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Presentation Overview

• Cold-Formed Steel (CFS) Codes & Standards

• CFS Framed Diaphragms

• CFS Framed Shear Walls

• CFS Diagonal Strap Braced Walls

• Design Examples
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Research: CFS-NEES

3

PARAMETERS:

• 2-story rectangular building with design location in So. Calif.

• 23 ft x 50 ft x 9 ft story heights

• 600S162-54 and -43 studs at 16 inches on center at 1st and 2nd story, 

respectively, with bridging placed at mid-height

• 1200S200-54 and 97 at 24” on center roof and floor joists, respectively

• Roof and floor frame into ledger at top of wall

• Several phases with only structural sheathing and then finish materials 

subjected to Northridge Canoga Park and Rinaldi earthquake records

Research: CFS-NEES

4
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Research: CFS-NEES

5

RESULTS:

100% Northridge Canoga Park Record 
(PGA 0.354 g, 1.0 g 0.2 second Spectral Response Acceleration) 

• Phase 1 (only shear walls and diaphragms sheathed) peak story drift was 1.5% (9 ft
height x 0.015 = 1.62”)

• Phase 2e (all walls sheathed) peak story drift was 0.5% (9 ft height x 0.005 = 0.54”)

• Some shear wall wood structural sheathing damage around fasteners and fastener 
tilt. Non-structural damage such as drywall cracking. 

100% Northridge Rinaldi Record (video)
(PGA 1.1 g (was to be 0.83 g), 1.5g 0.2 second Spectral Response Acceleration):

• Phase 2e (all walls sheathed) Peak story drift was 1% (9 ft height x 0.01 = 1.08”)

• Shear wall wood structural panel seam damage. Non-structural damage such as 
drywall cracking mainly at the openings. 

* Some hold-downs in some of the shear walls were in tension at the same time versus 
our typical simplified component level assumptions of a compression-tension couple.

Standards & References

6

• AISI S100 (S100-12) adopted by 2015 IBC

• AISI Standards (2012):  Including General Provisions, Floor 
& Roof System, Wall Stud Design, Header, Truss, & 
Prescriptive Methods, & Lateral (S213-07/S1-09(2012))

• AISI CFS Design Manual (D100-13) [Similar to AISC Steel 
Construction Manual]

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

• Cold-Formed Steel Design, Fourth Edition

• AISI Design Guide (D110-16)

• SEAOC Structural/Seismic Design Manual – 2015 IBC
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AISI S240-15 (2018 IBC)

7

AISI S240: North American Standard for Cold-
Formed Steel Structural Framing

• Consolidates into single standard:

– 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 S240-15

8

A.  General  AISI S200

B.  Design  AISI S211/211/212/213

C.  Installation  AISI S200/210/211/212/213

D.  QC/QA  New information

E.  Trusses  AISI S214
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AISI S240 – Chapter D

9

AISI S400-15 (2018 IBC)

10

• AISI S400: North American 
Standard for Seismic Design of 
Cold-Formed Steel Structural 
Systems

• Consolidates into single standard:

– AISI S110: Special Bolted Moment 
Frame

– AISI S213: Lateral Design (seismic 
provisions only)
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AISI S400-15
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Benefits:

– Streamline Review at BSSC, ASCE, ICC & NBCC

– Focus Subcommittee Expertise

• Assign to Lateral Subcommittee

– Organize & Improve Existing Provisions

• Combine CFSF SFRS & CFS-SBMF

• Split WSP from Steel Sheet Sheathed Shear Walls

– Accommodate Future Growth – “Field of Dreams”

• Ordinary vs. Special Shear Walls

• New SFRS

– Including Possible “Hybrid” Systems

– Rocking & Self-Centering

• Diaphragm Systems

• Existing Building Requirements

Scope:
– This standard is applicable for the design and construction of cold-formed steel 

structural members and connections in seismic force-resisting systems and 
diaphragms in buildings and other structures.

