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Preface

PREFACE

This Supplement No. 2 to the North American Specification for the Design of Cold-Formed Steel

Structural Members, 2007 Edition, includes the following updates and improvements:

All the changes and updates provided in Supplement No. 1 to the North American Specification
for the Design of Cold-Formed Steel Structural Members, 2007 Edition, were included.

New Section B2.5, Uniformly Compressed Elements Restrained by Intermittent
Connections, was added.

Country-specific provisions on tension member design have been unified and moved from
Appendices A and B to the main body of the Specification.

The simplified provisions for determining distortional buckling strength of C- or Z-section
beams and columns have been moved to the Commentary.

Sections D1.1, D1.2, D3 and D3.2 have been revised to clarify certain terminologies.

Chapter E, Connections and Joints, has been consolidated. Additionally, flare groove weld
provisions were revised, and the interaction check of combined shear and tension of arc spot
welds was added.

The geometric and material limitations of pre-qualified columns and beams for using the
safety and resistance factors defined in Sections 1.2.1 and 1.2.2 have been expanded.

American Iron and Steel Institute

Canadian Standards Association

Camara Nacional de la Industria del Hierro y del Acero
February 2010
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Supplement No. 2 to the North American Cold-Formed Steel Specification, 2007 Edition

SUPPLEMENT NO. 2 TO THE NORTH AMERICAN SPECIFICATION
FOR THE DESIGN OF COLD-FORMED STEEL
STRUCTURAL MEMBERS, 2007 EDITION

FEBRUARY 2010

CHANGES AND UPDATES IN SYMBOLS AND DEFINITIONS
1. On pages xvii and 41, change the definition of hy to:

“hys = x distance from the centroid of the flange to the flange/web junction “

2. On pages xxvii and 41, change the definition of x,, used in Sections C3.1.4 and C4.2 to:
“Xof = x distance from the centroid of the flange to the shear center of the flange”

3. On pages xxviii and 42, change the definition of y, to:

“yof =y distance from the centroid of the flange to the shear center of the flange”

CHANGES AND UPDATES IN CHAPTER A, GENERAL PROVISIONS
1. On page 1, change the second paragraph under Section A1.2 as follows:

“Symbol =% is used to point out that additional provisions that are specific to a certain

r 7

country are provided in the corresponding appendix as indicated by the letter(s) "x’.
2. On page 13, add the following before reference AISI S214:

“AlSI 5213-07/S1, North American Standard for Cold-Formed Steel Framing - Lateral
Design with Supplement No. 1”

CHANGES AND UPDATES IN CHAPTER B, ELEMENTS

1. Add Section B2.5, Uniformly Compressed Elements Restrained by Intermittent Connections,
as follows:

B2.5 Uniformly Compressed Elements Restrained by Intermittent Connections

The provisions of this section shall apply to compressed elements of flexural members
only. The provisions shall be limited to multiple flute built-up members having edge-
stiffened cover plates. When the spacing of fasteners, s, of a uniformly compressed element
restrained by intermittent connections is not greater than the limits specified in Section D1.3,
the effective width shall be calculated in accordance with Section B2.1. When the spacing of
fasteners is greater than the limits specified in Section D1.3, the effective width shall be
determined in accordance with (a) and (b) below.

(a) Strength Determination

The effective width of the uniformly compressed element restrained by intermittent
connections shall be determined as follows:

(1) When f < F, the effective width of the compression element between connection lines
shall be calculated in accordance with Section B2.1(a).
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(2) When f = F, the effective width of the compression element between connection lines

shall be calculated in accordance with Section B2.1(a), except that the reduction factor p
shall be determined as follows:

P=PtPm (Eq. B2.5-1)
where
pr=(1-022/1) /A <1 (Eq. B2.5-2)
where
FC
A = | == (Eq. B2.5-3)
FCT
F. = Critical column buckling stress of compression element
= 3.29E/(s/t)’ (Eq. B2.5-4)
where
s = Center-to-center spacing of connectors in the line of compression stress
E = Modulus of elasticity of steel
t = Thickness of cover plate in compression;

For = Defined in Eq. B2.1-5 where w is the maximum transverse spacing of connectors

Fy )\ [tF
=g Y| /X <10 Eg. B2.5-5
Pm [ ; J T (Eq )

where
Fy = Design yield stress of the compression element restrained by intermittent

connections

d = Overall depth of the built-up member

f Stress in compression element restrained by intermittent connections when the
controlling extreme fiber stress is Fy.

The above equations shall meet the following limits:
1.5in. (38 mm) <d <7.5in. (191 mm)
0.035 in. (0.9 mm) < t < 0.060 in. (1.5 mm)
2.0in. (51 mm) <s <8.0 in. (203 mm)
33 ksi (228 MPa) < Fy, < 60 ksi (414 MPa)
100 <w/t <350
The provisions of this section shall not apply to single flute members having compression
plates with edge stiffeners.
(b) Serviceability Determination

The effective width of the uniformly compressed element restrained by intermittent
connections used for computing deflection shall be determined in accordance with Section
B2.5(a) except that: 1) fq shall be substituted for f, where fg4 is the computed compression
stress in the element being considered at service load, and 2) the maximum extreme fiber
stress in the built-up member shall be substituted for Fy.
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2. On page 29, revise the title, the first paragraph and Eq. B5.1.1-1 of Section B5.1.1 as follows:

B5.1.1 Specific Case: Single or n Identical Stiffeners, Equally Spaced

For uniformly compressed elements with single, or multiple identical and equally
spaced stiffeners, the plate buckling coefficients and effective widths shall be calculated as
follows:

(a) Strength Determination

Kioc= 4(bo/bp)? (Eq. B5.1.1-1)

3. On page 29, revise the first paragraph under Section B5.1.2 to:

“For uniformly compressed stiffened elements with stiffeners of arbitrary size, location
and number, the plate buckling coefficients and effective widths shall be calculated as
follows:”

CHANGES AND UPDATES IN CHAPTER C, MEMBERS
1. Replace Section C2 with the following:

C2 Tension Members

For axially loaded tension members, the available tensile strength [factored resistance] shall be
the lesser of the values obtained in accordance with Sections C2.1 and C2.2, where the nominal
strengths [resistance] and the corresponding safety and resistance factors are provided. The available
strengths shall be determined in accordance with the applicable method in Section A4, A5, or
A6.

The nominal tensile strength [resistance] shall also be limited by the connection strength of
the tension members, which is determined in accordance with the provisions of Chapter E.

C2.1 Yielding of Gross Section

The nominal tensile strength [resistance], Ty, due to yielding of the gross section shall be
determined as follows:

Tn = AgFy (Eg. C2.1-1)
Q =167 (ASD)
¢+ = 090 (LRFD)
=090 (LSD)
where

Ag = Gross area of cross section
Fy = Design yield stress as determined in accordance with Section A7.1

C2.2 Rupture of Net Section

The nominal tensile strength [resistance], T, due to rupture of the net section shall be
determined as follows:
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Th = AnFy (Eq. C2-2)
Qp =200 (ASD)
¢« = 0.75 (LRFD)

= 0.75 (LSD)

where

Ap = Net area of cross section
Fy = Tensile strength as specified in either Section A2.1 or A2.3.2

2. On page 32, revise the first paragraph under Section C3.1 as follows:
“The design flexural strength [moment resistance], ¢ppMp, and the allowable flexural strength,
M,/ Qp, shall be the smallest of the values calculated in accordance with Sections C3.1.1,
C3.1.2,C3.1.3,C3.1.4, D6.1.1, D6.1.2, and D6.2.1, where applicable.”

3. On page 32, delete lines 7 to 11 under Section C3.1.1.

4. On page 34, add the following definition before A3:

“) = Slenderness factor defined in Section B3.2”
5. Replace Section C3.1.4 with the following;:

C3.1.4 Distortional Buckling Strength [Resistance]

The provisions of this section shall apply to I-, Z-, C-, and other open cross-section
members that employ compression flanges with edge stiffeners, with the exception of
members that meet the criteria of Section D6.1.1, D6.1.2 when the R factor of Eq. D6.1.2-1 is
employed, or D6.2.1. The nominal flexural strength [moment resistance] shall be calculated in
accordance with Eq. C3.1.4-1 or Eq. C3.1.4-2. The safety factor and resistance factors given in
this section shall be used to determine the allowable flexural strength or design flexural
strength [factored moment resistance] in accordance with the applicable design method in
Section A4, A5, or A6.

Qp
Ob

1.67 (ASD)
0.90 (LRFD)
0.85 (LSD)
For 1,3<0.673

Mn= My (Eq. C3.1.4-1)
For Aq > 0.673

0.5 0.5
Mp= |1- 0.22[ h;[/frd J {M] M, (Eq. C3.1.4-2)
y

where

M =My Mg (Eq. C3.1.4-3)
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My = SgFy (Eq. C3.1.4-4)
where
Sty = Elastic section modulus of full unreduced section relative to extreme fiber in
first yield
Mad = SiFgq (Eq. C3.1.4-5)
where
S¢ = Elastic section modulus of full unreduced section relative to extreme

compression fiber
Fq = Elastic distortional buckling stress calculated in accordance with either Section
C3.1.4(a) or (b)

(a) For C- and Z-Sections or any Open Section with a Stiffened Compression Flange Extending to
One Side of the Web where the Stiffener is either a Simple Lip or a Complex Edge Stiffener
The provisions of this section shall be permitted to apply to any open section with a
single web and single edge stiffened compression flange. The distortional buckling stress,
Fq, shall be calculated in accordance with Eq. C3.1.4-6 as follows:

:[3 k¢fe +k¢v~ve +k¢

Fq — (Eq. C3.1.4-6)
Kofg + Kowg
where
B = A value accounting for moment gradient, which is permitted to be
conservatively taken as 1.0
= 1.0<1+0.4(L/Ly)%7 (1+M;/M)%7 <13 (Eq. C3.1.4-7)
where
L = Minimum of L., and L,
where
1
2 Y
4n*h 1—“2 ) Ixyf 2 nh *
Lo = #) Ixf(xof _hxf) +wa __(Xof _hxf) + °
t Lot 720
(Egq. C3.1.4-8)
where
h, = Out-to-out web depth as defined in Figure B2.3-2
u = Poisson’s ratio
t = Base steel thickness
Iy = x-axis moment of inertia of the flange
Xof = x distance from the centroid of the flange to the shear center of the
flange

hys = x distance from the centroid of the flange to the flange/web junction
Cwf = Warping torsion constant of the flange

Ixyf = Product of the moment of inertia of the flange

Iyt = y-axis moment of inertia of the flange

In the above, Iy, Iyt Ixyf, Cwt, Xof, and hys are properties of the compression
flange plus edge stiffener about an x-y axis system located at the centroid of
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the flange, with the x-axis measured positive to the right from the centroid,
and the y-axis positive down from the centroid.

Ly = Distance between discrete restraints that restrict distortional buckling
(for continuously restrained members L,=Ly)

M; and My = The smaller and the larger end moments, respectively, in the
unbraced segment (Ly,) of the beam; M1/M3 is positive when the moments
cause reverse curvature and negative when bent in single curvature

k¢te = Elastic rotational stiffness provided by the flange to the flange/web juncture

4 12 2
_ (T 2 xyf 2 T
= (f) EL(xof —hyf )* + EC —EI—(xOf ~hy) +(f) GJ¢ (Egq. C3.1.4-9)
yf
where
E = Modulus of elasticity of steel
G = Shear modulus

Jf

St. Venant torsion constant of the compression flange, plus edge stiffener
about an x-y axis located at the centroid of the flange, with the x-axis
measured positive to the right from the centroid, and the y-axis positive
down from the centroid

Kywe = Elastic rotational stiffness provided by the web to the flange/web juncture

3 2 4 3
- __E 3 +(£j Ph, +(l) ho (Eq. C3.1.4-10)
12(1 - p?)| hy L 60 L) 240

ky = Rotational stiffness provided by a restraining element (brace, panel, sheathing)
to the flange/web juncture of a member (zero if the compression flange is
unrestrained)

kg = Geometric rotational stiffness (divided by the stress Fq) demanded by the

flange from the flange/web juncture

2
2 I I
_(m 2| Txyf xyf 2 2
=l = | |Ag| (xor —hys) ~2yof(Xof ~hyt +hic+yoe |+ 1 + 1
L Lyt Lyt y

(Eq. C3.1.4-11)
where
A¢ = Cross-sectional area of the compression flange plus edge stiffener about an x-
y axis located at the centroid of the flange, with the x-axis measured positive
to the right from the centroid, and the y-axis positive down from the
centroid
Vof = Yy distance from the centroid of the flange to the shear center of the flange

1?¢Wg= Geometric rotational stiffness (divided by the stress F3) demanded by the

web from the flange/web juncture
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2 >
| (4536001~ )+ 62160][5} 44872 + [hLOj [53+3(1— £, o)t
= O o
13440 2 4
nt + 28n2(Lj + 420(Lj
hO o

(Eq. C3.1.4-12)
where
Eweb = (f1 - £2)/f1, stress gradient in the web, where f; and f; are the stresses at the
opposite ends of the web, f1>f>, compression is positive, tension is negative,
and the stresses are calculated on the basis of the gross section, (e.g., pure
symmetrical bending, f1=-f2, Eweb = 2)

(b) Rational Elastic Buckling Analysis

A rational elastic buckling analysis that considers distortional buckling shall be
permitted to be used in lieu of the expressions given in Section C3.1.4 (a). The safety and
resistance factors in Section C3.1.4 shall apply.

