA
AvalonBay Communities 



Mixed Occupancies





Building Configuration Options

Many buildings 
utilize a higher 
construction type 
than necessary 
due to traditional 
practice. This can 
have an impact on 
fire ratings, 
materials and 
ultimately cost. 



Building Configuration Options

Mixed-use occupancies on 
1st floor of residential 
buildings often require 
longer spans for open areas 
(parking, retail, assembly). 
Structurally, this may require 
steel or concrete framing. 
This doesn’t mean that it has 
to be a Type IA podium, can 
use these materials in any
construction type (IBC 
602.1.1)

Credit: Brett Drury



Parking Under Mid-Rise

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

above parking
• Floor separating parking & group R: 

• Same construction type as 
parking hourly rating per Table 
508.4 and/or 601

Credit: WoodWorks



Building Configuration Options

Example:
5 story building
1st floor: parking
2nd-5th floors residential
Options:
4-story, type VA over 1 story type IA (podium provision – IBC 510.2)
4 Stories of type VA over 1 story type IV (open) or type I (IBC 510.4) no ”podium” 
req’d
5 stories of type III (enclosed parking only) sep. or non-sep. occupancies

Image Credit: Stratos



Building Configuration Options

Example:
7 story building 
(6 above grade)
Basement: parking
1st-6th floors: residential
Options:
5-story, type III over 1 story type IA (podium provision – IBC 510.2)
4-story, type VA over 2 story podium (podium provision 2015 IBC 510.2)
6-story type IIIA (IBC 510.5 – requires 3000 ft2 max areas & other limitations)

Image credit: Mahlum



Building Configuration Options

Example:
5 story hotel
1st floor: lobby, restaurant, fitness center, conference rooms, residential
2nd-5th floors residential
Option 1:
4-story, type VA over 1 story type IA (podium provision – IBC 510.2)
Mixed-use on 1st floor handled with separated/non-separated occupancies 
considering that floor only



Building Configuration Options

Example:
5 story hotel
1st floor: lobby, restaurant, fitness center, conference rooms, residential
2nd-5th floors residential
Option 2:
5-story, type III (with or without firewalls for area limitations)
Mixed-use on 1st floor handled with separated/non-separated occupancies 
considering all floors



Building Configuration Options

Example:
T- and L-shaped buildings – common 
in hotels, often with large floor 
areas



Building Configuration Options

These building configurations 
may lend themselves well to use 
of firewalls at building 
intersections. 
Minimize length/impact of 
firewall while maximizing 
allowable building area
may allow lower construction 
type (i.e. type IIIB instead of IIIA)

Firewall

Building 1

Bu
ild

in
g 

2

Building 3
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Balconies – IBC 1406.3

Balconies of combustible construction and not FRT 
shall be:
• Rated in accordance w/ Table 601 for floors
• Or be of Type IV 
• And shall not exceed 50% of bldg perimeter
Exceptions
• Balconies in Type III, IV and V can be of type V 

const and shall not have fire resistance rating if 
sprinkler protection provided

• Untreated wood is permitted for rails and 
guardrails
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Let’s Take a Break



Let’s Talk Structure

Credit: WoodWorks



Structure and Fire & Life Safety

Can’t Live in Separate Bubbles
Credit: Greg Folkins



Structure and Fire & Life Safety

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

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

type)

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

Credit: Brett Drury
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Exterior Walls – Vertical Offsets

No less than 
Same rating 
as wall above

Exterior wall

Exterior wall

There is no requirement for an exterior wall to 
extend to the foundation in a stepped building. 

Posts, beams or 
walls, that support a 
rated exterior wall 
must be fire –
resistance rated not 
less than the rating 
of the supported 
wall (IBC  704.1 )



Type III Exterior Walls – FRT 

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

What does this FRTW requirement include?
• Wall Framing (Studs & Plates) – Yes
• Headers – Yes
• Wall Sheathing – Yes
• Floor sheathing - ?
• Rim Joist- ?
• Floor Joists- ?

Credit: WoodWorks



Type III Exterior Walls – FRT 

Long Span Headers in Type III

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

• FRT EWP availability?
• Non-FRT wood options?
• Non-combustible materials?