AISI S400-15

12

A. GENERAL

B. GENERAL DESIGN REQUIREMENTS

C. ANALYSIS

D. GENERAL MEMBER AND CONNECTION DESIGN REQ’TS

E. SEISMIC FORCE-RESISTING SYSTEMS

F. DIAPHRAGMS

G. QUALITY CONTROL AND QUALITY ASSURANCE

H. USE OF SUBSTITUTE COMPONENTS AND CONNECTIONS IN 
SEISMIC FORCE-RESISTING SYSTEMS

APPENDIX 1: SEISMIC FORCE MODIFICATION FACTORS AND 
LIMITATIONS IN CANADA
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AISI S400-15

13

E. SEISMIC FORCE-RESISTING SYSTEMS

– E1. CFS Light Frame Shear Walls Sheathed with Wood Structural Panels

– E2. CFS Light Frame Shear Walls with Steel Sheet Sheathing

– E3. CFS Light Frame Strap Braced Wall Systems

– E4 CFS Special Bolted Moment Frames (CFS–SBMF)

– E5. CFS Light Frame Shear Walls with Wood-Based Structural Panel 

Sheathing On One Side & Gypsum Board Panel Sheathing On the Other Side

– E6. CFS Light Frame Shear Walls with Gypsum Board or Fiberboard Panel 

Sheathing

– E7. Conventional Construction CFS Light Frame Strap Braced Wall Systems

Standards & References

14
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CFS Member & Connection Design

15

AISI Manual: Cold-Formed Steel Design
2013 Edition, D100-13

*Similar to AISC Steel Const. Manual

Part I Dimensions and Properties
Part II Beam Design
Part III Column Design
Part IV Connection Design
Part V Supplementary Information
Part VI Test Procedures

Note AISI test standards removed, but available 
online at www.aisistandards.org. 

2015 IBC Section 2210

16
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Cold-Formed Steel (CFS)

17

CFS is a steel shape formed after the steel has cooled and is 
fabricated from steel specified in AISI S100 (Specification)

Cold-Formed Steel (CFS)

18

AISI S100 (AISI Specification)

A. General Provisions
1. Scope, material, loads, ASD, LRFD, limit states, strength increases from 

forming, and serviceability

B. Elements
1. Dimensional limits and effective widths

C. Members
1. Section properties, tension, flexural, compression, and combined loading

D. Structural Assemblies & Systems
1. Built-up, mixed, lateral & stability bracing, CFS light-frame construction, 

diaphragms, metal roofs and wall systems, standing seam roof panel 
systems, and roof system bracing & anchorage.
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Cold-Formed Steel (CFS)

19

AISI S100 (AISI Specification)

E. Connections & Joints
1. General provisions, welds, bolts, screws, PAFs, rupture, connections to 

other materials.

F. Tests for Special Cases
1. Tests for determining structural performance, tests for confirming structural 

performance, and tests for determining mechanical properties

G. Design of CFS Structural Members & Connections for Cyclic 
Loading (Fatigue)

Appendix 1: Direct Strength Method
Appendix 2: Second-Order Analysis

Appendix A: Provisions Applicable to the U.S. & Mexico
Appendix B: Provisions Applicable to Canada

Cold-Formed Steel (CFS)

20

AISI S100 Section D4
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Cold-Formed Steel (CFS)

21

AISI S100‐16 Section I4 * CFSSF: Btwn. 18 mils (25 ga) to 118 mils (10 ga)

AISI S240‐15 Commentary A2

AISI S201‐12 Section A1

CFS Framing Types

22
Courtesy Dr. Schafer, Johns Hopkins



NCSEA Webinar August 10, 2017

CFS Frame Lateral Design 12

CFS Framing Types

23

Platform Framed

Ledger Framed

Platform Framed

CFS Framing Types

24
Courtesy Dr. Schafer, Johns Hopkins
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CFS Framed Diaphragms

25

CFS Framed Diaphragms

26

Available shear strength:

Permitted to be calculated by 
principles of mechanics using 
values of fastener strength 
and sheathing shear 
resistance (B2)

OR

Tabulated values in Table 
D2-1 (Nominal Shear 
Strength) – CFSEI Tech Note 
558b-1

