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Using Chapter F of the North American Specification for
the Design of Cold-Formed Steel Structural Members

INTRODUCTION
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Summary: The North American Specification for the Design of Cold-Formed Steel Structural Members is intended for
use throughout the U.S., Canada and Mexico and was developed by the American Iron and Steel Institute, Canadian
Standards Association, and CANACERO in Mexico. The Specification provides procedures for the design of load bearing
cold-formed steel members in buildings and certain other applications.

Cold-formed steel members and connections may be
designed based on test data if the respective member or
connection can not be designed using the equations
contained in Chapters A through G of the North American
Specification for the Design of Cold-Formed Steel
Structural Members.  Examples of applications that are
designed based on test data are powder-driven pins, cold-
formed steel rivets, and floor joists having edge- rein-
forced web holes.

When the design is to be based on test data it is impera-
tive to properly define the appropriate factor of safety or
resistance factor.  Specification Chapter F Section F1 titled
“Tests for Special Cases” provides guidance for determin-
ing the appropriate factor of safety or resistance factor.

The intent of this document is to demonstrate the applica-
tion of the Section F1 provisions.  Background information
pertaining to Section F1 can be found in the Commentary
on the North American Specification for the Design of
Cold-Formed Steel Structural Members or W.W. Yu’s
Cold-Formed Steel Design.

Overview of Section F1

Section F1 does not stipulate the appropriate test proto-
col, but provides the required method to compute the
resistance factor in Section F1.1 or the factor of safety in
Section F1.2 .  Appendix A presents the text of these
Sections.

Example Problem

Design strength equations for powder-driven pins used
for steel-to-steel connections are not included in Chapter
E, Connections and Joints, of the North American
Specification for the Design of Cold-Formed Steel

Structural Members.  Thus, Chapter F, Tests for Special
Cases, can be utilized to establish the nominal strength,
R

n
, and the resistance factor,ϕ, and the factor of safety, Ω.

Chapter F provides the methodology for computing the
resistance factor and the factor of safety.  However,
Chapter F does not stipulate the test protocol to be used.
Guidance regarding an appropriate test protocol may be
obtained from Part VI of the AISI Manual Cold-Formed
Steel Design.  Specifically, to assess the strength of a
powder-driven pin, AISI TS-5-02 Test Methods for
Mechanically Fastened Cold-Formed Steel Connections
was used to develop data regarding the performance of
pins in a single shear connection. The sheet-to-sheet test
specimen as well as the test setup is defined by Section
7.2 of AISI TS-5-02.

As defined in Chapter F, the minimum number of tests that
shall be conducted is three for the connection under
study.  There can be more than three tests if it is deter-
mined to be appropriate by either the researcher or the
product manufacturer.

For this example it was decided that six tests were neces-
sary.  Using the guidelines from Section 7.2 of TS-5-02, the
following test strength data was generated:

             Test No.  Failure Load (lbs)

1 1385.5
2 1384.3
3 1436.6
4 1290.1
5 1365.0
6 1380.2

The nominal design strength, R
n
, is defined as the average

value of all of the above test data:

R
n
 = 1373 lbs.
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Chapter F requires that the deviation of any individual test
result from the average shall not exceed ± 15%.  If the 15%
is exceeded, more tests shall be made until the deviation of
any individual test result from the average value obtained
from all tests does not exceed  ± 15%, or until at least three
additional have been made.  For the above test data, the
controlling data value is Test No. 4, i.e. (1373-1290.1)/1373
= 0.06 < 0.15 or 15%.  Additional tests are not required.  It
is also important to note that test results cannot be
eliminated unless a rationale for exclusion can be given.

All test specimens were cut from the same coil.  Therefore,
the uncoated sheet thickness and the material properties
were determined from samples of the coil as per ASTM
A370.  When all of the test specimens are not fabricated
from the same coil, the material properties must be
determined for each coil.  The material properties must be
correlated to the respective test specimens.

The design tensile strength, F
u
, for the connection material

is 65 ksi.  However, the measured tensile strength for the
test specimens was 68 ksi.  Chapter F stipulates that
consideration must be given to any variation or difference
that exists between the design tensile or yield strength
and the measured tensile or yield strength of the test
specimen, which ever is critical.  In this example, the
tensile strength of the connected sheets is the critical
factor, therefore the R

n
 value must be adjusted by the ratio

of the design tensile strength to the measured tensile
strength, i.e. 65 ksi / 68 ksi = 0.96.  The measured tensile
strength was determined in accordance with ASTM A370.
Chapter F stipulates that R

n 
shall not be adjusted upward.