Credit: WoodWorks



Exterior Walls – Intersecting Floors

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

Credit: WoodWorks
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Type III Exterior Walls – FRT 

Structural Impacts of using FRTW
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PT Sole Plate vs FRT Continuity

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

• FRTW is required

• PT wood is required

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

Can specify a product 
tested to do both 



Accommodating 
Wood Shrinkage

Credit: Greg Folkins



Shrinkage Code Requirements

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

When does wood shrink?
• After MC drops below FSP 

– bound water is removed

Why does wood shrink?
• Loss of moisture bound to 

cell wall changes thickness 
of cell wall

Is shrinkage uniform across 
all dimensions of a piece of 
lumber?
• No…
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Shrinkage Calculations

Initial or Installed moisture content (MC)
• Typically specified by Structural EoR
• 19% max MC is common
• Green or 15% max MC 

also available in select 
markets

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

• MC at time of finish 
install can be much 
higher or lower
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Minimizing Shrinkage – Detailing

FLOOR TRUSS

STUD WALL, SEE
SCHEDULE (TYP)

T/SHEATHING
SEE PLAN

FLOOR SHEATHING

TOP FLANGE
HANGER

WALL SHEATHING,
AS REQUIRED

SHRINKAGE ZONE:
2x SILL PLATE
(2) 2x TOP PLATE
4 1/2" TOTAL

2x SILL PLATE

2x BLOCKING

(2) 2x TOP PLATESHRINKAGE ZONE:
2x SILL PLATE
2x12 FLOOR JOIST
(2) 2x TOP PLATE
15 3/4" TOTAL

2x JOISTS

Images: Schaefer



Platform Detail:
15.75” Shrinkage Zone
19% MC Initial
12% EMC

S = (0.0025)(15.75”)(12-19) = 
0.28”

5-story building: 1.4” total

Minimizing Shrinkage – Detailing

Semi-Balloon Detail:
4.5” Shrinkage Zone
19% MC Initial
12% EMC

S = (0.0025)(4.5”)(12-19) = 0.08”

5-story building: 0.4” total



Minimizing Shrinkage - Detailing

Semi-balloon framing:
• Incorporates floor framing hanging 

from top plates 
• Floor framing/rim joist doesn’t 

contribute to shrinkage

Non-standard stud lengths and 
increased hardware requirements 
should be considered
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Differential Movement – Veneer Transition

MASONRY VENEER,
SEE ARCH

MASONRY SILL

NOTE: SIZE OF CAULK JOINT
SHALL BE TWICE THE
ANTICIPATED DIFFERENTIAL
MOVEMENT BETWEEN THE
VENEER AND WOOD STRUCTURE

FIBER CEMENT SIDING, SEE ARCH

2x STUD

EXTERIOR WALL
SHEATHING

SEALANT & BACKER
ROD, SEE ARCH

 

WEATHER RESISTANT
BARRIER & FLASHING,
SEE ARCH

Image: Schaefer
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Differential Movement – Veneer Opening

BRICK VENEER,
SEE ARCH

WEATHER RESISTANT
BARRIER & FLASHING,
SEE ARCH

EXTERIOR WALL
SHEATHING

WINDOW, SEE ARCH

2x STUD

PROVIDE GAP BETWEEN TOP
OF SILL FLASHING & BOTTOM
OF COUNTER FLASHING AS
NEEDED TO ACCOMMODATE
DIFFERENTIAL MOVEMENT.
PROVIDE 1/2" LAP JOINT OF
COUNTER FLASHING OVER
SILL FLASHING

COMPRESSIBLE FLASHING
BACKING AS REQUIRED

SILL FLASHING
ATTACHMENT CLIPS
FOR SILL FLASHING

COUNTER FLASHING
SEALANT & BACKER ROD

Image: Schaefer

Image: RDH Building Science



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

Horizontal tees often 
installed in wood 
stud partitions

Differential Movement - MEP
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Oval cutout options for Horizontal Pipe
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Vertical Stacks – Compensation Devices Installed
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Floor Vibration Design



Structural Floor Design

Common Wood 
Floor Assembly:

LW Concrete Topping
Acoustical Mat
Wood Floor Sheathing
Wood Trusses/I-joists
Batt Insulation
Resilient Channel
Gypsum Ceiling
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Stacked Bearing Wall Design
Credit: WoodWorks



Bearing Wall Studs: Stacking Loads

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

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

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

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

Need 2-2x6 studs @ 16” o.c.