AISI S213 Section D2.1
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CFS Framed Diaphragms

 General:

‐ Use minimum 33‐mil (20 ga) thick framing

‐ Use minimum #8 flat‐head tapping screws

 Blocked Diaphragm:

‐ Use minimum 1 ½” x 33 mil (20 ga) strap blocking 

‐ Aspect Ratio (length / width)  ≤  4:1

 Unblocked Diaphragm: 

‐ Increase deflection by 2.5

‐ Aspect Ratio (length / width)  ≤  3:1

AISI S213 Sections D1 and D2 Requirements:

CFS Framed Diaphragms

AISI S213 Section D3 Special Seismic Requirements (R>3):

• Minimum panel width not less than 24 in.

• Open front structures w/rigid wood diaphragms resulting in torsional 
force distribution:

• Length normal to open side not greater than 25 
ft and aspect ratio less than 1:1 for 1‐story or 
2:3 for greater than 1‐story

• If calculations show diaphragm deflection can 
be tolerated, length normal to opening 
increased to (l/w) not greater than 3:2
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CFS Framed Diaphragms - Deflection

Steel Deck References
2015 IBC

• § 2206  Composite Structural Steel & 
Concrete Structures

• § 2210.1.1.1  Non‐composite Steel Floor
Decks (SDI‐NC1.0)

• § 2210.1.1.2  Steel Roof Decks (SDI‐RD1.0)
• § 2210.1.1.3  Composite slabs on steel decks               

(SDI‐C)

AISI S100‐16 (2018 IBC 2210)

• S100  S310‐16 for steel deck diaphragm design
• S310 Table B1.1 Resistance & Safety Factors 

for Steel Deck Diaphragms

References: 

• SDI DDM04 SDI Diaphragm Design Manual
(Coincides with AISI S310‐16)

• AISI S310 Design of Profiled Steel Diap. Panels

ASCE 7

• § 12.3.1  Diaphragm Flexibility

AISI S310
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Common Steel Deck Profiles

B or 1.5WR

N or 3.0DR 9/16” Form

1-5/16” Form

2” Composite 3” Composite

1-1/2” Composite
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3” Composite

Common Steel Deck Attachments

Arc Spot and Arc Seam Welds
(Puddle Welds)

Power-Actuated Fasteners
(Shot Pins)

Self-Drilling Tapping Screws

Deck to Supporting Structure
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Common Steel Deck Attachments
Sidelap ‐ Deck Panel to Adjacent Panel

Arc Seam Weld (Top Seam Weld) Button Punch

Self-Drilling Tapping ScrewsProprietary Crimp

Useful Reference Documents

Deck and Fastener Manufacturer’s 
Literature

Evaluation Reports & FM 
Global Approvals

SDI Literature
(www.sdi.org)Design Examples
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Flexible Diaphragms (Seismic)
Diaphragms of wood panels or untopped steel decking 
permitted to be idealized as “flexible” for any of the 
following cases:

1. Where vertical elements are concrete or masonry shear walls or 
steel braced frames (ASCE 7-10 Section 12.3.1.1a)

2. One and two-family dwellings (ASCE 7-10 Section 12.3.1.1b)

3. Structures qualified under the Simplified Procedure (ASCE 7-10 
Section 12.14.5)

4. In structures of light-frame construction where all of the following 
conditions are met (ASCE 7-10 Section 12.3.1.1c):

a.  Non-structural toppings  ≤ 1 ½ inches
b.  Vertical elements of SFRS comply with drift limit                    

5. Where maximum diaphragm deflection > 2 x Average Drift of 
vertical elements (ASCE 7-10 Section 12.3.1.3) 

CFS Framed Diaphragms

Shear Transfer:

• Shear transfer from diaphragms to wall top plate(s) or collector 
elements typically detailed with blocking between joists / rafters / 
trusses or with framing member if the framing is parallel to the wall.