The design sheet thickness for the connections is 0.071
inches.  However, the measured sheet thickness for the
test specimens was 0.075 inches.  Chapter F stipulates that
consideration must be given to any variation or difference
that exists between the design thickness and the thickness
of the test specimen.  Thus, the R

n
 value must be adjusted

by the ratio of the design thickness to the measured
thickness, i.e. 0.071" / 0.075" = 0.95.  Both the design
thickness and the measured thickness are the base steel
sheet thickness exclusive of coating.  Chapter F stipulates
the design thickness shall not be adjusted upward.

The adjusted nominal design strength = 1373 lbs x 0.96 x
0.95 = 1252 lbs.

The coefficient of variation of the test data, V
P
, is com-

puted as the standard deviation divided by the mean of
the test data.  The standard deviation may be computed
using the expressions given in any engineering statistics
textbook or more easily determined by using the STDEV
function in Excel.  Using Excel, the standard deviation was
computed as follows:

STDEV = 47.57

Correspondingly, the coefficient of variation, V
P
 = 47.57

lbs / 1373 lbs = 0.0346 or 3.4%.  But, Chapter F requires
that V

P
 > 6.5%.  Therefore, use V

P
 = 0.065.

Using Chapter F equation F1.1-2 the resistance factor is
determined as follows:

2222
0)( QPPFM VVCVV

mmm ePFMC
+++−= β

φφ        (Eq. F1.1-2)

Where,

Cϕ = 1.52 for the United States and Mexico

For further information regarding the definition of the
coefficients in Equation F1.1-2, refer to the Specification,
Chapter F, Chapter F Table F1 and the Commentary.

The resistance factor is influenced by the number of tests
performed for the connection under study.  For example, in
this test program six tests were performed for the single
lap shear connection using sheets having 0.075 inch
thickness.  As the number of the same configuration tests
are performed the resistance factor can be shown to
increase. The adjustment factor, C

p
, for the number of tests

is determined by using Chapter F equation F1.1-3.

n   = number of tests = 6
m  = n-1 = 6 -1 = 5

C
p
 = (1+1/n)m/(m-2) for n > 4                     (Eq. F1.1-3)

     = (1+1/6)(5)/(5-2) = 1.94

β
0
 = 3.5 for connections

P
m
 = 1.0

The remaining parameters are listed in Table F1 and are a
function of the type of component.  For powder-driven
pins the correct selection of type of component from Table
F1 is “Connections Not Listed Above” and the parameters
are:

M
m
 = 1.10

V
m
  = 0.10

F
m 

 = 1.00
V

F
  = 0.15

V
Q
 = 0.21

Solving Eq. F1.1-2 yields ϕ = 0.603.

The LRFD design strength, ϕR
n
 = 0.60 x 1252 lbs = 751.2

lbs.

For Allowable Strength Design the factor of safety is
determined by using Eq. F1.2-2 as follows:
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Ω= 1.6/ϕ     (Eq. F1.2-2)
    = 1.6/0.603 = 2.65

The ASD allowable design strength = R
n
/Ω = 1252/2.65 =

472.5 lbs.

If a test setup includes multiple components of the
product being tested, the standard deviation and the

coefficient of variation are to be based on the number of
test setups that were tested.  Specification Chapter F,
however provides no guidance on how C

p
 should be

calculated, given a test setup that includes multiple
components many engineers reasonably choose to adjust
the C

p
 value to reflect the number of components included

in the entire test program.

Appendix A
The following excerpt of the Chapter F from the North American Specification for the Design of Cold-Formed Steel

Structural Members is by permission of the American Iron and Steel Institute.
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Appendix A (continued)
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Appendix A (continued)
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Appendix A (continued)
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Appendix A (continued)



TECH NOTE G100-07 September 2007 Cold-Formed Steel Engineers Institute8

Primary Author of this Technical Note: Roger LaBoube, Ph.D., P.E.

This “Technical Note on Cold-Formed Steel Construction” is published by the Cold-Formed Steel Engineers Institute
(“CFSEI”).  The information provided in this publication shall not constitute any representation or warranty, express or
implied, on the part of CFSEI or any individual that the information is suitable for any general or specific purpose, and
should not be used without consulting with a qualified engineer, architect, or building designer.  ANY INDIVIDUAL OR
ENTITY MAKING USE OF THE INFORMATION PROVIDED IN THIS PUBLICATION ASSUMES ALL RISKS AND
LIABILITIES ARISING OR RESULTING FROM SUCH USE.  CFSEI believes that the information contained within this
publication is in conformance with prevailing engineering standards of practice.  However, none of the information provided
in this publication is intended to represent any official position of the CFSEI or to exclude the use and implementation of any
other design or construction technique.
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