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▪ 2021 IBC/ 2022 CBC & reference AISI 
standards

▪ CFS light-frame construction

▪ CFS framed shear wall design example

▪ CFS wall stud bracing and design
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CFS building design example topics
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Cold-
Formed 
Steel (CFS) 
Design 
References 
& 2021 IBC 
Provisions
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CFS design standards & references
• AISI S100-16/S2-20 (Ref’d by 2021 IBC/ 2022 CBC), 

similar design provisions as S100-12 but re-formatted. 

• AISI Standards (2020):  S240-20 CFS  Structural Framing and 
S400-20 Seismic Design of CFS  Structural Systems (Ref’d by 
2021 IBC/ 2022 CBC, and S100). 

• AISI CFS Design Manual (D100-17) based on S100-16 [Similar to 
AIS C Steel Construction Manual]

*  CFS support online: www.steel.org, www.steelframing.org,

www.cfsei.org, www.buildsteel.org 

• Cold-Formed Steel Design, Fifth Edition

• AISI D110-16 CFS Framing Design Guide for S100 and S240 and 
AISI D113-19 Shear Wall Design Guide for S240 and S400

• SEAOC Structural/Seismic Design Manual – 2021 IBC Examples 
(Force transfer & CFS  Ex.’s  in Vol. 2)

Download free 
specifications and 

standards at 
CFSEI website!
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2021 IBC CFS design provisions
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IBC CFS light-frame design provisions
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AISI CFS light-frame terminology

8

7

8



SEAOC | STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

CFS framing terminology

SSMA Catalog

AISI S240

SFIA Catalog
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AISI S100 
Specification
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S100-12 to S100-16 reorganization
AISI S100-12 (2015 IBC reference) 

A. General Provisions
B. Elements
C. Members
D. Structural Assemblies and 

Systems
E. Connections and Joints
F. Tests for Special Cases
G. Design for Fatigue

Appendix 1, Dsn. of CFS  Structural 
Mbrs. using Direct Strength Method
App. 2, Second-Order Analysis
App. A, Provisions Applicable to the 
U.S . and Mexico
App. B, Provisions Applicable to 
Canada

AISI S100-16

A. General Provisions
B. Design Requirements
C. Design for Stability
D. Members in Tension
E. Members in Compression
F. Members in Flexure
G. Members in Shear and Web Crippling
H. Members under Combined Forces
I. Assemblies and Systems
J. Connections and Joints
K. Strength for Special Cases
L. Design for Serviceability
M. Design for Fatigue

Appendix 1, Effective Width of Elements
App. 2, Elastic Buckling Analysis  of Mbrs.
App. A, Provisions for U.S . and Mexico
App. B, Provisions for Canada

S100 new format, similar to AISC 360
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AISI S100 scope & applicability
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S100-12 vs. S100-16 section reference
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AISI S240 
and S400 
CFS 
Framing 
Standards
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AISI S240: North American Standard for Cold-Formed Steel 
Structural Framing (S240 first adopted into 2018 IBC)

• Consolidated into single standard in 2015:

• AISI S200: General Provisions

• AISI S210: Floor and Roof System Design

• AISI S211: Wall Stud Design

• AISI S212: Header Design

• AISI S213: Lateral Design

• AISI S214: Truss Design

AISI S240-20

S240 & S400 provides 
performance provisions for 
framing assemblies
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S200 series vs. S240-15 section reference
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S240-20 scope and applicability
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A2 Definitions, A2.1 Terms

Available Strength. Design strength or allowable strength, as appropriate. 

Chord. Member of a shear wall, strap braced wall or diaphragm that forms the 
perimeter, interior opening, discontinuity or re-entrant corner.

Chord Stud. Axial load-bearing studs located at the ends of Type I shear walls 
or Type II shear wall segments or strap braced walls.

Collector. Also known as a drag strut, a member parallel to the applied load
that serves to transfer forces between diaphragms and members of the lateral 
force-resisting system or distributes forces within the diaphragm.

Lateral Force-Resisting System. The structural elements and connections
required to resist racking and overturning due to wind forces or seismic forces,
or other predominantly horizontal forces, or combination thereof, imposed
upon the structure in accordance with the applicable building code.

Required Strength. Forces, stresses, and deformations produced in a structural 
component, determined by either structural analysis, for the LRFD or AS D 
load combinations , as appropriate, or as specified by this Standard. 

Seismic Force-Resisting System. That part of the structural system that has 
been selected in the design to provide energy dissipation and the required 
resistance to seismic forces prescribed in the applicable building code.