6. On page 44, change the second paragraph under Section C3.3.1 to:

“For beams without shear stiffeners as defined in Section C3.7.3, the required flexural
strength, M, and required shear strength, V, shall also satisfy the following interaction
equation:”

And on page 45, change the first paragraph to:
“For beams with shear stiffeners as defined in Section C3.7.3, when QpM/Mjyo > 0.5
and Q,V/V,>0.7, M and V shall also satisfy the following interaction equation:”

7. On page 45, change the second paragraph under Section C3.3.2 to:
“For beams without shear stiffeners as defined in Section C3.7.3, the required flexural

strength [factored moment], M, and the required shear strength [factored shear], V, shall also
satisfy the following interaction equation:”
And on page 45, change the third paragraph under Section C3.3.2 to:

“For beams with shear stiffeners as defined in Section C3.7.3, when M /(¢pMpyo) > 0.5
and V /(¢yVp) > 0.7, M and V shall also satisfy the following interaction equation:”

8. On page 51, revise “dp” in item (9) to “dy”.
9. Replace Section C4.2 with the following:

C4.2 Distortional Buckling Strength [Resistance]

The provisions of this section shall apply to I-, Z-, C-, Hat, and other open cross-section
members that employ flanges with edge stiffeners, with the exception of members that are
designed in accordance with Section D6.1.3 or D6.1.4. The nominal axial strength [compressive
resistance] shall be calculated in accordance with Eqs. C4.2-1 and C4.2-2. The safety factor and
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resistance factors in this section shall be used to determine the allowable compressive strength or
design compressive strength [resistance] in accordance with the applicable design method in
Section A4, A5, or A6.

Oc = 180 (ASD)
¢c = 085 (LRFD)
0.80 (LSD)

For 1q<0.561
For Aq > 0.561

p 0.6 p 0.6
P, = 1—0.25[ CrdJ ( CfdJ Py (Eq. C4.2-2)
PY PY

where

ha =Py /Peq (Eq. C4.2-3)

Pn Nominal axial strength

Py = Ang (Egq. C4.2-4)
where
Ag = Gross area of the cross-section

Fy = Yield stress

Perd = AgFd (Eq. C4.2-5)
where
Fq = Elastic distortional buckling stress calculated in accordance with either Section
C4.2(a) or (b)

(a) For C- and Z-Sections or Hat Sections or any Open Section with Stiffened Flanges of Equal
Dimension where the Stiffener is either a Simple Lip or a Complex Edge Stiffener
The provisions of this section shall apply to any open section with stiffened flanges of
equal dimension.

kaeo +k +k
Fy=—dfe” “owe 774 (Eq. C4.2-6)
Ko + Kowg

where

kote = Elastic rotational stiffness provided by the flange to the flange/web juncture,
in accordance with Eq. C3.1.4-9

Kywe = Elastic rotational stiffness provided by the web to the flange/web juncture

3
6ho(1-p2)
ky = Rotational stiffness provided by restraining elements (brace, panel,

sheathing) to the flange/web juncture of a member (zero if the flange is
unrestrained). If rotational stiffness provided to the two flanges is dissimilar,
the smaller rotational stiffness is used.
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Ed)fg = Geometric rotational stiffness (divided by the stress Fq) demanded by the
flange from the flange/web juncture, in accordance with Eq. C3.1.4-11
id)wg = Geometric rotational stiffness (divided by the stress Fy) demanded by the

web from the flange/web juncture

n)? thg
(E) 0 (Egq. C4.2-8)

where
L = Minimum of L. and L,

where

4 ( 2 ) 12 i
Lcr = or h0t31 = Ixf (Xof _hxf )2 + wa - IXYff (Xof _hxf )2 (EEI- C4-2'9)
y

Ly =Distance between discrete restraints that restrict distortional buckling
(for continuously restrained members Ly, = L¢y)
See Section C3.1.4 (a) for definition of variables in Eq. C4.2-9.

(b) Rational elastic buckling analysis

A rational elastic buckling analysis that considers distortional buckling shall be permitted
to be used in lieu of the expressions given in Section C4.2(a). The safety and resistance factors
in Section C4.2 shall apply.

CHANGES AND UPDATES IN CHAPTER D, STRUCTURAL ASSEMBLIES AND SYSTEMS
1. On page 68, replace Section D1.1 as follows:

D1.1 Flexural Members Composed of Two Back-to-Back C-Sections

The maximum longitudinal spacing of connections (one or more welds or other
connectors), Smax, joining two C-sections to form an I-section shall be:

Smax= L/ 6 0r ZI;gl—T;, whichever is smaller (Eq. D1.1-1)
where
L = Span of beam
g = Vertical distance between two rows of connections nearest to top and bottom flanges
Ts= Awvailable strength [factored resistance] of connection in tension (Chapter E)
m = Distance from shear center of one C-section to mid-plane of web
q = Design load [factored load] on beam for determining longitudinal spacing of

connections (see below for methods of determination).

The load, q, shall be obtained by dividing the concentrated loads or reactions by the
length of bearing. For beams designed for a uniformly distributed load, q shall be taken
as equal to three times the uniformly distributed load, based on the critical load
combinations for ASD, LRFD, and LSD.

If the length of bearing of a concentrated load or reaction is smaller than the
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longitudinal connection spacing, s, the required strength [effect of factored loads] of the
connections closest to the load or reaction shall be calculated as follows:

Tr= Psm/2g (Eq. D1.1-2)
where
Ps = Concentrated load [factored load] or reaction based on critical load
combinations for ASD, LRFD, and LSD
Tr = Required strength [effect of factored loads] of connection in tension

The allowable maximum spacing of connections, smayx, shall depend upon the intensity of
the load directly at the connection. Therefore, if uniform spacing of connections is used over
the whole length of the beam, it shall be determined at the point of maximum local load
intensity. In cases where this procedure would result in uneconomically close spacing, either
one of the following methods shall be permitted to be adopted:

(@) The connection spacing varies along the beam according to the variation of the load
intensity, or

(b) Reinforcing cover plates are welded to the flanges at points where concentrated loads
occur. The available shear strength [factored resistance] of the connections joining these
plates to the flanges is then used for T}, and g is taken as the depth of the beam.

2. On page 69, revise the last paragraph in Section D1.2 as follows:

“(3) The intermediate fastener(s) or weld(s) at any longitudinal member tie location are
capable of transmitting required strength in any direction of 2.5 percent of the
available axial strength [factored axial resistance] of the built-up member.”

3. On page 69, revise the first sentence of the first paragraph in Section D1.3 as follows:

“To develop the required strength of the compression element, the spacing, s, in the line of
stress, of welds, rivets, or bolts connecting a cover plate, sheet, or a non-integral stiffener in
compression to another element shall not exceed (a), (b), and (c) as follows:”

4. Add the following paragraph to the end of Section D1.3:

“When any of the limits (a), (b), or (c) in this section are exceeded, the effective width
shall be determined in accordance with Section B2.5.”

5. On page 70, revise Sections D3 and D3.1 as follows:

D3 Lateral and Stability Bracing

Braces and bracing systems, including connections, shall be designed with adequate
strength and stiffness to restrain lateral bending or twisting of a loaded beam or column, and to
avoid local crippling at the points of attachment. Braces and bracing systems, including
connections, shall also be designed considering strength and stiffness requirements, as
applicable.

C-Section and Z-Section beam bracing shall meet the requirements specified in Section D3.2.

Bracing of axially loaded compression members shall meet the requirements as specified in
Section D3.3.

See Appendix B for additional requirements applicable to Canada. —B
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D3.1 Symmetrical Beams and Columns

The provision of this section shall only apply to Canada. See Section D3.1 of Appendix B.

—B
6. On page 70, revise the last sentence of the first paragraph under Section D3.2 to “Also, see
Appendix B for additional requirements applicable to Canada.”

7. On page 73, add the following to the end of Section D4, and delete “ =>A “:

“(e) Light-framed shear walls, diagonal strap bracing (that is part of a structural wall) and
diaphragms to resist wind, seismic and other in-plane lateral loads shall be designed in
accordance with AISI 5213.”

8. On page 75, change item (14) to “(14) The design yield stress of the member does not exceed
60 ksi (410 MPa or 4220 kg/cm?2).”

9. In Table D6.3.1-1 on page 81, for Multiple Spans, with SS Roofs and Exterior Frame Line,
change the value for C2 from “1.3” to “13”.

CHANGES AND UPDATES IN CHAPTER E, CONNECTIONS AND JOINTS
Replace the entire Chapter E with the following;:
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E. CONNECTIONS AND JOINTS

E1 General Provisions

Connections shall be designed to transmit the required strength [factored loads] acting on the
connected members with consideration of eccentricity where applicable.

E2 Welded Connections

The following design criteria shall apply to welded connections used for cold-formed steel
structural members in which the thickness of the thinnest connected part is 3/16 in. (4.76 mm) or
less. For the design of welded connections in which the thickness of the thinnest connected part
is greater than 3/16 in. (4.76 mm), the specifications or standards stipulated in the

corresponding Section E2a of Appendix A or B shall be followed. =AB
Welds shall follow the requirements of the weld standards also stipulated in Section E2a of
Appendix A or B. For diaphragm applications, Section D5 shall apply. —AB

E2.1 Groove Welds in Butt Joints

The nominal strength [resistance], Pp, of a groove weld in a butt joint, welded from one or
both sides, shall be determined in accordance with (a) or (b), as applicable. The
corresponding safety factor and resistance factors shall be used to determine the allowable
strength or design strength [factored resistance] in accordance with the applicable design method
in Section A4, A5, or A6.

(a) For tension or compression normal to the effective area, the nominal strength [resistance],
Py, shall be calculated in accordance with Eq. E2.1-1:

P, = LtFy (Eq. E2.1-1)
Q =170 (ASD)
¢ =090 (LRFD)

= 080 (LSD)

(b) For shear on the effective area, the nominal strength [resistance], Py, shall be the smaller
value calculated in accordance with Eqgs. E2.1-2 and E2.1-3:
P, = Lte 0.6Fyy (Eq. E2.1-2)
Q =190 (ASD)
¢ = 0.80 (LRFD)

= 0.70 (LSD)
Pp = LtcF, /43 (Eq. E2.1-3)
= 1.70 (ASD)
¢ =090 (LRFD)
= 0.80 (LSD)
where
P, = Nominal strength [resistance] of groove weld
L = Length of weld
te = Effective throat dimension of groove weld

12 This document is copyrighted. Any redistribution is prohibited. February 2010
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Fy = Yield stress of lowest strength base steel
Fyx = Tensile strength of electrode classification

E2.2 Arc Spot Welds

Arc spot welds, where permitted by this Specification, shall be for welding sheet steel to
thicker supporting members or sheet-to-sheet in the flat position. Arc spot welds (puddle
welds) shall not be made on steel where the thinnest sheet exceeds 0.15 in. (3.81 mm) in
thickness, nor through a combination of steel sheets having a total thickness over 0.15 in. (3.81
mm).

Weld washers, as shown in Figures E2.2-1 and E2.2-2, shall be used where the thickness of
the sheet is less than 0.028 in. (0.711 mm). Weld washers shall have a thickness between
0.05 in. (1.27 mm) and 0.08 in. (2.03 mm) with a minimum pre-punched hole of 3/8 in. (9.53
mm) diameter. Sheet-to-sheet welds shall not require weld washers.

Arc spot welds shall be specified by a minimum effective diameter of fused area, de. The
minimum allowable effective diameter shall be 3/8 in. (9.5 mm). =B

Arc Spot Weld
Sheet

Weld Washer

Washer

\

Plane of Maximum
Shear Transfer
] /_

Figure E2.2-2 Arc Spot Weld Using Washer

E2.2.1 Minimum Edge and End Distance

The distance from the center line of an arc spot weld to the end or edge of the
connected member shall not be less than 1.5d. In no case shall the clear distance between
welds and the end or edge of the member be less than 1.0d. See Figures E2.2.1-1 and
E2.2.1-2 for details.
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Figure E2.2.1-2 End and Edge Distance for Arc Spot Welds - Double Sheet

E2.2.2 Shear

E2.2.2.1 Shear Strength [Resistance] for Sheet(s) Welded to a Thicker Supporting

Member

The nominal shear strength [resistance], Py, of each arc spot weld between the sheet or
sheets and a thicker supporting member shall be determined by using the smaller of
either (a) or (b). The corresponding safety factor and resistance factors shall be used to
determine the allowable strength or design strength [factored resistance] in accordance with
the applicable design method in Section A4, A5, or A6.