• Collector connection required to be designed to resist amplified 
seismic force if R > 3 (AISI S213 Section C5.1.1.1)

Break Block

Truss Block
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Collectors

37

ASCE 7-10 Exception for Collectors

Collectors

38

AISI S213 Section C5.2.1: Connections
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CFS Framed (CFSF) Shear Walls 

39
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Chord Pack

Hold-down System: 

Continuous Rod Tie-
Down System

1. Uplift (Tension): 
Continuous steel rods and 
bearing plates

2. Compression:  
Chord Pack – CFS studs each 
side of steel rod   
A. Compression on studs on 

end of wall that uplifts
B. Compression on studs on 

end of wall being pushed 
down 

Steel Rod

EQ. Force

T/C C/T

CFSF SW: Framing 

40

SSMA Catalog SFIA Catalog

AISI Product Data 
(S201)

AISI Manual
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CFSF SW: Stud Bracing

41

Wall Stud Flange Bracing: Steel Based Design

Strap & Blocking

Channel & Clip Angle

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

Proprietary Solutions 

CFSF SW: Stud Bracing

42

Wall Stud Flange Bracing: Steel Based Design

Bridging Anchorage

AISI S110 Figure
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CFSF SW: Stud Bracing

43

Wall Stud Flange Bracing: Steel Based Design

2015 IBC Section 2211.4 Permits use of either AISI S211 or S100

AISI S100

CFSF SW: Stud Bracing

44

Wall Stud Flange Bracing: Steel Based Design

AISI S211-07/S1-12 (Wall Stud Standard)
B3.1: 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 
D3.2.1 (correction to S211) of S100 and 2% of design 
compression load.

• Brace forces are additive.

600S162-54 intermediate studs (8) 600S162-54 chord studs
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CFSF SW: Stud Bracing

45

AISI S211 Section B1(b): Sheathing Braced Design

When using sheathing braced design Section B1 of the 
Wall Stud Standard specifies:

1. Identical sheathing both sides or assumption of weaker 
sheathing both sides if not identical.

2. Engineering drawings must identify the sheathing as a structural 
element.

3. The wall stud shall be evaluated without the sheathing bracing 
for the LRFD load combination:

1.2D + (0.5L or 0.2S) + 0.2W

CFSF SW: Stud Bracing

46

Table B1-1 Maximum nominal stud axial load capacity limited by gypsum 
sheathing fastener connection (gypsum both sides).

AISI S211 Section B1(b): Sheathing Based Design

• Table values determined by tests.  Factor of safety of 2 applied to 
determine allowable gypsum board load. Unbraced length taken as 2x 
fastener spacing

* Ex. used 600S162-54 x 8’-0” with 1/3 pt bracing nominal axial load is 13 kips
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CFSF SW: Sheathing

47

CFS framed shear wall sheathing

• Mechanical fasteners attaching sheathing to framing 
members. Sheathing types:

o Wood structural panel (WSP)   [R = 6.5]

o Steel sheet [R = 6.5]

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]

CFSF SW: Fasteners

48Courtesy C.A. Rogers, McGill University, Montréal

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

49

CFSF SW: Fasteners

50

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

51

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

CFSF SW: Fasteners

52
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CFSF SW: OT Restraint

53

CFS Construction Tie-down Systems

Conventional Hold-downs

CFSF SW: OT Restraint

54

CFS Midrise Tie‐down Systems – Significant OT Loads

Miracle Mile L.A.
CFS Midrise on Conc. Podium
Courtesy of Dale Christian SE
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CFSF SW: OT Restraint

55

CFS Construction Tie-down Systems

Continuous Rod Tie-Down Systems

- High Capacity
- Concentric
- Typically used for 3-

stories and taller

SW Dsn. Ex.: OT Restraint (T)

56

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

3
rd
St
o
ry
 

R
o
d
 L
en

gt
h

2
n
d
St
o
ry
 

R
o
d
 L
en

gt
h

1
st
St
o
ry
 

R
o
d
 L
en

gt
h

F

F



NCSEA Webinar August 10, 2017

CFS Frame Lateral Design 29

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

57

o

SEAOC SSDM Vol. 2 Ex. 3
Three‐Story Light‐Frame Multi‐family Building Design Using Cold‐Formed

Steel Wall Framing and Wood Floor and Roof Framing

http://seaoc.org/bookstore
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SW Dsn. Ex.: Location & Dimensions

Building B

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 requires 0.20” 
total 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)

61

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

CFSF SW: Types

62

• Type I Shear Wall
Hold-downs at each end of 
each wall segment.  Force 
transfer around openings.