S240 definitions
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S240 built-up section design

Courtesy: Dr. Roger 
LaBoube
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S240 wall stud bracing
Wall Stud Bracing: Steel Based Design

Strap & Blocking

Channel & 
Clip Angle

2016 AISI Design 
Guide (D110-16)
Bracing Design 
Examples

Proprietary 
Solutions 20
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S240 wall stud bracing
Wall Stud Bracing: Steel Based Design

AISI S240 B3.4.1: Intermediate Brace Design

• For axial loaded members, each intermediate brace shall be designed for 2% of 
the design compression load in the member. 

• For combined bending and axial loads, each intermediate brace shall be 
designed for the combined brace force determined by C2.2.1 of S100 and 2% 
of design compression force in member.

• Brace forces are accumulative between anchorage points (S240 Comm. 
Section B3.4).

600S162-54 intermediate studs (8) 600S162-54 chord studs
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S240 wall stud bracing
Wall Stud Flange Bracing: Steel Based Design

Bridging Anchorage

AISI S110 Figure
22
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S240 wall stud bracing
Wall Stud Flange Bracing: Steel Based Design

Design using either AISI S240 or S100

AISI S100-16
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S240 wall stud bracing
AISI S240 Section B1.2.2.1(b): Sheathing Braced Design

S240 explicitly permits 
the use of sheathing 
bracing for one stud 
flange and discrete 
bracing (steel) for the 
other. [New in 2015]
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AISI S400-20

AISI S400: North American Standard for Seismic 
Design of Cold-Formed Steel Structural Systems 
(S400 first adopted into 2018 IBC)

• Consolidated into single standard in 2015:

• AISI S110: Special Bolted Moment Frame
• AISI S213: Lateral Design (seismic provisions only)
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S400 scope and applicability
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A2 Definitions, A2.1 Terms

Capacity-Based Design. Design of lateral force-resisting systems according to capacity design 
principles to resist the maximum anticipated seismic loads. 

User Note:

Capacity design principles for design of a seismic force-resisting system include all of the following: a) specific elements or 
mechanisms are design to dissipate energy; b) all other elements are sufficiently strong for this energy dissipation to be achieved; c) 
structural integrity is maintained; d) elements and connections in the horizontal and vertical load paths are designed to resist these 
seismic loads and corresponding principal and companion loads as defined by the NBCC; e) diaphragms and collector elements are 
capable of transmitting the loads developed at each level to the vertical seismic force-resisting system; and f) these loads are 
transmitted to the foundation. [Canada]

Designated Energy Dissipating Mechanism. Selected portion of the seismic force-resisting 
system designed and detailed to dissipate energy. 

Lateral Force-Resisting System. The structural elements and connections required to resist 
racking and overturning due to wind forces or seismic forces, or other predominantly horizontal 
forces, or combination thereof, imposed upon the structure in accordance with the applicable 
building code.

Required Strength. Forces, stresses, and deformations produced in a structural component, 
determined by either structural analysis, for the LRFD or ASD load combinations , as 
appropriate, or as specified by this Standard. 

Seismic Force-Resisting System. That part of the structural system that has been selected in the 
design to provide energy dissipation and the required resistance to seismic forces prescribed in 
the applicable building code.

S400 definitions
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S400 expected strength
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S400 WSP shear wall provisions
E1 CFS Light Frame Shear Walls Sheathed with Wood Structural 
Panels

E1.1 Scope
E1.2 Basis of Design

E1.2.1 Designated Energy-Dissipating Mechanism
E1.2.2 Seismic Design Parameters [Seismic Force 

Modification Factors and Limitations] 
E1.2.3 Type I or Type II Shear Walls
E1.2.4  Seismic Load Effects Contributed by Masonry 

and Concrete Walls
E1.3 Shear Strength

E1.3.1 Nominal Strength [Resistance] 
E1.3.2 Available Strength [Factored Resistance]
E1.3.3 Expected Strength [Probable Resistance]

E1.4 Systems Requirements
E1.4.1 Type I Shear Walls
E1.4.2 Type II Shear Walls
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S400 DEDM & expected strength

Courtesy: Boudreault, 2005.
Report on shear wall testing at 
McGill University, Montreal

Expected strength 
load typically not less 
than overstrength
load combinations

[Revised in 2020]

[New in 2015]
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S400 shear wall required strength

[New in 2015]

[New in 2020]
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Type 1 shear wall deflection

Deflection of a blocked wood or sheet steel shear wall eq. variables:

Ac = Gross cross-sectional area of chord member

b = Length of shear wall

Es = Modulus of elasticity of steel

G = Shear modulus of sheathing material

h = Wall height

s = Maximum fastener spacing at panel edges

t sheathing = Nominal panel thickness
t stud = Stud designation thickness
v = Shear demand
v = Vertical deformation of anchorage/attachment details
b = 67.5 Plywood, 55 OSB, and 29.12(t sheathing/0.018) sheet steel
r = 1.85 Plywood, 1.05 OSB, 0.075(t sheathing/0.018) 
w1 = s/6
w2 = 0.033/t stud
w3 = ((h/b)/2)^1/2
w4 = 1 for wood sheathing, (33/Fy)^1/2

Flexure  +  Shear  +  Non-linear Effects  +  Hold-down
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S400 diaphragm provisions
F. Diaphragms

F1 General
F1.1 Scope
F1.2 Design Basis
F1.3 Required Strength

F1.3.1 Diaphragm Stiffness
F1.3.2 Seismic Load Effects Including Overstrength

F1.4 Shear Strength
F1.4.1 Nominal Strength (By prin. of mech. or tabulated)

F1.4.1.1 Diap. Sheathed with WSPs
F1.4.1.2 Diap. Sheathed with Profiled Steel Panels 

F1.4.2 Available Strength
F2 CFS Diaphragms Sheathed with WSPs

F2.1 Scope
F2.2 Additional Design Requirements

F2.2.1 Seismic Detailing Requirements 
F2.2.2 Seismic Load Effects Contributed by Masonry 

and Concrete Walls
F2.3 Required Strength

F2.3.1 Diaphragm Stiffness
F2.4 Shear Strength

F2.4.1 Nominal Strength (Table F2.4-1)
F2.4.2 Available Strength
F2.4.3 Design Deflection (S 240 Eq. B5.4.2.4-1)

F2.5 Requirements Where R is Greater Than Three
F3 Bare Steel Deck Diaphragms

[New in 2020]
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CFS Light-
Frame 
Constructio
n
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CFS Framing Types
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CFS Framing Types

Platform Framed

Ledger Framed

Platform Framed
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CFS Framing Types

Courtesy Dr. Schafer, Johns Hopkins
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CFSF SW: Design Method
General Design Procedure:

1. Determine design loads (gravity, wind, seismic, lateral earth 
pressure, etc.)

2. Determine shear wall type/ fasteners based on published shear 
wall shear strength determined using AISI S240 or S400.

3. Size boundary members and supporting elements of the shear 
wall.

4. Determine the overturning and shear restraint required.

5. Check the story drift and adjust the design as required.

6. Design the collector to shear wall connection

7. Select hold-down steel anchor rod material and diameter per 
AISI S240 or S400 (amplified seismic load < available strength for 
R ≠ 3) and design conc. anchorage per ACI 318 Chap. 17.
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CFSF SW: Sheathing
• Mechanical fasteners attaching sheathing to framing 

members. Sheathing types:

o Wood structural panel (WSP)   [R = 6.5, Max. A.R. 4:1]

o Steel sheet    [R = 6.5, Max. A.R. 4:1]

o Gypsum [R = 2.0, SDC  A-D, Max. A.R. 2:1]

o Fiberboard [R = 2.0, SDC  A-D, Max. A.R. 1:1]

39
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CFSF SW: Fasteners

Courtesy C.A. Rogers, McGill University, Montréal
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Effect of overdriving sheathing fasteners (3/8 in. plywood)

≈ 50% of sheathing 
screws overdriven

100% sheathing 
screws flush
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CFSF SW: Fasteners
AISI S240 C4.1.4

[New in 2020]
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CFSF SW: Fasteners
Full-scale wood sheathed CFS framed shear wall tests comparing 
assemblies

• 2 in. and 6 in. on center panel edge fastener spacing
• Winged versus non-winged tipped self-tapping screws
• 20% design shear strength reduction
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CFSF SW: Fasteners

Screw attaching CFS track through wood 
sheathing into wood rim joist:
- Pre-drill track and use wood screw or lag screw

- NDS values do not apply to self-drilling tapping screw as 
drill tip removes more material and will lead to additional 
movement than typical wood screw or lag screw
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CFSF SW: Fasteners
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CFSF SW: Overturning
Dead Load Resisting Shear Wall Overturning
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Shear Wall 
Design 
Example
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SW Dsn. Ex.: Location and dimensions

Building B

Three‐Story Light‐Frame Multifamily Building Design Using Cold-Formed
Steel Wall Framing and Wood Floor and Roof Framing
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SW Dsn. Ex.: Parameters

48

47

48



SEAOC | STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

SW Dsn. Ex.: Assembly Selection
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SW Dsn. Ex.: Chord Studs & OT Res.

W0 & WE
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SW Dsn. Ex.: Chord Studs & OT Res.