(@) Pn
Q
¢

(b) For
Pn
Q

(d

“jg 0.75F, (Eq. E2.2.2.1-1)
255 (ASD)

0.60  (LRED)

050 (LSD)

/1) <0.815./E/F,

220t d, Fy (Eq. E2.2.2.1-2)
220 (ASD)
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¢ =070 (LRFD)
= 0.60 (LSD)
For 0.815E/F, <(da/t) <1.397E/F,
Py = 0.280|:1 +5.59Y E/Fy }tdaFu (Eq. B2.2.2.1-3)
d,/t
Q =280 (ASD)
¢ = 055 (LRFD)
= 045 (LSD)
For (da/t) 21.397 JE/F,
Pn = 140td, Fy (Eq. E2.2.2.1-4)
Q =305 (ASD)
¢ = 050 (LRFD)
= 040 (LSD)
where
Pn, = Nominal shear strength [resistance] of arc spot weld
de = Effective diameter of fused area at plane of maximum shear transfer
= 0.7d - 1.5t < 0.55d (Eq. E2.2.2.1-5)
where
d = Visible diameter of outer surface of arc spot weld
t = Total combined base steel thickness (exclusive of coatings) of sheets
involved in shear transfer above plane of maximum shear transfer
t
%’?J{
de=0.7d - 1.5t < 0.55d «—d, —>
dg=d-t ~——d g ——>

¢ Plane of Maximum
Shear Transfer

de=0.7d - 1.5t < 0.55d

dg=d-t - d ;——>

Figure E2.2.2.1-2 Arc Spot Weld - Double Thickness of Sheet
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Fyx = Tensile strength of electrode classification
da = Average diameter of arc spot weld at mid-thickness of t where d, = (d - t)

for single sheet or multiple sheets not more than four lapped sheets over a
supporting member. See Figures E2.2.2.1-1 and E2.2.2.1-2 for diameter

definitions.

E = Modulus of elasticity of steel

Fu = Tensile strength as determined in accordance with Section A2.1, A2.2, or
A232

E2.2.2.2 Shear Strength [Resistance] for Sheet-to-Sheet Connections

The nominal shear strength [resistance] for each weld between two sheets of equal
thickness shall be determined in accordance with Eq. E2.2.2.2-1. The safety factor and
resistance factors in this section shall be used to determine the allowable strength or design
strength [factored resistance] in accordance with the applicable design method in Section
A4, A5, or A6.

Pp= 1.65td,Fy (Eq. F2.2.2.2-1)
Q=220 (ASD)
¢ =070 (LRFD)

= 0.60 (LSD)
where
P, = Nominal shear strength [resistance] of sheet-to-sheet connection
t = Total combined base steel thickness (exclusive of coatings) of sheets involved
in shear transfer above plane of maximum shear transfer
dy = Average diameter of arc spot weld at mid-thickness of t. See Figure E2.2.2.2-1
for diameter definitions.
- d-y
where
d = Visible diameter of the outer surface of arc spot weld
de = Effective diameter of fused area at plane of maximum shear transfer
= 0.7d - 1.5t < 0.55d (Eq. E2.2.2.2-2)
Fu = Tensile strength of sheet as determined in accordance with Section A2.1 or
A22

dy=d-t
d, = 0.7d-1.5t < 0.55d

< d

Figure E2.2.2.2-1 Arc Spot Weld - Sheet-to-Sheet
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In addition, the following limits shall apply:
(1) Fy < 59 ksi (407 MPa or 4150 kg/cm?),
(2) Fxx> Fy, and
(3) 0.028 in. (0.71 mm) <t <0.0635 in. (1.61 mm).

E2.2.3 Tension

The uplift nominal tensile strength [resistance], P, of each concentrically loaded arc spot
weld connecting sheet(s) and supporting member shall be computed as the smaller of
either Eq. E2.2.3-1 or Eq. E2.2.3-2, as follows. The safety factor and resistance factors shall be
used to determine the allowable strength or design strength [factored resistance] in accordance
with the applicable design method in Section A4, A5, or A6.

2
Py = “je Fly (Eq. E2.2.3-1)
Pn = 0.8(Fyu/Fy)2t daFy (Eq. E2.2.3-2)
For panel and deck applications:
Q=250 (ASD)
¢ = 0.60 (LRFD)
= 050 (LSD)

For all other applications:
Q= 3.00 (ASD)
¢ = 050 (LRFD)
= 0.40 (LSD)
The following limits shall apply:
td,y Fy <3 kips (13.34 kN),
Fyx 2 60 ksi (410 MPa or 4220 kg/cm?2),
Fu < 82 ksi (565 MPa or 5770 kg/cm?2) (of connecting sheets), and
Fix > Fu

See Section E2.2.2 for definitions of variables.

\%

For eccentrically loaded arc spot welds subjected to an uplift tension load, the nominal
tensile strength [resistance] shall be taken as 50 percent of the above value.

For connections having multiple sheets, the strength [resistance] shall be determined by
using the sum of the sheet thicknesses as given by Eq. E2.2.3-2.

At the side lap connection within a deck system, the nominal tensile strength
[resistance] of the weld connection shall be 70 percent of the above values.

Where it is shown by measurement that a given weld procedure consistently gives a
larger effective diameter, de, or average diameter, d,, as applicable, this larger diameter
shall be permitted to be used provided the particular welding procedure used for making
those welds is followed.

E2.2.4 Combined Shear and Tension on an Arc Spot Weld

For arc spot weld connections subjected to a combination of shear and tension, Section
E2.2.4.1 or Section E2.2.4.2 shall be applied. In addition, the following limitations shall be
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satisfied:
Fy <105 ksi (724 MPa, 7380 kg/cm?)
Fexx > 60 ksi (414 MPa, 4220 kg/cm?2)
td,Fy < 3 kips (13.34 kN, 1360 kg)
Fy/Fy >1.02
0.47 in. (11.9 mm) < d <£1.02 in. (25.9 mm)

E2.2.4.1 ASD Method

For arc spot weld connections subjected to a combination of shear and tension forces,
the following requirements shall be met for ASD:

O.T 1.5
If [ t <0.15, no interaction check shall be required.
nt
1.5
If [QtT >0.15,
nt
1.5 1.5
Q,Q QT
+ <1 (Eq. E2.2.4.1-1)
P1r1s Pnt
where

Q = Corresponding safety factor for Pnt given by Section E2.2.3

T = Required allowable tensile strength of connection
Pnt = Nominal tension strength as given by Section E2.2.3

Qs = Corresponding safety factor for Pps given by Section E2.2.2

Q0
|

= Required allowable shear strength of connection
Nominal shear strength as given by Section E2.2.2

~
=]
)

]

E2.2.4.2 LRFD and LSD Methods

For arc spot weld connections subjected to a combination of shear and tension forces,
the following requirements shall be met for LRFD or LSD:

— 1.5
If ( T J <0.15, no interaction check shall be required.
¢tPnt

— 15
If( T j >0.15,

¢tPnt

— 15 = \15
ECR I o S

where

T

Required tensile strength [factored tension force] of the connection
Ty for LRFD

T¢ for LSD
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=
-
Il

Resistance factor corresponding to Ppt given in E2.2.3

}-U
=
[

= Nominal tension strength [resistance] as given by Section E2.2.3
Pns = Nominal shear strength [resistance] as given by Section E2.2.2

Q = Required shear strength [factored shear force] of the connection
= Qy for LRFD
= Qs for LSD

¢s = Resistance factor corresponding to Pys given in E2.2.2

E2.3 Arc Seam Welds

Arc seam welds covered by this Specification shall apply only to the following joints: =B

(@) Sheet to thicker supporting member in the flat position (See Figure E2.3-1), and
(b) Sheet to sheet in the horizontal or flat position.

t o

—>{ d |(=—Width

Figure E2.3-1 Arc Seam Welds - Sheet to Supporting Member in Flat Position

E2.3.1 Minimum Edge and End Distance

The distance from the center line of an arc seam weld to the end or edge of the connected
member shall not be less than 1.5d. In no case shall the clear distance between welds and the
end or edge of the member be less than 1.0d. See Figure E2.3.1-1 for details.

Figure E2.3.1-1 End and Edge Distances for Arc Seam Welds
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E2.3.2 Shear

E2.3.2.1 Shear Strength [Resistance] for Sheet(s) Welded to a Thicker Supporting

Member

The nominal shear strength [resistance], Py, of arc seam welds shall be determined by
using the smaller of either Eq. E2.3.2.1-1 or Eq. E2.3.2.1-2. The safety factor and resistance
factors in this section shall be used to determine the allowable strength or design strength
[factored resistance] in accordance with the applicable design method in Section A4, A5,

or A6.
2
P, = {“ie +Ld, ]0.751?XX
P, = 2.5tF,(0.25L +0.96d,)
Q =255 (ASD)
¢ = 0.60 (LRFD)
= 0.50 (LSD)
where
P, = Nominal shear strength [resistance] of arc seam weld
de = Effective width of seam weld at fused surfaces
= 0.7d - 1.5t
where
d = Width of arc seam weld
L = Length of seam weld not including circular ends

(For computation purposes, L shall not exceed 3d)
dy = Average width of seam weld
= (d - t) for single or double sheets
Fu, Fxx, and t = Values as defined in Section E2.2.2.1

E2.3.2.2 Shear Strength [Resistance] for Sheet-to-Sheet Connections

(Eq. E2.3.2.1-1)

(Eq. E2.3.2.1-2)

(Eq. F2.3.2.1-3)

(Eq. F2.3.2.1-4)

The nominal shear strength [resistance] for each weld between two sheets of equal
thickness shall be determined in accordance with Eq. E2.3.2.2-1. The safety factor and
resistance factors in this section shall be used to determine the allowable strength or design
strength [factored resistance] in accordance with the applicable design method in Section

A4, A5 or A6.
Py = 1.65td,Fy
Q =220 (ASD)
¢ = 0.70 (LRFD)
= 0.60 (LSD)
where
P, = Nominal shear strength [resistance] of sheet-to-sheet connection

da
width definitions.

(d-9

This document is copyrighted. Any redistribution is prohibited.

(Eq. E2.3.2.2-1)

Average width of arc seam weld at mid-thickness of t. See Figure E2.3.2.2-1 for
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where
d = Visible width of the outer surface of arc seam weld
t = Total combined base steel thickness (exclusive of coatings) of sheets
involved in shear transfer above plane of maximum shear transfer
Fu= Tensile strength of sheet as determined in accordance with Section A2.1 or A2.2

In addition, the following limits shall apply:
(1) Fy< 59 ksi (407 MPa or 4150 kg/cm?)
(2) Fxx> Fy
(3) 0.028 in. (0.71 mm) <t < 0.0635 in. (1.61 mm)

—p| |e— —

l
f

dy=d-t
dy = 0.7d-1.5t < 0.55d

d >

Figure E2.3.2.2-1 Arc Seam Weld - Sheet-to-Sheet

E2.4 Fillet Welds

Fillet welds covered by this Specification shall apply to the welding of joints in any
position, either:
(a) Sheet to sheet, or
(b) Sheet to thicker steel member.

The nominal shear strength [resistance], Pn, of a fillet weld shall be determined in

accordance with this section. The corresponding safety factors and resistance factors given in
this section shall be used to determine the allowable strength or design strength [factored
resistance] in accordance with the applicable design method in Section A4, A5, or A6.

(1) For longitudinal loading:

ForL/t<25
P, = (1—0'0%)Lt13u (Eq. E2.4-1)
Q =255 (ASD)
¢ = 0.60 (LRFD)
= 050 (LSD)
ForL/t>25
P, = 0.75 tLF, (Eq. E2.4-2)
Q =305 (ASD)
¢ = 050 (LRFD)
= 040 (LSD)
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(2) For transverse loading:

P, = tLE, (Eq. E2.4-3)
Q =235 (ASD)
¢ = 0.65 (LRFD)
= 0.60 (LSD)
where

t = Least value of t; or tp, as shown in Figures E2.4-1 and E2.4-2
In addition, for t > 0.10 in. (2.54 mm), the nominal strength [resistance] determined in
accordance with (1) and (2) shall not exceed the following value of Pp:

Pn = 0.75 tyLFxx (Eq. E2.4-4)
Q =255 (ASD)
¢ = 0.60 (LRFD)
= 0.50 (LSD)
where
P, = Nominal fillet weld strength [resistance]
L = Length of fillet weld
F, and Fy = Values as defined in Section E2.2.2.1
tw = Effective throat
= 0.707 wy or 0.707 wp, whichever is smaller. A larger effective throat is permitted
if measurement shows that the welding procedure to be used consistently yields
a larger value of ty.
where

w1 and wy = leg of weld (see Figures E2.4-1 and E2.4-2) and wy < t1 in lap joints

-

tW
[ D 4
kS Rt y 1
t t
.| SR 7 Z
Figure E2.4-1 Fillet Welds - Lap Joint Figure E2.4-2 Fillet Welds - T Joint

E2.5 Flare Groove Welds

Flare groove welds covered by this Specification shall apply to welding of joints in any
position, either sheet to sheet for flare-V groove welds, sheet to sheet for flare-bevel groove
welds, or sheet to thicker steel member for flare-bevel groove welds.