• Type II Shear Wall
Hold-downs at ends of wall. 
Not designed for force transfer 
around openings.

Max. opening 
clear height
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CFSF SW: Requirements

63

AISI S213-07/S1-09 (2012)

Type I Limitations (C2.2):

1. Studs t min. 33-mils, 1 5/8 in. flange, 3 ½ in. depth, 3/8 in. edge 
stiffener

2. Track min. of 33-mils, with 1 ¼ in. flange, 3 ½ in. depth

3. Framing screws shall be #8 minimum compliant with ASTM C1513

4. Fasteners not less than 3/8 in. from panel edges

5. 12 in. min. wide panels.  Perpendicular or parallel to framing

6. Maximum framing spacing of 24 in. o/c

CFSF SW: Requirements

64

AISI S213-07/S1-09 (2012)

Type I Limitations (C2.2) – continued :

7. Different thickness of track & stud than seismic table specifies not 
permitted unless noted as “(min.)”

8. Wall piers not less than 24 in. wide

9. Blocking required at panel joints (1 ½ in. x 33-mil min. unless 
seismic table requires thicker)

10. Minimum #8 (head d > 0.285 in.) tapping screws or #10 (head d > 
0.333”) tapping screws per table C2.1-3
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CFSF SW: Requirements

65

AISI S213-07/S1-09 (2012)

Type II Shear Wall Limitations (C3.1):
1. Full height wall segment with aspect ratio limit each end
2. SDC B – F, strength based on max screw spacing greater or equal 

to 4” o.c.
3. No OOP offsets
4. Collectors full length
5. Uniform top & bottom of wall elevations
6. Height not exceed 20 ft.

Shear Resistance Adjustment Factor Table

Max. opening 
clear height

CFSF SW: Requirements

66

0 is applied only to the seismic load (QE) so dead load 
resisting moment contributes less to reducing uplift than 
in the seismic load combinations w/out 0

Gross OT Moment = 0 x QE x h

Resisting Moment = wDL x (b / 2) 

ASCE 7 Seismic Load Combinations w/ 0
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CFSF SW: Requirements

67

Dead Load Resisting Shear Wall Overturning

CFSF SW: Strength

68

AISI S213/S1-09 (2012)

 Nominal Shear Strength 
Wind Load Table

- Monotonic tests

- S.F. = 2.0

 Nominal Shear Strength 
Seismic Load Table

- Cyclic tests

- S.F. = 2.5
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CFSF SW: Design Method

69

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 S213.

3. Size boundary members and supporting elements of the 
structure.

4. Determine overturning and shear restraint required.

5. Check story drift and adjust design as required.

6. Design collector to shear wall connection

7. Select hold-down steel anchor rod material and diameter based 
on AISI S213 (amplified seismic load < nominal strength for R>3) 
and design concrete anchorage per ACI 318 Chapter 17.

SW Dsn. Ex.: OT Anchorage (T)

70

Podium Connection (Tension Anchorage to Concrete)

LRFD Seismic Uplift Force =   16,542 lbs.
Amplified Seismic Force     =   56,215 lbs.

• Members supporting discontinuous shear walls are to comply 
with ASCE 7 Section 12.3.3.3.

1. Connections of the discontinuous element be designed using the 
forces used to design it

2. The member supporting the discontinuous element be designed 
using the load combinations including the overstrength factor, o

• ASCE 7 Section 12.2.3.2 may be used for a flexible upper and 
rigid lower portion of the structure and the only anchorage load 
amplification would be the ratio of the R values (upper/lower). 

• Steel anchor rod material and size determined using AISI S213, 
which requires chord studs and uplift anchorage have the 
nominal strength to resist the amplified seismic load.