51

SEAOC | STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

SW Dsn. Ex.: Chord Studs & OT Res.

WTD = Total wall and floor weight (Table 3-37)
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SW Dsn. Ex.: OT Restraint (T)
Continuous Rod Tie-
Down System Load 
Path

T C

F

3rd story OT restraint
Bridge Block Assembly to 
Rod

2nd story OT restraint
Bearing Plate to Rod

1st story OT restraint
Bearing Plate to Rod

OT Restraint System 
Anchorage
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SW Dsn. Ex.: OT Restraint (T)

Bridge Block Load Path: Sheathing fasteners (for 
SW at story bridge block is located) to chord 
studs to cripple studs to bridge block to bearing 
plate and resisted by rod.

Bearing Plate Load Path: Sheathing 
fasteners (for SW below bearing plate) to 
chord studs to rim to bearing plate and 
resisted by rod.

Continuous Rod Tie-Down System

Need to check wood bearing 
strength is adequate to resist 
CFS stud load
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SW Dsn. Ex.: OT Restraint (T)

- Continuous rod tie-down 
systems designed for strength, 
but also designed to ensure 
code drift compliance

- ICC-ES AC316 limit is 0.20” 
max. vertical displacement 
between restraints (includes 
rod elongation and take-up 
device deflection)

- Steel rod selection governed 
by strength in this example

Continuous Rod Tie-Down Design – Steel Rod Selection
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SW Dsn. Ex.: OT Restraint (T)

Tie-Down System Steel Bearing Plate Design

1. Determine bearing plate work space (e.g., between studs and track flanges)

2. Determine bearing plate size based on wood bearing strength

3. Determine bearing plate thickness based on its steel flexural and shear strength

Wood Bearing: 

- Wood is not designed using the amplified seismic 
load, thus, size bearing plate based on wood bearing 
using ASD or LRFD seismic demand. 

- Wood bearing based on average compression 
resistance at 0.04” of deformation. Divide nominal 
load by 1.67 for ASD or multiply for 0.9 for LRFD, 
per AWC NDS Tables 2.3.5 and 2.3.6.
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SW Dsn. Ex.: OT Restraint (T)
Tie-Down System Steel Bearing Plate Design & Detailing

- Multi-story CFS framed projects often use ledger framing

- Bearing plates designed to span stud gap

- Bearing plates should extend full width of stud and full 
length of stud pack. Coordination with panelizer important!

- Bearing plates often are 1 ½” to 1 ¾” thick so track flanges 
need to be taller for screw to track connection

- Some use thicker studs to align floor-to-floor

- Bearing plate dapped into wood diaphragm requires shear 
transfer & plate might be thicker than sheathing

57
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SW Dsn. Ex.: Chord Studs (C)

23’-0”

3rd Story Shear Wall

1’-0”1’-0”
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SW Dsn. Ex.: Chord Studs (C)
1 2

3
5 Stud Bracing:

Example uses 
bracing mid-point 
at top 2 floors and 
third points at first 
floor.

4 6 7
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SW Dsn. Ex.: Chord Studs (C)

Gap between studs to be 
adequate to install uplift 
restraint system, including 
continuous rod, coupler nut, 
and take-up device.
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SW Dsn. Ex.: Stud Bracing
Steel Stud Steel Bracing Systems

U-Channel bridging through stud web punchout attached to CFS stud with connector

a. Requires coordination with building elements in stud bay

b. Installs using one side of wall

c. Does not bump out sheathing

d. Bracing for axial loaded studs requires periodic anchorage to structure (e.g., 
strongbacks, diagonal strap bracing, etc.)

e. Bracing of laterally loaded studs do not require periodic anchorage (system in 
equilibrium as torsion in stud resisted by U-channel bending)

61

SEAOC | STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

SW Dsn. Ex.: Stud Bracing

Flat strap bracing installed on each face of the CFS stud

a. May be installed at other locations than stud punchout

b. Required on both sides of wall

c. Bumps out sheathing

d. Bracing for axial loaded studs requires periodic anchorage to structure 
(e.g., strongbacks, diagonal strap bracing, etc.) (same load direction in 
stud flanges)

e. Bracing for laterally loaded studs requires design of periodic blocking or 
periodic anchorage to structure (opposite load direction in stud flanges)

Steel Stud Steel Bracing Systems
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SW Dsn. Ex.: Stud Bracing

1st Story Shear Wall
NTS

10 chord 
studs

10 chord 
studs

15 
intermediate 

studs

COTM + Gravity 
Load

Gravity 
Load Bracing for axially loaded compression studs

• S240 Section B3.4 requires the brace strength to be 2% of axial 
load on stud. 