The nominal shear strength [resistance], Py, of a flare groove weld shall be determined in

accordance with this section. The corresponding safety factors and resistance factors given in
this section shall be used to determine the allowable strength or design strength [factored
resistance] in accordance with the applicable design method in Section A4, A5, or A6.

Larger effective throat thicknesses, ty, than those determined by Equation E2.5-5 or
Equation E2.5-7, as appropriate, shall be permitted, provided the fabricator can establish by
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qualification the consistent production of such larger effective throat thicknesses.
Qualification shall consist of sectioning the weld normal to its axis, at mid-length and
terminal ends. Such sectioning shall be made on a number of combinations of material sizes
representative of the range to be used in the fabrication.

(a) For flare-bevel groove welds, transverse loading (see Figure E2.5-1):

P, = 0.833tLF, (Eq. E2.5-1)
Q =255 (ASD)
¢ =060 (LRFD)

= 050 (LSD)

e
§
3
5
5
S
&
8
Af

2
S
8
&
&

W
\

T
SN

h=min of hland h2
¥

55

Figure E2.5-2 Shear in Flare-Bevel Groove Weld Figure E2.5-3 Shear in Flare V-Groove Weld

or flare groove welds, longitudinal loading (see Figures E2.5-2 and E2.5-3):
b) For flare g lds, longitudinal loading Fig E2.5-2 and E2.5-3
(1) For t <ty <2t or if the lip height, h, is less than weld length, L.:

Pn = 0.75tLF, (Eq. E2.5-2)
Q =280 (ASD)
¢ = 055 (LRFD)
= 0.45 (LSD)
(2) For ty > 2t with the lip height, h, equal to or greater than weld length, L:
Pn = 1.50tLF, (Eq. E2.5-3)
Q =280 (ASD)
¢ = 055 (LRFD)
= 0.45 (LSD)
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¢) For t > 0.10 in. (2.54 mm), the nominal strength [resistance] determined in accordance with
8
(a) or (b) shall not exceed the value of P, calculated in accordance with Eq. E2.5-4.

Pn = 0.75tyLFx (Eq. E2.5-4)
Q =255 (ASD)
¢ = 0.60 (LRFD)
= 0.50 (LSD)

where

P, = Nominal flare groove weld strength [resistance]

t = Thickness of welded member as defined in Figures E2.5-1 to E2.5-3

L = Length of weld

F, and Fy = Values as defined in Section E2.2.2.1

h = Height of lip

Effective throat of flare groove weld determined using the following equations.
(i) For a flare-bevel groove weld

tw = [wz +t,f — R++2Rwy — Wi }(ﬂj - Rn(ﬂJ (Eq. B2.5-5)
Wg

Wi

tw

where

w1, wo = Leg of weld (see Figure E2.5-4)

twf = Effective throat of groove weld that is filled flush to the surface, w1 = R,
determined in accordance with Table E2.5-1

R = Radius of outside bend surface
n = [1-cos(equivalent angle)] determined in accordance with Table E2.5-1
ws = Face width of weld
= w[w% + w% (Eq. E2.5-6)
Table E2.5-1
Flare-Bevel Groove Welds
Welding Process Throat Depth n
(twe)

SMAW, FCAW-S 5/16 R 0.274

GMAW, FCAW-G 5/8 R 0.073

SAW 5/16 R 0.274
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Figure E2.5-4 Flare-Bevel Groove Weld

Figure E2.5-5 Flare V-Groove Weld

(ii) For a flare V-groove weld

tw = smaller of (twf - d1) and (tws - d2) (Eq. E2.5-7)
where
dj and dp = Weld offset from flush condition (see Figure E2.5-5)

Effective throat of groove weld that is filled flush to the surface
(i.e. d1 = dp =0), determined in accordance with Table E2.5-2
Rj and Ry = Radius of outside bend surface as defined in Figure E2.5-5

twf

Table E2.5-2
Flare V-Groove Welds

. Throat Depth
Welding Process (t.)
wf
SMAW, FCAW-S 5/8 R
GMAW, FCAW-G 3/4R
SAW 1/2R
Note: R shall be the lesser of Ry and R,
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E2.6 Resistance Welds

The nominal shear strength [resistance], P, of spot welds shall be determined in accordance
with this section. The safety factor and resistance factors given in this section shall be used to
determine the allowable strength or design strength [factored resistance] in accordance with the
applicable design method in Section A4, A5, or A6.

Q=235 (ASD)
¢ = 0.65 (LRFD)
0.55 (LSD)
When t is in inches and Py, is in kips:

For 0.01 in. <t<0.14 in.

P, = 144t (Eq. E2.6-1)
For 0.14in. <t <0.18 in.
P, = 43.4t+1.93 (Eq. E2.6-2)

When t is in millimeters and Py, is in kN:

For 0.25 mm <t < 3.56 mm

P, = 551t (Eq. E2.6-3)
For 3.56 mm <t <4.57 mm
P, = 7.6t+857 (Eq. E2.6-4)

When t is in centimeters and Py, is in kg
For 0.025 cm <t <0.356 cm

Pn = 16600t'% (Eq. E2.6-5)
For 0.356 cm <t <0.457 cm

P, = 7750t + 875 (Eq. E2.6-6)

where

P, = Nominal resistance weld strength [resistance]
t = Thickness of thinnest outside sheet

E3 Bolted Connections

The following design criteria and the requirements stipulated in Section E3a of Appendices
A and B shall apply to bolted connections used for cold-formed steel structural members in which
the thickness of the thinnest connected part is 3/16 in. (4.76 mm) or less. For bolted connections
in which the thickness of the thinnest connected part is greater than 3/16 in. (4.76 mm), the
specifications and standards stipulated in Section E3a of Appendix A or B shall apply. —=AB

Bolts, nuts, and washers conforming to one of the following ASTM specifications shall be
approved for use under this Specification:

ASTM A194/A194M, Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-
Temperature Service

ASTM A307 (Type A), Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength

ASTM A325, Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum Tensile Strength

ASTM A325M, High Strength Bolts for Structural Steel Joints [Metric]
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ASTM A354 (Grade BD), Quenched and Tempered Alloy Steel Bolts, Studs, and Other
Externally Threaded Fasteners (for diameter of bolt smaller than 1/2 in.)

ASTM A449, Quenched and Tempered Steel Bolts and Studs (for diameter of bolt smaller
than1/2in.)

ASTM A490, Heat-Treated Steel Structural Bolts, 150 ksi Minimum Tensile Strength

ASTM A490M, High Strength Steel Bolts, Classes 10.9 and 10.9.3, for Structural Steel Joints
[Metric]

ASTM A563, Carbon and Alloy Steel Nuts

ASTM A563M, Carbon and Alloy Steel Nuts [Metric]

ASTM F436, Hardened Steel Washers

ASTM F436M, Hardened Steel Washers [Metric]

ASTM F844, Washers, Steel, Plain (Flat), Unhardened for General Use

ASTM F959, Compressible Washer-Type Direct Tension Indicators for Use with Structural
Fasteners

ASTM F959M, Compressible Washer-Type Direct Tension Indicators for Use with
Structural Fasteners [Metric]

When other than the above are used, drawings shall indicate clearly the type and size of
fasteners to be employed and the nominal strength [resistance] assumed in design.

Bolts shall be installed and tightened to achieve satisfactory performance of the connections.

Slotted or oversized holes shall be permitted to be used when the hole occurs within the lap
of lapped or nested Z-members, subject to the following restrictions:

(1) 1/2in. (12.7 mm)-diameter bolts only with or without washers or backup plates
2) Maximum slot size is 9/16 in. x 7/8 in. (14.3 mm x 22.2 mm), slotted vertically
3) Maximum oversize hole is 5/8 in. (15.9 mm) diameter

5) Maximum member yield stress is 60 ksi (410 MPa, and 4220 kg/cm?)

6) Minimum lap length measured from center of frame to end of lap is 1.5 times the member
depth.

(
(
(4) Minimum member thickness is 0.060 in. (1.52 mm) nominal
(
(

E3.1 Minimum Spacing

The distance between the centers of fasteners shall not be less than 3d. In addition, the
minimum distance between centers of bolt holes shall provide clearance for bolt heads, nuts,
washers and the wrench. For oversized and slotted holes, the clear distance between the
edges of two adjacent holes shall not be less than 2d.

E3.2 Minimum Edge and End Distances

The distance from the center of a fastener to the edge or end of any part shall not be less
than 1.5d. For oversized and slotted holes, the distance between the edge of the hole and the
edge or end of the member shall not be less than d.
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E3.3 Bearing

The available bearing strength [factored resistance] of bolted connections shall be determined
in accordance with Sections E3.3.1 and E3.3.2. For conditions not shown, the available bearing

strength [factored resistance] of bolted connections shall be determined by tests.

=B

E3.3.1 Bearing Strength [Resistance] Without Consideration of Bolt Hole Deformation

When deformation around the bolt holes is not a design consideration, the nominal
bearing strength [resistance], Pn, of the connected sheet for each loaded bolt shall be
determined in accordance with Eq. E3.3.1-1. The safety factor and resistance factors given in
this section shall be used to determine the allowable strength or design strength [factored
resistance] in accordance with the applicable design method in Section A4, A5, or A6.

Pn
Q
¢

Cm¢dtF,
250 (ASD)
0.60 (LRFD)
0.50 (LSD)
where

C = Bearing factor, determined in accordance with Table E3.3.1-1

mg¢
according to Table E3.3.1-2
d = Nominal bolt diameter

(Eq. E3.3.1-1)

Modification factor for type of bearing connection, which shall be determined

t = Uncoated sheet thickness
Fu = Tensile strength of sheet as defined in Section A2.1 or A2.2
Table E3.3.1-1
Bearing Factor, C
Thickness of Connected Ratio of Fastener
Part, t, in. Diameter to
(mm) Member Thickness, C
d/t
d/t<10 3.0
0.024 <t<0.1875
10<d/t<22 4-0.1(d/t)
(0.61 <t <4.76)
d/t>22 1.8
Table E3.3.1-2

Modification Factor, mg, for Type of Bearing Connection

Washers

Type of Bearing Connection mf
Single Shear and Outside Sheets of Double Shear

Connection With Washers Under Both Bolt Head and Nut 1.00
Single Shear and Outside Sheets of Double Shear

Connection Without Washers under Both Bolt Head and 0.75
Nut, or With Only One Washer

Inside Sheet of Double Shear Connection With or Without 1.33
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E3.3.2 Bearing Strength [Resistance] With Consideration of Bolt Hole Deformation

When deformation around a bolt hole is a design consideration, the nominal bearing
strength [resistance], Py, shall be calculated in accordance with Eq. E3.3.2-1. The safety factor
and resistance factors given in this section shall be used to determine the available strength
[factored resistance] in accordance with the applicable design method in Section A4, A5, or
A6. In addition, the available strength shall not exceed the available strength obtained in
accordance with Section E3.3.1.

Py = (4.64at + 1.53)dtF, (Eq. E3.3.2-1)
Q =222 (ASD)
¢ = 0.65 (LRFD)
= 0.55 (LSD)
where
o = Coefficient for conversion of units

=1 for US customary units (with t in inches)
0.0394 for SI units (with t in mm)

= 0.394 for MKS units (with t in cm)
See Section E3.3.1 for definitions of other variables.

E3.4 Shear and Tension in Bolts

See Section E3.4 of Appendix A or B for provisions provided in this section. —=AB

E4 Screw Connections

All E4 requirements shall apply to screws with 0.08 in. (2.03 mm) <d <0.25 in. (6.35 mm).
The screws shall be thread-forming or thread-cutting, with or without a self-drilling point.
Screws shall be installed and tightened in accordance with the manufacturer’s
recommendations.

The nominal screw connection strengths [resistances] shall also be limited by Section C2.

For diaphragm applications, Section D5 shall be used.

Except where otherwise indicated, the following safety factor or resistance factor shall be used
to determine the allowable strength or design strength [factored resistance] in accordance with the
applicable design method in Section A4, A5, or A6.

Q =300 (ASD)
¢ =050 (LRFD)
= 040 (LSD)

Alternatively, design values for a particular application shall be permitted to be based on
tests, with the safety factor, ), and the resistance factor, ¢, determined according to Chapter F.

The following notation shall apply to Section E4:

d = Nominal screw diameter

dn, = Screw head diameter or hex washer head integral washer diameter
dy, = Steel washer diameter

d'w = Effective pull-over resistance diameter
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Pns = Nominal shear strength [resistance] per screw

Pss = Nominal shear strength [resistance] of screw as reported by manufacturer or
determined by independent laboratory testing

Pnot = Nominal pull-out strength [resistance] per screw

Pnov = Nominal pull-over strength [resistance] per screw

Pis = Nominal tension strength [resistance] of screw as reported by manufacturer or
determined by independent laboratory testing

t1 = Thickness of member in contact with screw head or washer

to = Thickness of member not in contact with screw head or washer

tc = Lesser of depth of penetration and thickness tp

Fu1 = Tensile strength of member in contact with screw head or washer
Fu2 = Tensile strength of member not in contact with screw head or washer
E4.1 Minimum Spacing

The distance between the centers of fasteners shall not be less than 3d.