Bearing Wall Studs: Stacking Loads

Options for lower level, stacked bearing wall studs:
• Specify SP or DF plates – up to 40% increase in allowable loads 

– Fc perp= 565 psi to 625psi 
• Specify LSL or LVL plates – 75% increase in capacity
• Decrease stud spacing from 16" o.c. to 12” o.c. - 33% increase 

in capacity
• Double studs – 100% increase in capacity
• Increase the depth of the wall – 2x6 at upper, 2x8 at lower
• Add interior bearing walls at lower levels
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Bearing Wall Design

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

Credit: WoodWorks
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Bearing Wall Design

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

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

Credit: WoodWorks



Bearing Wall Design

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

Credit: AWC
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Non-Bearing Wall Design

Credit: WoodWorks



Credit: WoodWorks



Shear Wall to Podium Slab Interface

Credit: Fasten Master



Shear Wall to Podium Slab Interface

Credit: WoodWorks
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Wall Blocking Requirements

Credit: WoodWorks



Wall Blocking Requirements

• When do you need blocking?
• What is the required blocking capacity?
• What is the required blocking size and orientation?
• Does blocking depth need to match wall stud depth?
• What about unique conditions like staggered stud 

walls?

Credit: WoodWorks



Wall Blocking Requirements

• Slenderness ratio limits
• Weak axis stud buckling
• Shearwall panel edge blocking
• Fire blocking

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

NDS Appendix A.11.3:

Credit: WoodWorks
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Attaching to Walls Through Gypsum

In some cases (fire-rated wall 
assemblies, porch ledgers) 
required to fasten wood ledger 
to wall framing through layer(s) 
of gypsum

NDS contains provisions for 
connections with shear planes 
in direct contact

Credit: WoodWorks
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Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)
• Measures how effectively an assembly isolates air-borne sound and 

reduces the level that passes from one side to the other 
• Applies to walls and floor/ceiling assemblies



Acoustical Design

Structure-borne sound:
Impact Insulation Class (IIC)
• Evaluates how effectively an assembly blocks impact sound from 

passing through it
• Only applies to floor/ceiling assemblies



Acoustical Design

Code requirements only address residential occupancies:

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

Min. STC of 50 (45 if field tested):
• Walls, Partitions, and Floor/Ceiling 

Assemblies

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

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

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

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

• Can I add wood structural panels to an acoustically 
tested wall?

Yes, but 
placement is 
very important!

Credit: WoodWorks
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Let’s Take a Break



Wind Load Distribution to ShearwallsLateral Design Topics



FOLLOW 
THE 

LOAD



Photo credit: Matt Todd & PB Architects

Following the load…



Load Path Continuity

Photo credit: Matt Todd & PB Architects
Karuna I
Holst Architecture

Photo: Terry Malone
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Compression Post Size & Sole Plate Crush 

Level Compression Required 
Bearing 

Area

Post 
Size

Story Sole 
Plate 
Crush

5x Sole Plate 
Crush

5th Floor 1.9 k 4.4 in2 (2)-2x4 0.011” 0.057”

4th Floor 5.1 k 11.9 in2 (2)-4x4 0.013” 0.067”

3rd Floor 9.6 k 22.6 in2 (2)-4x4 0.034” 0.171”

2nd Floor 15.4 k 36.3 in2 (3)-4x4 0.039” 0.195”

1st Floor 22.5 k 39.8 in2 (4)-4x4 0.026” 0.13”

Floors 2-5 use S-P-F #2 Sole Plate, Fcperp = 425 psi
Floor 1 use SYP #2 Sole Plate, Fcperp = 565 psi
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Tie Down Rod Size & Elongation

Level Plate 
Hght

Tension Rod 
Dia.

Steel Rod 
Capacity

Rod Elong.