• Axial bracing force is cumulative; periodic anchorage required.

Two Axial Load Cases:

1. Bracing force from CFS compression chord studs with the 
amplified seismic load and the CFS intermediate studs for half 
the wall length with the LRFD gravity load.

2. Bracing force from all the studs with the LRFD gravity load 
along the entire wall length.
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SW Dsn. Ex.: Stud Bracing
Case 1: Determining CFS stud compressive load using seismic load combinations with Wo

Chord stud pack (10 - 600S200-68 x 9’-0”) amplified LRFD axial load = 91.3 kips (Table 3-39)

Intermediate stud LRFD axial load = 2011 plf x 16” o.c. / 12”/ft = 2.68 kips (Pg. 222)

Strap-to-stud connection design force

Pbr,2 chord = 0.02P = 0.02(91.3 kips / 10 chord studs)
= 0.183 kips / 2 straps (each side of stud) = 0.092 kips

Pbr,2 inter = 0.02P = 0.02(2.68 kips) = 0.054 kips / 2 straps (each side of stud) = 0.027 kips

• Attach CFS strap to CFS stud flange with #8 self-drilling tapping screw with minimum LRFD 
shear strength of 114 lbs at individual chord studs and 27 lbs at intermediate studs.

600S200-68 intermediate studs (10) 600S200-68 chord studs
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SW Dsn. Ex.: Stud Bracing
Case 1: Determining CFS stud compressive load using seismic load combinations with Wo

Strongback bracing system anchorge design force

Panch = (0.092 kips x 10 chord studs) + (0.027 kips x 8 intermediate studs in ½ of shear wall)
= 1.136 kips

Panch sb = 1.136 kips / 4 pairs of strongback locations along wall length
= 0.284 kips at 1/3 pt. bracing height of 3 ft and 6 ft

Horizontal Straps
• Designed for LRFD tension load of 284 lbs
• Use 1 ½” wide x 33 mil (20 ga) strap (Fy=33 ksi) with (2) #8 screws to strongback stud each side

Strongback studs 
• Designed unbraced for full hgt. of 9’-0” with point loads from bracing at 3 ft and 6 ft (no axial 

load)
• Attached to top and bottom track with clip angles
• Use (4) pairs of 800S162-54 CFS strongback studs near chord studs and then equally spaced

800S162-54 strongback pair600S200-68 intermediate studs (10) 600S200-68 chord studs
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SW Dsn. Ex.: Deflection
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SW Dsn. Ex.: Deflection

w1 w2 w3 w4

67

SEAOC | STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

w1 w2 w3 w4

SW Dsn. Ex.: Deflection
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SW Dsn. Ex.: Deflection
1 1  & 3 4
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SW Dsn. Ex.: Deflection
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CFS vs. wood framed shear walls

1. Lateral Standard:  AISI S240 and S400 rather than AWC SDPWS.

2. Shear wall & diaphragm provisions similar to wood with some differences.

3. Shear wall & diaphragm strength values similar to wood with some differences.

4. Shear wall & diaphragm deflection equations similar to wood with some differences.

5. R ≠ 3 shear walls require collector connections, chord studs, tie-downs available
strength greater than min. of expected strength and seismic load combos with W0.

6. Continuous rod tie-down systems offer greater strength than typical holdowns for the 
higher demands in multi-story construction.

7. Axially and laterally loaded studs may require intermediate bracing. Bracing force is 
cumulative for axially loaded studs so requires periodic anchorage to the structure.

8. Shear transfer design and detailing may be challenging for hybrid structures.

9. Design concrete anchorage for the bolt selected as required by AISI S240 and S400 
(e.g., 1” dia ASTM 193 B7 (Fu=125 ksi)) and then design anchorage per ACI 318.
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Code and standard summary

• 2021 IBC references AISI S100-16/S2-20, S240-20, and S400-20 for 
the design provisions for CFS structures.

• S100-16 reformatted in a similar format as AISC 360, but most design 
provisions similar to those in S100-12. However, -16 may result in less 
available strength for some sections.

• S240 consolidated most of the previous S200 series standards for CFS 
structural framing, but most design provisions similar to those in the 
S200 series.

• S400 consolidated S110 (CFS moment frame) and S213 (diap., strap 
brace and shear wall systems) into a seismic design standard, but most 
design provisions similar to those standards. However, some changes will 
result in larger seismic demand and members. 

• S202 (Standard Practice), S220 (Nonstructural Members), and S230 
Prescriptive for 1- and 2-Family Dwellings) are the other AISI standards 
adopted by the 2021 IBC. 
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Questions?

JEllis@strongtie.com
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