E4.2 Minimum Edge and End Distances
The distance from the center of a fastener to the edge or end of any part shall not be less
than 1.5d.
E4.3 Shear
E4.3.1 Shear Strength [Resistance] Limited by Tilting and Bearing

The nominal shear strength [resistance] per screw, Ppg, shall be determined in accordance
with this section.

For tp/t1 < 1.0, Pyg shall be taken as the smallest of

Pps= 4.2 (t23d)1/2F ;o (Eq. E4.3.1-1)

Pns= 2.7t1 d Fyq (Eq. E4.3.1-2)

Pns= 27ty d Fp» (Eq. E4.3.1-3)
For tp/t1 > 2.5, Ppg shall be taken as the smaller of

Pns= 2.7t d Fyq (Eq. E4.3.1-4)

Pns= 2.7t d Fyp» (Eq. E4.3.1-5)

For 1.0 < tp/t1 < 2.5, Pps shall be calculated by linear interpolation between the above
two cases.

E4.3.2 Shear in Screws

The nominal shear strength [resistance] of the screw shall be taken as Pgg.

In lieu of the value provided in Section E4, the safety factor or the resistance factor shall
be permitted to be determined in accordance with Section F1 and shall be taken as 1.25Q <
3.0 (ASD), ¢/1.25>0.5 (LRFD), or $/1.25> 0.4 (LSD).
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E4.4 Tension

For screws that carry tension, the head of the screw or washer, if a washer is provided,
shall have a diameter dj, or dy, not less than 5/16 in. (7.94 mm). The nominal washer

thickness shall be at least 0.050 in. (1.27 mm) for t; greater than 0.027 in. (0.69 mm) and at least
0.024 in. (0.61 mm) for t; equal to or less than 0.027 in. (0.69 mm).
E4.4.1 Pull-Out Strength [Resistance]
The nominal pull-out strength [resistance], Pnot, shall be calculated as follows:
Phot = 0.85t.d Fyp» (Eq. E4.4.1-1)
E4.4.2 Pull-Over Strength [Resistance]

The nominal pull-over strength [resistance], Pnoy, shall be calculated as follows:

Prov = 1.5t1d'w Fu1 (Eq. E4.4.2-1)
where
d'w = Effective pull-over diameter determined in accordance with (a), (b), or (c) as
follows:

(@) For a round head, a hex head (Figure E4.4.2(1)), pancake screw washer head
(Figure E4.4.2(2)), or hex washer head (Figure E4.4.2(3)) screw with an
independent and solid steel washer beneath the screw head:

dw =dp+2ty +t;<dy (Eq. E4.4.2-2)
where
dp, = Screw head diameter or hex washer head integral washer diameter

Steel washer thickness

= Steel washer diameter

(b) For a round head, a hex head, or hex washer head screw without an independent
washer beneath the screw head:

d'w=dp butnot larger than 1/2 in. (12.7 mm)

(c) For a domed (non-solid and either independent or integral) washer beneath the
screw head (Figure E4.4.2(4)), it shall be permissible to use d'yy as calculated in Eq.
E4.4.2-2, with dy, ty, and t; as defined in Figure E4.4.2(4). In the equation, d'y, can
not exceed 5/8 in. (16 mm).

o
2
I
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Figure E4.4.2 Screw Pull-Over With Washer

E4.4.3 Tension in Screws

The nominal tension strength [resistance] of the screw shall be taken as Pis.

In lieu of the value provided in Section E4, the safety factor or the resistance factor shall
be permitted to be determined in accordance with Section F1 and shall be taken as
1.250Q<3.0 (ASD), $/1.25 2 0.5 (LRFD), or ¢/1.25 > 0.4 (LSD).
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E4.5 Combined Shear and Pull-Over
E4.5.1 ASD Method

For screw connections subjected to a combination of shear and tension forces, the
following requirement shall be met:
Q T - 1.10

+0.71 < Eg. E4.5.1-1
N b o (Eq )

nov
In addition, Q and T shall not exceed the corresponding allowable strength determined by
Sections E4.3 and E4.4, respectively.

where
Q = Required allowable shear strength of connection
T = Required allowable tension strength of connection
Pns = Nominal shear strength of connection
= 2.7t1dFn (Eq. E4.5.1-2)
Pnov = Nominal pull-over strength of connection
= 1.5t1dw Fu1 (Eq. E4.5.1-3)
where
dy = Larger of screw head diameter or washer diameter
Q =235

Eq. E4.5.1-1 shall be valid for connections that meet the following limits:
(1) 0.0285 in. (0.724 mm) < t; < 0.0445 in. (1.130 mm),

(2) No. 12 and No. 14 self-drilling screws with or without washers,
(3) dw <0.751in. (19.1 mm),

(4) Fy1 <70 ksi (483 MPa or 4920 kg/cm?), and

(5) to/t1 =2.5.

For eccentrically loaded connections that produce a non-uniform pull-over force on the
fastener, the nominal pull-over strength shall be taken as 50 percent of Ppqy.

E4.5.2 LRFD and LSD Methods

For screw connections subjected to a combination of shear and tension forces, the
following requirements shall be met:

Q L0711 <1109 (Eq. E4.5.2-1)

ns nov

In addition, Q and T shall not exceed the corresponding design strength [factored
resistance] determined in accordance with Sections E4.3 and E4.4, respectively.

where

Q = Required shear strength [factored shear force] of connection
= Vy for LRFD
= V¢ for LSD

T = Required tension strength [factored tensile force] of connection
= Ty for LRFD

February 2010 This document is copyrighted. Any redistribution is prohibited. 33



S$100-07/S2-10

= T¢ for LSD
Pns = Nominal shear strength [resistance] of connection
= 2.7t1dF 1 (Eq. E4.5.2-2)
Pnov = Nominal pull-over strength [resistance] of connection
= 1.5t1dw Fy1 (Eq. E4.5.2-3)
where
dw = Larger of screw head diameter or washer diameter
¢ = 0.65 (LRFD)
= 0.55 (LSD)

Eq. E4.5.2-1 shall be valid for connections that meet the following limits:
(1) 0.0285 in. (0.724 mm) < t; <0.0445 in. (1.13 mm),

(2) No. 12 and No. 14 self-drilling screws with or without washers,
(3) dw<0.751in. (19.1 mm),

(4) Fy1 <70 ksi (483 MPa or 4920 kg/cm?), and

(®) to/t1 22.5.

For eccentrically loaded connections that produce a non-uniform pull-over force on the
fastener, the nominal pull-over strength [resistance] shall be taken as 50 percent of Pyy.

E5 Rupture

The design criteria of this section shall apply where the thickness of the thinnest connected
part is 3/16 in. (4.76 mm) or less. For connections where the thickness of the thinnest connected
part is greater than 3/16 in. (4.76 mm), the specifications and standards stipulated in Section
E5a of Appendix A or B shall apply. =AB

For connection types utilizing welds or bolts, the nominal rupture strength [resistance], Ry,
shall be the smallest of the values obtained in accordance with Sections E5.1, E5.2, and E5.3, as
applicable. For connection types utilizing screws, the nominal rupture strength [resistance], Ry,
shall be the lesser of the values obtained in accordance with Sections E5.1 and E5.2, as
applicable. The corresponding safety factor and resistance factors given in Table E5-1 shall be
used to determine the allowable strength or design strength [factored resistance] in accordance with

the applicable design method in Section A4, A5 or A6. =B
Table E5-1
Safety Factors and Resistance Factors for Rupture
Connection

Type Q (ASD) ¢ (LRFD) ¢u (LSD)

Welds 2.50 0.60 0.75

Bolts 2.22 0.65 0.75

Screws 3.00 0.50 0.75

E5.1 Shear Rupture

The nominal shear strength [resistance], Vy, shall be calculated in accordance with Eq. E5.1-1.

Vy, = 0.6 Fy Apy

34
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where

Fu = Tensile strength of connected part as specified in Section A2.1 or A2.2

Apy = Net area subject to shear (parallel to force):
For a connection where each individual fastener pulls through the material
towards the limiting edge individually:

Apy =2n tepet (Egq. E5.1-2)
where
n = Number of fasteners on critical cross-section
t = Base steel thickness of section
enet = Clear distance between end of material and edge of fastener hole or
weld.
For a beam-end connection where one or more of the flanges are coped:
Any = (hwe - npdp)t (Eq. E5.1-3)

where
hye = Coped flat web depth

n, = Number of fasteners along failure path being analyzed
dn = Hole diameter
t = Thickness of coped web

E5.2 Tension Rupture

The nominal tensile rupture strength [resistance], Ty, shall be calculated in accordance with Eq.
E5.2-1.

Th = FuAe (Eq. E5.2-1)
where
A = Effective net area subject to tension
= Us] Ust Ant (El] E52—2)
where

Ugl = Shear lag factor determined in Table E5.2-1.
Ut = Staggered connectors factor
1.0 where staggered connectors are not present
0.9 where staggered connectors are present
Ant= Net area subject to tension except as noted in Table E5.2-1 (perpendicular to
force)
= Ag-npdpt + (£s'2/4g)t (Eq. E5.2-3)
where
Ag = Gross area of member

s' = Longitudinal center-to-center spacing of any two consecutive holes
g = Transverse center-to-center spacing between fastener gage lines

np = Number of fasteners along failure path being analyzed

dp = Diameter of a standard hole

t = Base steel thickness of section

Fy = Tensile strength of connected part as specified in Section A2.1 or A2.2
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The variables in Table E5.2-1 shall be defined as follows:

X = Distance from shear plane to centroid of cross section

L = Length of longitudinal weld or length of connection
s = Sheet width divided by number of bolt holes in cross section being analyzed
d = Nominal bolt diameter

Table E5.2-1
Shear Lag Factors for Connections
to Tension Members

Description of Element Shear Lag Factor, Ug

(1) For flat sheet connections not having staggered hole
patterns

(a) For multiple connectors in the line parallel to the | Ug = 1.0
force

(b) For a single connector, or a single row of
connectors perpendicular to the force

(i) For single shear and outside sheets of double | Ug = 3.33d/s<1.0 (Eq. E5.2-4)
shear connections with washers provided
under the bolt head and the nut
(if) For single shear and outside sheets of double | Ug = 2.5d/s<1.0 (Eq. E5.2-5)
shear connections when washers are not
provided or only one washer is provided
under either the bolt head or the nut
(iif) For inside sheets of double shear connections | Ug = 4.15d/s<1.0 (Eq. E5.2-6)
with or without washers
(2) For flat sheet connections having staggered hole Ug = 1.0
patterns
(3) For other than flat sheet connections
(a) When load is transmitted only by transverse Ug = 1.0and
welds Apt = Area of the directly connected
elements

(b) When load is transmitted directly to all the cross- | Ug=1.0
sectional elements

(c) For l;:on}?ections of angle members not meeting (a) Ug = 1.0-1.20 ;/L <09 (Eq. E5.2-7)
or (b) above but Uy shall not be less than 0.4

(d) For cor{)ne%ions of channel members not meeting Ug = 1.0-036 ;(/L <09 (Eq. E5.2-8)
(a) or (b) above but Uy shall not be less than 0.5

E5.3 Block Shear Rupture

The nominal block shear rupture strength [resistance], Ry, shall be determined as the lesser of

the following;:
Rp = 0.6Fy Agy + Ugt Ups Fy Ant (Eq. E5.3-1)
Rp=0.6Fy Apy + Ugt Ups Fy Apt (Eq. E5.3-2)
where

Agy = Gross area subject to shear (parallel to force)
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Apy = Net area subject to shear (parallel to force)
Ant = Net area subject to tension, except as noted in Table E5.2-1 (perpendicular to

force)
Ut = Staggered connectors factor as defined in Section E5.2

Ups = Non-uniform block shear factor

0.5 for coped beam shear conditions with more than one vertical row of
connectors

1.0 for all other cases

Yield stress of connected part as specified in Section A2.1 or A2.2

psl
<
Il

Fy

Tensile strength of connected part as specified in Section A2.1 or A2.2

E6 Connections to Other Materials
E6.1 Bearing

Provisions shall be made to transfer bearing forces from steel components covered by this
Specification to adjacent structural components made of other materials.

E6.2 Tension

The pull-over shear/tension forces in the steel sheet around the head of the fastener shall
be considered, as well as the pull-out force resulting from axial loads and bending moments
transmitted onto the fastener from various adjacent structural components in the assembly.

The nominal tensile strength [resistance] of the fastener and the nominal embedment strength
[resistance] of the adjacent structural component shall be determined by applicable product
code approvals, product specifications, product literature, or combination thereof.

E6.3 Shear

Provisions shall be made to transfer shearing forces from steel components covered by
this Specification to adjacent structural components made of other materials. The required
shear and/or bearing strength [factored force] on the steel components shall not exceed that
allowed by this Specification. The available shear strength [factored resistance] on the fasteners
and other material shall not be exceeded. Embedment requirements shall be met. Provisions
shall also be made for shearing forces in combination with other forces.
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CHANGES AND UPDATES IN CHAPTER F, TESTS FOR SPECIAL CASES
1. On Page 105, change the definition for f, to:

38

Po

Target reliability index

2.5 for structural members and 3.5 for connections for LRFD

1.6 for LRFD and LSD for an interior partition wall stud in a composite
steel-framed interior wall system with sheathing attached to both flanges
and that is limited to a transverse (out-of-plane) nominal load of not more
than 10 Ib/ft2 (0.48 kPa), a superimposed nominal axial load (exclusive of
sheathing materials) of not more than 100 lb/ft (146 kN/m), or a
superimposed nominal axial load of not more than 200 Ibs (0.89 kN).