• Then one designs the concrete anchorage based on ACI 318-
11 Chapter 17.
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SW Dsn. Ex.: OT Anchorage (T)

71

Podium Connection (Tension Anchorage to Concrete)
ACI 318-14 Section 17.2.3 (SDC C – F)

SW Dsn. Ex.: OT Anchorage (T)

72

Comparison of concrete tension anchorage for CFS framed shear walls using an 
R ≤ 3 (SDC A to C and D in some cases) to those using an R > 3.

ACI 318-14 17.2.3 Compliance
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SW Dsn. Ex.: OT Anchorage (T)

73

Structure Magazine March 2014 Article: Testing Tension-Only 
Steel Anchor Rods Embedded in Reinforced Concrete Slabs

SW Dsn. Ex.: Chord Studs (C)

74

23’‐0”

3rd Story Shear Wall

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

75

1 2

3
5 Stud Bracing:

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

4 6 7

SW Dsn. Ex.: Stud Bracing

76

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)
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SW Dsn. Ex.: Stud Bracing

77

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

SW Dsn. Ex.: Stud Bracing

78

1st Story Shear Wall
NTS

8 chord 
studs

8 chord 
studs

15 intermediate 
studs

COTM + Gravity LoadGravity Load
Bracing for axially loaded compression studs

• IBC 2211.4 requires bracing design per AISI S100 or AISI S211

• S100 requires the brace strength to be 1% of axial load on stud 
and that it have a certain stiffness.

• S211 requires the brace strength to be 2% of axial load on 
stud. This example uses S211. 

• 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.: Shear Transfer

79

1. Determine condition (e.g.; screw through 54 mil track, through ¾” wood 
sheathing and into wood rim joist.

2. Determine appropriate screw based on condition (e.g., perhaps predrill and use 
wood or lag screw, but use self-drilling tapping screws for this example (NDS 
eq.’s may not apply).

3. Determine screw size and spacing based on loading

SW Dsn. Ex.: Shear Transfer

80

1. Determine bearing connection strength of shear anchor bolts in bottom track in 
accordance with AISI S100-12.

2. Determine shear strength of anchor bolts in concrete in accordance with ACI 318-14 
Chapter 17.

a) For near edge shear anchorage, use 2015 IBC Section 1905.1.8 ACI 318 
Section 17.2.3 modification. 
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SW Dsn. Ex.: Deflection

81

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

Ac = Cross sectional area of chord member
b = Width of shear wall
Es = Modulus of elasticity of steel
G = Shear modulus of sheathing material
h = Wall height
s = Maximum fastener spacing
t sheathing = Panel thickness
t stud = Framing thickness
v = Shear demand
v = Vertical deformation of anchorage/attachment details
 = 67.5 Plywood, 55 OSB, and 41.67(t sheathing/0.018) sheet steel
 = 1.85 Plywood, 1.05 OSB
 = s/6
2 = 0.033/t stud
3 = ((h/b)/2)^1/2
4 = 1 for wood sheathing, (33/Fy)^1/2

Flexure  + Shear  +  Non‐linear Effects  +  Tie‐down

ASCE 7‐10 Seismic Story Drift Limitations:

CFS Framed Shear Wall Drift Limits

x < 0.025H

x = Cd xe / I

0.025H  = Cd xe
For R = 6.5, Cd = 4.0

For 8 ft tall wall, drift limit is 0.60 in. (LRFD)
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Diagonal Strap Braced Walls

Courtesy CFSEI

Courtesy C.A. Rogers, 
McGill University, 
Montréal

Inelastic behavior limited mainly 
to brace yielding.