5th

Floor
10 ft 1.9 k 3/8” A36 2.4 k 0.10”

4th

Floor
10 ft 5.1 k 5/8” A36 6.7 k 0.09”

3rd

Floor
10 ft 9.6 k 5/8” A193 14.4 k 0.18”

2nd

Floor
10 ft 15.4 k 3/4” A193 20.7 k 0.19”

1st

Floor
10 ft 22.5 k 7/8” A193 28.2 k 0.2”
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Bearing Plate Size & Thickness

Level
Bearing Plate Bearing 

Load
Allow. 

Bearing 
Capacity

Bearing 
Plate 
Crush

W L T Hole 
Area

Abrng

5th

Floor
3 in 3.5 in 3/8” 0.25 

in2
10.25 

in2
1.9 k 4.4 k 0.012”

4th

Floor
3 in 3.5 in 3/8” 0.518 

in2
9.98 in2 3.2 k 4.2 k 0.022”

3rd

Floor
3 in 5.5 in 1/2” 0.518

in2
15.98 

in2
4.5 k 6.8 k 0.018”

2nd

Floor
3 in 5.5 in 1/2” 0.69 

in2
15.8 in2 5.8 k 6.7 k 0.03”

1st

Floor
3 in 8.5 in 7/8” 0.89 

in2
24.6 in2 7.0 k 10.4 k 0.014”
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Accumulative Movement

Level Rod 
Elong.

Shrinkage Sole
Plate 
Crush

Bearing 
Plate
Crush

Take Up 
Deflect. 
Elong.

Total 
Displac.

5th

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

4th

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

3rd

Floor
0.18” 0.03” 0.171” 0.018” 0.03” 0.43”

2nd

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

1st

Floor
0.2” 0.03” 0.13” 0.014” 0.03” 0.4”

With Shrinkage Compensating Devices
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Shearwall Deflection

Level Unit 
Shear

End 
Post A

End 
Post E

Ga Total 
Displace.

Deflection

5th

Floor
179 plf 10.5 in2 1400 

ksi
10 k/in 0.23” 0.26”

4th

Floor
310 plf 24.5 in2 1400 

ksi
10 k/in 0.24” 0.4”

3rd

Floor
438 plf 24.5 in2 1400 

ksi
10 k/in 0.43” 0.59”

2nd

Floor
562 plf 36.8 in2 1400 

ksi
13 k/in 0.48” 0.6”

1st

Floor
679 plf 49 in2 1400 

ksi
13 k/in 0.4” 0.67”
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Shearwall Deflection Criteria for Wind

Wind Forces
Consensus is that ASD design level forces are too conservative 
for building/frame drift check due to wind
• Commentary to ASCE 7-10 Appendix C suggests that some 

recommend using 10 year return period wind forces:
• ~ 70% of 700 return period wind (ultimate wind speed 

for risk category II buildings)
• Others (AISC Design Guide 3) recommend using 75% of 50 

year return period forces

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



Diaphragm Design
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Diaphragm Chords

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

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

• Diaphragm Boundary Elements:
• Chords, drag struts, collectors, Shear walls, 

frames
• Boundary member locations:

• Diaphragm and shear wall  perimeters
• Interior  openings
• Areas of discontinuity
• Re-entrant corners. 



Diaphragm Design - Deflection

84’

34’

10’6’ 8’5’

6’

6’

6’
6’

6’

29’24’

V = 6,325 lb
See SDPWS example C4.2.2-3 & APA L350 for design examples

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

C = 3,907 lb

w = 150.6 plf

Mmax = 132,829 lb-ft

T = 3,907 lb

ndiaphragm = 186 plf



Diaphragm Design – Deflection
From SDPWS commentary:
The total mid-span deflection of a blocked, uniformly nailed (e.g. same 
panel edge nailing) wood structural panel diaphragm can be 
calculated by summing the effects of four sources of deflection: 
• Framing bending deflection
• Panel shear deflection
• Deflection from nail slip
• Deflection due to chord splice slip

SDPWS equation C4.2.2-1:



Diaphragm Design – Deflection

From SDPWS: Assuming butt joints in the compression chord are not tight and 
have a gap that exceeds the splice slip, the tension chord slip calculation is also 
applicable to the compression chord.
x*Δtension chord = x*Δtension chord = 3.86 in-ft

Δchord splice =    3.86 + 3.86
2 (34’)

Δchord splice =  0.114”

ddia =  (0.088 + 0.047 + 0.063 + 0.114) 2.5     (2.5 to account for unblocked 
diaphragm)
ddia =  0.78”



Flexibility and Redundancy Design Challenges

A variety of challenges often occur on projects due to:

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

• Increased building heights, and 
• Potential multi-story shear wall effects. 