1.5 for LRFD for beams having tension flange through-fastened to deck or
sheathing and with compression flange laterally unbraced

3.0 for structural members and 4.0 for connections for LSD

3.0 for LSD for beams having tension flange through-fastened to deck or
sheathing and with compression flange laterally unbraced
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CHANGES AND UPDATES IN APPENDIX 1

1.

Change “Al1.1” to “A1.2” on page 1-3 on 8th line in the first paragraph, 5th line in the
second paragraph, and 4th line in the 4th paragraph; on page 1-7 on 5th line; and on page 1-
8 on 7th line in Section 1.2.2.

On page 1-3, replace “geometric and material limitations” with “criteria” on the 4th line
under Section 1.1.1.

Under Section 1.1.1.1, Pre-qualified Columns, add the following as the second paragraph:

“Columns which fall outside of the geometric and material limitations of Table 1.1.1-1
shall be permitted to still use the Q or ¢ of Section 1.2.1 if, through the use of Chapter F of the
main Specification, the predicted ¢ from Chapter F provides an equal or higher ¢ (equal or
higher level of reliability) to that of Section 1.2.1. In the use of Chapter F, the professional
factor, P, shall be the test-to-predicted ratio where the prediction is that of the Direct Strength
Method expressions of Section 1.2.1, Py, is the mean of P and Vp the coefficient of variation of
P. At least three tests shall be conducted. If Vp, is less than or equal to 15 percent, Cp, shall be
permitted to be set to 1.0.”

On page 1-4 of Appendix 1, in Table 1.1.1-1 for Hat Section, change from “b,/t < 20” to
“bo/t < 43”.
Under Section 1.1.1.2, add the following as the second paragraph:

“Beams which fall outside of the geometric and material limitations of Table 1.1.1-2 shall
be permitted to still use the Q or ¢ of Section 1.2.2 if, through the use of Chapter F of the main
Specification, the predicted ¢ from Chapter F provides an equal or higher ¢ (equal or higher
level of reliability) to that of Section 1.2.2. In the use of Chapter F, the professional factor, P,
shall be the test-to-predicted ratio where the prediction is that of the Direct Strength Method
expressions of Section 1.2.2, Py, is the mean of P and Vp the coefficient of variation of P. At

least three tests shall be conducted. If Vp is less than or equal to 15 percent, Cp is permitted
to be set to 1.0.”
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CHANGES AND UPDATES IN APPENDIX A

1. On page A-4, delete reference “AISI S213-07, North American Standard for Cold-Formed
Steel Framing - Lateral Design”

2. Delete Section C2.
3. Delete Section D4a.

4. Replace the sections starting from E2a to the end of Appendix A with the following:

E2a Welded Connections

Welded connections in which the thickness of the thinnest connected part is greater than
3/16 in. (4.76 mm) shall be in accordance with ANSI/ AISC-360.

Except as modified herein, arc welds on steel where at least one of the connected parts is
3/16 in. (4.76 mm) or less in thickness shall be made in accordance with AWS D1.3. Welders
and welding procedures shall be qualified as specified in AWS D1.3. These provisions shall
apply to the welding positions as listed in Table E2a.

Resistance welds shall be made in conformance with the procedures given in AWS C1.1 or
AWS C1.3.

TABLE E2a
Welding Positions Covered
Welding Position
Square Fillet Flare- Flare-V
Groove Arc Spot | Arc Seam | Weld, Lap Bevel Groove
Connection Butt Weld Weld Weld orT Groove Weld
F — F F F F
Sheet 10 H — H H H H
e \% — — \% \% \%
OH — — OH OH OH
— F F F F —
Sheet t.o o o o H H -
Supporting o o o v v L
Member o o o OH OH L

(F = Flat, H = Horizontal, V = Vertical, OH = Overhead)

E3a Bolted Connections

In addition to the design criteria given in Section E3 of the Specification, the following design
requirements shall also be followed for bolted connections used for cold-formed steel structural
members, in which the thickness of the thinnest connected part is 3/16 in. (4.76 mm) or less.
Bolted connections in which the thickness of the thinnest connected part is greater than 3/16 in.
(4.76 mm) shall be in accordance with ANSI/ AISC-360.

The holes for bolts shall not exceed the sizes specified in Table E3a, except that larger holes
are permitted to be used in column base details or structural systems connected to concrete
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walls.

Standard holes shall be used in bolted connections, except that oversized and slotted holes
shall be permitted to be used as approved by the designer. The length of slotted holes shall be
normal to the direction of the shear load. Washers or backup plates shall be installed over
oversized or slotted holes in an outer ply unless suitable performance is demonstrated by tests
in accordance with Chapter F.

TABLE E3a
Maximum Size of Bolt Holes, in inches
Nominal Bolt|  Standard Oversized Hole Short-Slotted Long-Slotted
Diameter, d | Hole Diameter, | Diameter, dy, Hole Hole
in. dp, in. Dimensions Dimensions
in in. in.
<175 d+1/3; d+1/16 | @+1/3)byd+1/g) | @+1/3)by2l/24d)
=1/, d+1/14 d+1/g (d+1/16)by d+1/5) | @+1/16) by 21/24d)
TABLE E3a
Maximum Size of Bolt Holes, in millimeters
Nominal Bolt|  Standard Oversized Hole Short-Slotted Long-Slotted
Diameter, d | Hole Diameter, | Diameter, dj, Hole Hole
mm dp, mm Dimensions Dimensions
mm mm mm
<127 d+0.8 d+1.6 (d +0.8) by (d + 6.4) (d +0.8) by (21/2 d)
>12.7 d+1.6 d+32 (d+1.6) by (d +6.4) (d +1.6) by (21/2 d)

E3.4 Shear and Tension in Bolts

The nominal bolt strength, Py, resulting from shear, tension or a combination of shear and

tension shall be calculated in accordance with this section. The corresponding safety factor and
the resistance factor provided in Table E3.4-1 shall be used to determine the available strengths
in accordance with the applicable method in Section A4 or A5.

Pn= Ap Fp (Eq. E3.4-1)
where
Ayp = Gross cross-sectional area of bolt
Fn = Nominal strength ksi (MPa), is determined in accordance with (a) or (b) as follows:
(@) When bolts are subjected to shear only or tension only
Fj, shall be given by Fy,y or Fyyt in Table E3.4-1.
Corresponding safety and resistance factors, Q and ¢, shall be in accordance with Table
E3.4-1.

The pull-over strength of the connected sheet at the bolt head, nut or washer shall be
considered where bolt tension is involved. See Section E6.2.

(b) When bolts are subjected to a combination of shear and tension, Fy, is given by F'j;
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in Eq. E3.4-2 or E3.4-3 as follows:

For ASD
Ft=13Fy - Qb f, <F (Eq. E3.4-2)
nv
For LRFD
Pl =13F, -0t £ <F (Eq. E3.4-3)
OFrny
where
F'nt = Nominal tensile stress modified to include the effects of required shear
stress, ksi (MPa)
Fnt = Nominal tensile stress from Table E3.4-1
Fnv = Nominal shear stress from Table E3.4-1
fy = Required shear stress, ksi (MPa)
Q = Safety factor for shear from Table E3.4-1
¢ = Resistance factor for shear from Table E3.4-1

In addition, the required shear stress, f,, shall not exceed the allowable shear stress,
Fnyv / Q (ASD) or the design shear stress, ¢Fny (LRFD), of the fastener.
In Table E3.4-1, the shear strength shall apply to bolts in holes as limited by Table E3a.

Washers or back-up plates shall be installed over long-slotted holes, and the capacity of
connections using long-slotted holes shall be determined by load tests in accordance with

Chapter F.
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TABLE E3.4-1
Nominal Tensile and Shear Strengths for Bolts
Tensile Strength Shear Strength
Safety | Resistance | Nominal Safety | Resistance | Nominal
Factor Factor Stress Factor Factor Stress
Q 0 Fnt ksi Q 0 Fpy, ksi

(ASD) | (LRFD) | (Mpa) | (ASD) | (LRFD) | (vpa)
A307 Bolts, Grade A 40.5 24.0
1/4in. (6.4 mm) <d 2.25 0.75 (279) 2.4 0.65 (165)
<1/2in. (12.7 mm)
A307 Bolts, Grade A 2.25 45.0 27.0
d>1/2in (12.7 mm) (310) (186)
A325 bolts, when threads are 90.0 54.0
not excluded from shear planes 2.0 (621) (372)
A325 bolts, when threads are 90.0 72.0
excluded from shear planes (621) (496)
A354 Grade BD Bolts 101.0 59.0
1/41in. (64 mm)<d<1/2in. (696) (407)
(12.7 mm), when threads are not
excluded from shear planes
A354 Grade BD Bolts 101.0 90.0
1/41in. (64 mm)<d<1/2in. (696) (621)
(12.7 mm), when threads are
excluded from shear planes
A449 Bolts 81.0 47.0
1/4in. (64 mm)<d<1/2in. (558) (324)
(12.7 mm), when threads are not
excluded from shear planes
A449 Bolts 81.0 72.0
1/41in. (64 mm)<d<1/2in. (558) (496)
(12.7 mm), when threads are
excluded from shear planes
A490 Bolts, when threads are 112.5 67.5
not excluded from shear planes (776) (465)
A490 Bolts, when threads are 112.5 90.0
excluded from shear planes (776) (621)
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E5a Rupture

Connections in which the thickness of the thinnest part is greater than 3/16 in. (4.76 mm) shall
be in accordance with ANSI/ AISC 360.
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CHANGES AND UPDATES IN APPENDIX B
1. Delete Section C2 and the sub-sections under C2.

2. Replace all the sections starting from E2a to the end of Appendix B with the following:

E2a Welded Connections

Arc welding shall be performed by a fabricator or erector certified in accordance with CSA
W47.1. Resistance welding shall be performed by a fabricator or erector certified in accordance
with CSA W55.3.

Where each connected part is over 4.76 mm in base steel thickness, welding shall conform to
CSA W59. Where at least one of the connected parts is between 0.70 and 4.76 mm in base steel
thickness, welding shall conform to the requirements contained herein and shall be performed
in accordance with the applicable requirements of CSA W59. Except as provided for in Section
E2.2, where at least one of the connected parts is less than 0.70 mm in base steel thickness, welds
shall be considered to have no structural value unless a value is substantiated by appropriate
tests.

The resistance in tension or compression of butt welds shall be the same as that prescribed
for the lower strength of base metal being joined. The butt weld shall fully penetrate the joint.

E2.2a Arc Spot Welds

This section replaces the first paragraph of Section E2.2 but does not pertain to Section
E2.2.2.2 and E2.3.2.2.

Arc spot welds (circular in shape) covered by this Specification are for welding sheet steel
to thicker supporting members in the flat position. The weld is formed by melting through
the steel sheet to fuse with the underlying supporting member, whose thickness at the weld
location shall be at least 2.5 times the steel sheet thickness (aggregate sheet thickness in the
case of multiple plies). The materials to be joined shall be of weldable quality, and the
electrodes to be used shall be suited to the materials, the welding method, and the ambient
conditions during welding.

The following maximum and minimum sheet thicknesses shall apply:
(a) maximum single sheet thickness shall be 2.0 mm;
(b) minimum sheet thickness shall be 0.70 mm; and
(c) maximum aggregate sheet thickness of double sheets shall be 2.5 mm.

E2.3a Arc Seam Welds

The information in Section E2.2a also applies to arc seam welds that are oval in shape.

E3a Bolted Connections

In addition to the design criteria given in Section E3 of the Specification, the following design
requirements shall be followed for bolted connections used for cold-formed steel structural
members in which the thickness of the thinnest connected part is 4.76 mm or less, there are no
gaps between connected parts, and fasteners are installed with sufficient tightness to achieve
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satisfactory performance of the connection under anticipated service conditions. Bolted
connections in which the thickness of the thinnest connected part is greater than 4.76 mm shall be
in accordance with CSA Standard S16.

Unless otherwise specified, circular holes for bolts shall not be greater than the nominal bolt
diameter, d, plus 1 mm for bolt sizes up to 13 mm and plus 2 mm for bolt sizes over 13 mm.

E3.3a Bearing

When the thickness of connected steels is equal to or larger than 4.76 mm, the
requirements of CSA 516 shall be met for connection design.

E3.4 Shear and Tension in Bolts

For ASTM A307 bolts less than 12.7 mm in diameter, refer to Tables E3.4-1 and E3.4-2 of
this Appendix. For all other bolts, refer to CSA S16.