Diagonal Strap Braced Wall Testing
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Courtesy C.A. Rogers, McGill 
University, Montréal

Diagonal Strap Braced Wall Testing
S213 Section C5.2.1.3

Welds required for brace conn. unless: 

1) Testing shows alternate connection 
provides for ductile behaviour or

2) (RtFu) / (RyFy)  ≥  1.2  for bracing

Compression failure of track
Unless sill bolt outside wall (track 
in tension)

S213 Section C5.2.2.2

Horizontal shear force resisted by:

1) Bottom track in compression

a) Using thicker track and/or 
blocking in track

2) Bottom track in tension

3) Device directly connected to brace and 
foundation

Photos courtesy of 
AISI & McGill University

S213 Section C4.1

Strap bracing with aspect 
ratio over 2:1 is not 
permitted unless chord stud 
analysis performed including 
consideration of joint 
flexibility and end moments

Diagonal Strap Braced Wall 
Testing
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Strap Braced Walls – A.R. – S400
Strap Braced Wall with A.R. > 1.9:1 – Structural analysis per 
software or per S400 Commentary E3.4.1

Diagonal Strap Braced Walls
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Diagonal Strap Braced Walls – S213 

Ratios of expected 
stress to specified 
minimum stress

Diagonal Strap Braced Walls – CFSEI 
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Other CFS Lateral Systems

CFS Moment Frames and Braced Frames in IBC

• 2012 IBC 2210.2 references AISI S110 – “Standard for 
Seismic Design of CFS Structural Systems – Special 
Bolted Moment Frames” 

– CFS moment frames for 1-story structures (mezzanines and racks) 

– Ductility achieved through bolted connections 

– UFC 3-310-04 Table 2-1 lists R = 3.5, 1-story & 35 ft maximum height

• No CFS braced frames in IBC

Courtesy AISI

CFSEI Shear Wall Design Guide

www.cfsei.org
or 

https://shop.steel.org/c/50/manuals‐and‐design‐guides
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CFSEI Shear Wall Design Guide Examples

CFS Framed Shear Wall Design 
Example 2 from CFSEI Design Guide

2‐Story Office Building
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CFS Framed Shear Wall Design 
Example

CFS Framed Shear Wall Design 
Example
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G.L.

Example: Steel Sheet Shear Wall Over Beam
Seismic (ASD)

Example: Steel Sheet Shear Wall Over Beam
Available Strength
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Example: Steel Sheet Shear Wall Over Beam
Overturning

ASCE 7‐10 Commentary C12.3.3.3

Example: Steel Sheet Shear Wall Over Beam
Vertical Discontinuity



NCSEA Webinar August 10, 2017

CFS Frame Lateral Design 51

Example: Steel Sheet Shear Wall Over Beam
Overturning

Example: Steel Sheet Shear Wall Over Beam
Compression Due to Overturning
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Example: Steel Sheet Shear Wall Over Beam
Tension Due to Overturning

Example: Steel Sheet Shear Wall Over Beam
Amplified Seismic Load

AISI S213‐07/S1‐09 Sections A2 & C5.1.2 – LRFD Combination w/ 
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LRFD capacity to resist this load. 
S213 permits nominal strength
(CFS Shear Wall’s) 

Example: Steel Sheet Shear Wall Over Beam
Amplified Seismic Load

ASD capacity x 1.2

• While not addressed in S213, one 
might make the case to use 
Nominal / 1.4 capacity to resist ASD 
overstrength combinations

Example: Steel Sheet Shear Wall Over Beam
Amplified Seismic Load
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SHD1 Hold‐down

Example: Steel Sheet Shear Wall Over Beam
Details

CFS vs. Wood Framed Shear Walls

108

SUMMARY:

1. Lateral Standard:  AISI S213 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 have the 
nominal strength to resist the amplified seismic load.

6. Continuous rod tie-down systems offer greater strength than typical tie-downs for 
higher loads due to 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 S213 (e.g., 1” 
dia ASTM 193 B7 (Fu=125 ksi)).
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Available for purchase

109

SEAOC 2015 IBC 
Structural/Seismic 
Design Manual 
Volumes 1-3

Buy your copies now at 
seaoc.org/bookstore

CFSEI.ORG

‐ Technical Notes

‐ Design Guides

‐ Engineer Finder

‐ Newsletters

‐ Details (.dwg)

‐ Upcoming Events

‐ Publication Discount

Cold-Formed Steel Engineers Institute
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111

Questions?

112

THANK YOU!

112