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



Codes and Standards

Flexibility and Redundancy Design Challenges

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

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

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



Light Frame Wood Diaphragms often default to 
Flexible Diaphragms

Code Basis:  ASCE 7-10 26.2 Definitions (Wind)
Diaphragms constructed of 
wood structural panels are 
permitted to be idealized as 
flexible

Rigid or Flexible Diaphragm?
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Light Frame Wood Diaphragms often default to Flexible Diaphragms

Code Basis:  ASCE 7-10 26.2 Definitions (Wind)
Diaphragms constructed of wood structural panels are permitted to be idealized as 
flexible

Code Basis:  ASCE 7-10 12.3.1.1  (Seismic)
Diaphragms constructed of untopped steel decking or wood structural panels are 
permitted to be idealized as flexible if any of the following conditions exist:
[…]
c. In structures of light-frame construction where all of the following conditions are 
met:

1. Topping of concrete or similar materials is not placed over wood structural 
panel diaphragms except for nonstructural topping no greater than 1 1/2 in. 
thick.
2. Each line of vertical elements of the seismic force resisting system complies 
with the allowable story drift of Table 12.12-1..

Rigid or Flexible Diaphragm?
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ASCE 7-10 12.3.1.3  (Seismic) 

[Diaphragms] are permitted to be idealized as flexible where the computed

maximum in-plane deflection of the diaphragm under lateral load is more 
than two times the average story drift of adjoining vertical elements of 
the seismic force-resisting system of the associated story under equivalent 
tributary lateral load as shown in Fig. 12.3-1.

IBC 2012 Chapter 2 Definition (Wind & Seismic)

A diaphragm is rigid for the purpose of distribution of story shear 
and torsional moment when the lateral deformation of the 
diaphragm is less than or equal to two times the average story 
drift. 

Can a Rigid Diaphragm be Justified?

Average drift 
of walls

Maximum 
diaphragm 
deflection



Some Advantages of Rigid Diaphragm
• More load (plf) to longer interior/corridor walls
• Less load (plf) to narrow walls where overturning restraint is tougher
• Can tune loads to walls and wall lines by changing stiffness of walls

Some Disadvantages of Rigid Diaphragm
• Considerations of torsional loading necessary 
• More complicated calculations to distribute load to shear walls
• May underestimate “Real” loads to narrow exterior walls
• Justification of rigid assumption

Rigid Diaphragm Analysis



Semi-Rigid Diaphragm Analysis
• Neither idealized flexible nor idealized rigid
• Explicit modeling of diaphragm deformations with shear wall 
deformations to distribute lateral loads

• Not easy

Enveloping Method
• Idealized as BOTH flexible and rigid.
• Individual components designed for worst case from each approach
• Been around a while, officially recognized in the 2015 SDPWS

Two More Diaphragm Approaches
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Tie Down Attachment to Concrete

Source: Strongtie



Tie Down Bolt with Washer

Source: Strongtie
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Embedded Steel Plates – Weld on Rods



Tie Down Anchors – Precast Through Bolt



Tie Down Anchors – Through Podium



Discontinuous Shear Walls

Photo credit: Matt Todd & PB Architects
Karuna I
Holst Architecture

Photo: Terry Malone
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Questions?

This concludes The 
American Institute of 
Architects Continuing 
Education Systems 
Course

Marc Rivard, PE, SE
Marc.rivard@woodworks.org

Ricky McLain, PE, SE
Ricky.mclain@woodworks.org

WoodWorks – Wood Products Council

http://woodworks.org
http://woodworks.org
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