The nominal bolt resistance, Py, resulting from shear, tension, or a combination of shear and
tension shall be calculated as follows:
Pn = ApF, (Eq. E3.4-1)
where
Ayp = Gross cross-sectional area of bolt
Fn = A value determined in accordance with i) and ii) below, as applicable:
i) When bolts are subjected to shear or tension
Fn is given by Fpt or Fpy in Table E3.4-1, as well as the ¢ values.
ii) When bolts are subjected to a combination of shear and tension
Fn is given by F't in Table E3.4-2, as well as the ¢ value.

The pull-over resistance of the connected sheet at the bolt head, nut, or washer shall be
considered where bolt tension is involved. See Section E6.2 of the Specification.

TABLE E3.4-1
Nominal Tensile and Shear Stresses for Bolts
Nominal Resistance Nominal Resistance
Tensile Stress, Factor, ¢ Shear Stress, Factor, ¢
Fht Fhy
Description of Bolts (MPa) (MPa)

A307 Bolts, Grade A

64mm<d<127mm 279 0.65 165 0.55

46 This document is copyrighted. Any redistribution is prohibited. February 2010



Supplement No. 2 to the North American Cold-Formed Steel Specification, 2007 Edition

TABLE E3.4-2
Nominal Tensile Stress for Bolts
Subjected to the Combination of Shear and Tension

Nominal Tensile Resistance Factor,
Stress, F'ht ()
Description of Bolts (MPa)
A307 Bolts, Grade A
When 6.4 mm <d <12.7 mm 324 - 2.4f, <279 0.65

The actual shear stress, fy, shall also satisfy Table E3.4-1 of this Appendix.

E5a Rupture

When the thickness of connected steels is larger than 4.76 mm, the requirements of
CAN/CSA 516 shall be met for connection design.

For connection types utilizing screws, the nominal rupture strength [resistance], Ry, shall be
the lesser of the values obtained in accordance with Sections E5.1, E5.2 and E5.3 as applicable.
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COMMENTARY ON SUPPLEMENT NO. 2
TO THE NORTH AMERICAN SPECIFICATION
FOR THE DESIGN OF COLD-FORMED STEEL

STRUCTURAL MEMBERS, 2007 EDITION

FEBRUARY 2010

CHANGES AND UPDATES IN COMMENTARY ON CHAPTERS A THROUGH F

CHANGES AND UPDATES IN COMMENTARY ON CHAPTER B, ELEMENTS

1. Add Section B2.5, Uniformly Compressed Elements Restrained by Intermittent Connections,

as follows:

B2.5 Uniformly Compressed Elements Restrained by Intermittent Connections

Section D1.3 limits the spacing of connections in compression elements so that the
strength of the section is fully developed before buckling occurs between connections. In
practice this limit is often exceeded. Luttrell and Balaji (1992) and Snow and Easterling (2008)
developed a method to determine the effective width of compression elements when greater
connection spacing exists. The Snow and Easterling method is given in Specification Section
B2.5 and is founded on 82 standard roof deck tests. All test specimens had multiple flutes
and the depth range was between 1 %2 in. (38 mm) and 7 %2 in. (191 mm). As shown in Figures

C-B2.5-1 and C-B2.5-2, all test compression plates had edge stiffeners.

Compression Plate

's f
T =

Figure C-B2.5-2 Built-Up Deck in Bending
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Figure C-B2.5-2 shows the built-up deck section in bending. In Figures C-B2.5-1 and C-
B2.5-2, s and w are the center-to-center connection spacing along and across the compression
plate, respectively; t and t; are the thicknesses of the cover plate and the deck, respectively; f
is the compression stress in the cover plate; f. and f; are the maximum compression and
tension stresses in the deck, respectively; and d is the overall depth of the built-up member.

The full stress potential of the “built-up” section is determined by recognizing the post-
buckling strength of the compression plate after local waves form between connections. The
method models an equivalent composite transformed section and maintains the classical
assumption of linear strain distribution. The critical compression stress, F, is based on
“column-like” buckling in the plate. The connections provide fixed end column restraint and
K = 0.5. When the stress level, f, in compression plate reaches the critical stress, F, the stress
in compression plate will no longer increase, while the stress level in the deck, f., may
continue to increase due to its compactness. An equivalent width is determined to provide
the approximate true force contribution of the buckled plate in bending resistance. This
equivalent width is assumed to have an artificially high stress, f, which is compatible with
both a constant “E” and linear strain distribution across the “built-up” section. The
equivalent transformed section properties cannot be greater than the section calculated using
Specification Section B2.1. The moment of inertia for deflection is determined by substituting
the maximum stress at service load for Fy and the compression stress at service load, fq, for f
in Section B2.5.

Jones (Jones, et al, 1997) validated Luttrell’s method (1992), but the researchers cautioned
its use for single-fluted members having compression plates with edge stiffeners. Luttrell and
Balaji (1992) tested built-up deck with compression plate thickness between 0.045 in. (1.14
mm) and 0.06 in. (1.52 mm). Jones (1997) investigated unstiffened cover plates to .017 inch
thickness. The research work at the University of Missouri-Rolla (UMR) indicated that the
method worked reasonably well for single-fluted members having unstiffened compression
plates when the plate thickness exceeded 0.045 inches.

2. On page 44, add the following paragraphs before Figure C-B5.1-1:
“In 2010, Specification Equation B5.1.1-1 was replaced by
Kijoc= 4(bo/bp)? (C-B5.1-1)
where
kioc= plate buckling coefficient of element
b, = total flat width of stiffened element
b, = sub-element flat width for flange with equally spaced stiffeners
This replacement ensures that Specification Sections B5.1.1 and B5.1.2 provide the same
answer for sub-element local buckling, and replaces the overly conservative estimate of the
2007 edition of the Specification Equation B5.1.1-1, which ignored the stiffener width (Schafer
2009). “

CHANGES AND UPDATES IN COMMENTARY ON CHAPTER C, MEMBERS

“

1. On page 47, on the second to the last line in Section C3.1, replace
strength...” with “...available bending strength...”

...nominal bending
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2. On page 49, replace the paragraph between lines 4 to 9 with the paragraph below:

“Prior to the 2008 edition, the design flexural strength [factored resistance], ¢,My,
employed different ¢y, factors depending on the compression flange. Based on the 1991
edition of the AISI Specification, and Hsiao, Yu and Galambos (1988a), unstiffened
flanges were specified at ¢p= 0.90 and edge-stiffened or stiffened flanges at ¢, = 0.95
(ASD used one Q factor for all cases). Examination of more recently available test data
(Schafer and Trestain, 2002; Yu and Schafer, 2003), and consideration of the fact that the
higher ¢}, existed in part due to inelastic reserve strength, which is already addressed in
Specification Section C3.1.1(b), a uniform ¢p= 0.90 was adopted for all members. This
change also removed a conflict with the ¢p, factors adopted in 2007 for Specification
Section C3.1.4, when the member is fully effective.”

3. Replace Section C3.1.4 as follows:

C3.1.4 Distortional Buckling Strength [Resistance]

Distortional buckling is an instability that may occur in members with edge stiffened
flanges, such as lipped C- and Z-sections. As shown in Figure C-C3.1.4-1, this buckling
mode is characterized by instability of the entire flange, as the flange along with the edge
stiffener rotates about the junction of the compression flange and the web. The length of
the buckling wave in distortional buckling is considerably longer than local buckling, and
noticeably shorter than lateral-torsional buckling. The Specification provisions of Section B4
partially account for distortional buckling, but research has shown that a separate limit
state check is required (Ellifritt, Sputo, and Haynes 1992; Hancock, Rogers, and Schuster
1996, Kavanagh and Ellifritt 1994; Schafer and Pekoz 1999; Hancock 1997; Yu and Schafer
2003 and 2006). Thus, in 2007, Specification Section C3.1.4 was added to address distortional
buckling as a separate limit state.

151 Zssection ( AISI 2002 Ex. I-10) b

|
|
|
! M, =107.53kip-in.
|
|
|
|

> |
|

Local M IM =0.85 Lateral-torsional

= Distortional M /M, =0.77
| Q—/ 7@1 rwl
0 -
Figure C-C3.1.4-1 Rational Elastic Buckling Analysis of a Z-Section Under Restrained Bending

half-wavelength (in. )
Showing Local, Distortional, and Lateral-Torsional Buckling Modes
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C-4

Determination of the nominal strength in distortional buckling (Specification Equation
C3.1.4-2) was validated by testing. Results of one such study (Yu and Schafer 2006) are
shown in Figure C-C3.1.4-2. The Direct Strength Method of Appendix 1 of the Specification
also uses Equation C3.1.4-2. In addition, the Australian/New Zealand Specification
(AS/NZS 4600) has used Equation C3.1.4-2 since 1996. Calibration of the safety and
resistance factors for Equation C3.1.4-2 is provided in the Commentary to Appendix 1.

1.2

— Eqg.C3.1.4-2
O Distortional buckling tests| |

1.1F

0.9+

test/My

0.8

0.7

0.6

0.5

0-4 1 1 1 1 1 1 1 1 1
0 02 04 06 08 1 12 14 16 18 2

(MM, )*°

Figure C-C3.1.4-2 Performance of Distortional Buckling Prediction With Test Data
on Common C- and Z-sections in Bending (Yu and Schafer 2006)

Distortional buckling is unlikely to control the strength if: (a) edge stiffeners are
sufficiently stiff and thus stabilize the flange (as is often the case for C-sections, but
typically not for Z-sections due to the use of sloping lips), (b) unbraced lengths are long
and lateral-torsional buckling strength limits the capacity, or (c) adequate rotational
restraint is provided to the compression flange from attachments (panels, sheathing, etc.).

The primary difficulty in calculating the strength in distortional buckling is to
efficiently estimate the elastic distortional buckling stress, F4. Recognizing the complexity
of this calculation, this Specification section provides two alternatives: C3.1.4(a) provides a
more comprehensive method for C- and Z-section members and any open section with a
single web and single-edge stiffened compression flange, and C3.1.4(b) offers the option to
use rational elastic buckling analysis (e.g., see the Commentary on Appendix 1). In 2010, the
Simplified Provision for Unrestrained C- and Z-Sections With Simple Lip Stiffeners was moved
from the Specification to the Commentary. This provision provides a conservative
approximation to the distortional buckling length, L., and stress, Fq, for C- and Z-sections
with simple lip stiffeners bent about an axis perpendicular to the web. The provision
ignores any rotational restraint, which would restrain distortional buckling. The
expressions were specifically derived as a conservative simplification to those provided in
Specification Sections C3.1.4(a) and (b). For many common sections, the simplified method
may be used to show that distortional buckling of the column will not control the capacity.
Specification provisions C3.1.4(a) or (b), however, should be used to obtain the distortional
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buckling strength [resistance] if distortional buckling controls the design.

Simplified Method for Unrestrained C- and Z-Sections With Simple Lip Stiffeners

For C- and Z-sections that have no rotational restraint of the compression flange and
are within the dimensional limits provided in this section, Equation C-C3.1.4-1 can be used
to calculate a conservative prediction of the distortional buckling stress, Fq. See

Specification Section C3.1.4(a) or C3.1.4(b) for alternative provisions and for members
outside the dimensional limits.

The following dimensional limits should apply:
(1) 50 <hy/t <200,
(2) 25<by/t <100,
(3) 6.25<D/t <50,
(4) 45°<6<90°,
(5) 2<hy/by <8, and
(6) 0.04 <D sinb/b, <0.5
where
h, = Out-to-out web depth as defined in Specification Figure B2.3-2

= Base steel thickness
Out-to-out flange width as defined in Specification Figure B2.3-2

= Out-to-out lip dimension as defined in Specification Figure B4-1
Lip angle as defined in Specification Figure B4-1

cggF -~
|

The distortional buckling stress, F4, can be calculated as follows:

n’E t .
Fq =Bky 12(1—M2)(b0J (C-C3.1.4-1)
where
B = A value accounting for moment gradient, which is permitted to be
conservatively taken as 1.0
= 1.0<1+04(L/Ly )% (1+Mq /M, )7 <13 (C-C3.1.4-2)
where
L = Minimum of L., and L,
where
. 0.6
Ly = 12 h{@j <10h, (C-C3.1.4-3)
o

Ly = Distance between discrete restraints that restrict distortional buckling
(for continuously restrained members L, =Ly)

M and M; = The smaller and the larger end moment, respectively, in the unbraced
segment (L) of the beam; M;/My is negative when the moments cause
reverse curvature and positive when bent in single curvature

. 0.7
bODsmﬁj <80

(0]

kg =05< 0.6[ (C-C3.1.4-4)
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E
T

Modulus of elasticity
Poisson’s ratio

The equations C-C3.1.4-1 to C-C3.1.4-4 assume the compression flange is unrestrained;
however, the methods of C3.1.4(a) and (b) allow for a rotational restraint, k¢, to be included
to account for attachments which restrict flange rotation.

k4 Determination

While it is always conservative to ignore the rotational restraint, k¢, in many cases it
may be beneficial to include this effect. Due to the large variety of possible conditions, no
specific method is provided for determining the rotational restraint. Instead, per Section
A1.2 of the Specification, ky may be estimated by testing or rational engineering analysis.
Test determination of ky may use AISI S901 (AISI 2002). K from this method is a lower
bound estimate of ky. The member lateral deformation may be removed from the
measured lateral deformation to provide a more accurate estimate of k.

Testing on 8 in. and 9.5 in. (203 and 241 mm) deep Z-sections with a thickness between
0.069 in. (1.75 mm) and 0.118 in. (3.00 mm), through-fastened 12 in. (205 mm) o.c., to a
36 in. (914 mm) wide, 1 in. (25.4 mm) and 1.5 in. (38.1 mm) high steel panels, with up to
6 in. (152 mm) of blanket insulation between the panel and the Z-section, results in a kg
between 0.15 to 0.44 kip-in./rad./in. (0.667 to 1.96 kN-mm/rad./mm) (MRI 1981).

Additional testing on C- and Z-sections with pairs of through-fasteners provides
considerably higher rotational stiffness: for 6 and 8 in. (152 and 203 mm) deep C-sections
with a thickness between 0.054 and 0.097 in. (1.27 and 2.46 mm), connected with pairs of
fasteners on each side of a 1.25 in. (31.8 mm) high steel panel flute at 12 in. (305 mm) o.c.,
k¢ is 0.4 kip-in./rad./in. (1.78 kKN-mm/rad./mm); and for 8.5 in. (216 mm) deep Z-sections
with a thickness between 0.070 in. and 0.120 in. (1.78 mm to 3.05 mm), fastened with pairs
of fasteners on each side of 1.25 in. (31.8 mm) high steel panel flute at 12 in. (305 mm) o.c.,
k¢ is 0.8 kip-in./rad./in. (3.56 kKN-mm/rad./mm) (Yu and Schafer 2003, Yu 2005).

Examples of rational engineering analysis to estimate the rotational stiffness are
provided in the Direct Strength Method Design Guide (AISI 2006). For a flexural member, kg
can be approximated as:

ko= EI/(W/2) (C-C3.1.4-5)
where E is the modulus of the attached material, I is the moment of inertia of the
engaged attachment, and W is the member spacing. The primary complication in such a
method is determining how much of the attachment (decking, sheathing, etc.) is engaged
when the flange attempts to deform. For the Z-sections tested in Yu (2005), experimental kg,
is 0.8 kip-in./rad./in. (3.56 kN-mm/rad./mm). Using an estimate of EI/(W/2), the rational
engineering values are kg of 9 kip-in./rad/in. (40.0 kN-mm/rad./mm) if the entire panel,
flutes and all, are engaged; kg of 1.2 kip-in./rad/in. (5.34 kN-mm/rad./mm) if only the
corrugated bottom panel, but not the flutes, is engaged; and k, of 0.003 kip-in./rad./in.
(0.0133 kN-mm/rad./mm) if plate bending of the t = 0.019 in. (0.483 mm) panel occurs. The
observed panel engagement is between the last two estimates, and assuming the
corrugated bottom pan, but not the 1.25 in. (31.8 mm) high flutes is engaged is reasonable.

For members with wood sheathing attached, little experimental information is
available. The problem has been studied numerically using the same paired fastener detail
as in Yu’'s (2005) and Yu and Schafer (2003) tests, but replacing the steel panel with a
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simulated wood member, thickness = 0.5 in. (12.7 mm), E = 1000 ksi (6900 MPa), and p =
0.3. The calculated kg is 5.1 kip-in./rad./in. (22.7 kN-mm/rad./mm) for 6 and 8 in. (152 to
203 mm) deep C-sections with a thickness between 0.054 and 0.097 in. (1.37 and 2.46 mm);
and kg is 4.1 kip-in./rad./in. (18.2 kN-mm/rad./mm) for 8.5 in. (216 mm) deep Z-sections
with thickness between 0.070 and 0.120 in. (1.78 mm and 3.05 mm). From calculations
assuming a fully engaged 1/2 in. (12.7 mm) thick wood sheet on top of C- or Z-section
members spaced 12 in. (305 mm) apart, k,, is predicted to be 1.7 kip-in./rad./in. (7.56 kN-
mm/rad./mm). Thus, use of EI/(W/2) provides a reasonably conservative approximation,
with I calculated assuming the full engagement of wood sheet.

The presence of moment gradient can also increase the distortional buckling moment
(or equivalently stress, Fq). However, this increase is lessened if the moment gradient
occurs over a longer length. Thus, in determining the influence of moment gradient (f), the
ratio of the end moments, M1/Mp, and the ratio of the critical distortional buckling length
to the unbraced length, L/Ly,, should both be accounted for. In 2010, the sign convention
on the ratio of moments M; and Mj was changed to be consistent with moment gradient
expressions for Crp (Specification Equation C3.1.2.1-12) and Cyp (Specification Equation
C5.2.1-8) used elsewhere in the Specification. Specification Equation C3.1.4-7 was revised
accordingly. Yu (2005) performed elastic buckling analysis with shell finite element models
of C- and Z-sections under different moment gradients to examine this problem.
Significant scatter exists in the results; therefore, a lower bound prediction (Specification
Equation C3.1.4-7) for the increase was selected.

(a) For C- and Z-Sections or any Open Section With a Stiffened Compression Flange Extending to

One Side of the Web Where the Stiffener is Either a Simple Lip or a Complex Edge Stiffener

The provisions of Specification Section C3.1.4(a) provide a general method for
calculation of the distortional buckling stress, Fq, for any open section with an edge-
stiffened compression flange, including complex edge stiffeners. The provisions of
Specification Section C3.1.4(a) also provide a more refined answer for any C- and Z-section,
including those meeting the dimensional criteria of the Simplified Provision for Unrestrained
C- and Z-Sections With Simple Lip Stiffeners presented in this section. The expressions
employed here are derived in Schafer and Pek6z (1999) and verified for complex stiffeners
in Schafer et al. (2006). The equations used for the distortional buckling stress, Fq, in
AS/NZS 4600 are also similar to those in Specification Section C3.1.4(a), except that when
the web is very slender and is restrained by the flange, AS/NZS 4600 uses a simpler,
conservative treatment. Since the provided expressions can be complicated, solutions for
the geometric properties of C- and Z-sections based on center line dimensions are provided
in Table C-C3.1.4(a)-1.

(b) Rational Elastic Buckling Analysis

Rational elastic buckling analysis consists of any method following the principles of
mechanics to arrive at an accurate prediction of the elastic distortional buckling stress
(moment). It is important to note that this is a rational elastic buckling analysis and not
simply an arbitrary rational method to determine ultimate strength. A variety of rational
computational and analytical methods can provide the elastic buckling moment with a
high degree of accuracy. Complete details are provided in Section 1.1.2 of the Commentary
to Appendix 1 of the Specification. The safety and resistance factors of this section have been
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shown to apply to a wide variety of cross sections undergoing distortional buckling (via
the methods of Appendix 1). As long as the member falls within the geometric limits of
main Specification Section B1.1, the same safety and resistance factors have been assumed to
apply. Application of the B expression to account for moment gradient, as provided in
Specification Section C3.1.4(a), is a rational extension to solutions which do not typically
account for moment gradient such as the finite strip method.

Table C-C3.1.4(a)-1

Geometric Flange Properties for C- and Z-Sections
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4. On page 65, change the last sentence in the paragraph below Equation C-C3.3-2 to:

“The above equation was found to be conservative for beam webs with adequate shear
stiffeners, for which a diagonal tension field action may be developed. Based on the
studies made by LaBoube and Yu (1978b), Equation C-C3.3-3 was developed for beam
webs with shear stiffeners satisfying the requirements of Specification Section C3.7.3.”

5. Replace Section C4.2 with the following:

C4.2 Distortional Buckling Strength [Resistance]

Distortional buckling is an instability that may occur in members with edge-stiffened
flanges, such as lipped C- and Z-sections. As shown in Figure C-C4.2-1, this buckling mode is
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characterized by instability of the entire flange, as the flange along with the edge stiffener
rotates about the junction of the flange and the web. The length of the buckling wave in
distortional buckling is considerably longer than local buckling, and noticeably shorter than
flexural or flexural-torsional buckling. The Specification provisions of Section B4 partially
account for distortional buckling, but research has shown that a separate limit state check is
required (Schafer 2002). Thus, in 2007, treating distortional buckling as a separate limit state,
Specification Section C3.1.4 was added to address distortional buckling in beams and
Specification Section C4.2 was added to address distortional buckling in columns. Note, as
stated in the Specification, when a member is designed in accordance with Section D6.1.3,
Compression Members Having One Flange Through-Fastened to Deck or Sheathing, the
Section C4.2 Distortional Buckling Strength provisions need not be applied since distortional
buckling is inherently included as a limit state in the Section D6.1.3 strength prediction
equations.

Z-section with lips (AISI 2002 Ex. 10)

P, =45.23kips

Flexural

- 025 -
S
o
0.2F LocalP_/ . Distortional Pcr/Py=0A29
0.15 |
|
0.1
0.05+
L L Ll
10° 10’ 10° 10°

half-wavelength (in.)

Figure C-C4.2-1 Rational Elastic Buckling Analysis of a Z-Section Under Compression
Showing Local, Distortional, and Flexural Buckling Modes

Determination of the nominal strength in distortional buckling (Specification Equation
C4.2-2) was validated by testing. Specification Equation C4.2-2 was originally developed for
the Direct Strength Method of Appendix 1 of the Specification. Calibration of the safety and
resistance factors for Specification Equation C4.2-2 is provided in the Commentary to Appendix
1. In addition, the Australian/New Zealand Specification (AS/NZS 4600) has used an
expression of similar form to Specification Equation C4.2-2, but yielding slightly less
conservative strength predictions than Equation C4.2-2, since 1996.

Distortional buckling is unlikely to control the strength of a column if: (a) the web is
slender and triggers local buckling far in advance of distortional buckling, as is the case for
many common C-sections, (b) edge stiffeners are sufficiently stiff and thus stabilize the flange
(as is often the case for C-sections, but typically not for Z-sections due to the use of sloping lip
stiffeners), (c) unbraced lengths are long and flexural or flexural-torsional buckling strength
limits the capacity, or (d) adequate rotational restraint is provided to the flanges from
attachments (panels, sheathing, etc.).

The primary difficulty in calculating the strength in distortional buckling is to efficiently
estimate the elastic distortional buckling stress, Fq. Recognizing the complexity of this
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calculation, this section of the Specification provides two alternatives: Specification Section
C4.2(a) provides a comprehensive method for C- and Z-section members and any open
section with a single web and flanges of the same dimension, and Section C4.2(b) offers the
option to use rational elastic buckling analysis. See the Appendix 1 Commentary for further
discussion. In 2010, the Simplified Provision for Unrestrained C- and Z-Section With Simple Lip
Stiffeners was moved from the Specification to the Commentary. This simplified provision
provides a conservative approximation to the distortional buckling stress, Fq, for C- and Z-
sections with simple lip stiffeners. The expressions were specifically derived as a conservative
simplification to those provided in Specification Sections C4.2(a) and (b). For many common
sections, the simplified provision may be used to show that distortional buckling of the
column will not control the capacity. Specification provisions C4.2(a) or (b), however, should
be used to obtain the distortional buckling strength [resistance] if distortional buckling
controls the design.

Simplified Method for Unrestrained C- and Z-Sections With Simple Lip Stiffeners

For C- and Z-sections that have no rotational restraint of the flange and that are within
the dimensional limits provided in this section, Equation C-C4.2-1 can be used to calculate a
conservative prediction of distortional buckling stress, Fq. See Specification Section C4.2(a) or
C4.2(b) for alternative provisions and for members outside the dimensional limits.

The following dimensional limits should apply:
(1) 50 <hy/t <200,
(2) 25<by/t <100,
(3) 6.25<D/t<50,
(4) 45°<6<90°,
(5) 2<hy/by <8, and
(6) 0.04 <D sinB/b, <0.5

where
o = Out-to-out web depth as defined in Specification Figure B2.3-2
o = Out-to-out flange width as defined in Specification Figure B2.3-2

= Out-to-out lip dimension as defined in Specification Figure B4-1
Base steel thickness
Lip angle as defined in Specification Figure B4-1

o9 o=
|

The distortional buckling stress, Fq, can be calculated in accordance with Eq. C-C4.2-1:

2 2
Fy—aky “—132£LJ (C-C4.2-1)
12(1-1?) b
where
o = A value that accounts for the benefit of an unbraced length, Ly, shorter than
Ly, but can be conservatively taken as 1.0
= 1.0 for Ly > Ly
= (Lp/Lep Jn(Lm/Ler) for Lin < Ler (C-C4.2-2)
where

Lm = Distance between discrete restraints that restrict distortional buckling
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(for continuously restrained members L, = Lo, but the restraint can be
included as a rotational spring, kg, in accordance with the provisions in
Specification Section C4.2 (a) or (b))

. 0.6
Lo = 1.2 ho[mj <10h, (C-C4.2-3)
1,10
. 1.4
kg = 0.05< 0.1["0]3—3’11‘6)} <80 (C-C4.2-4)
o
E = Modulus of elasticity of steel
p = Poisson’s ratio

Equations C-C4.2-1 to C-C4.2-4 assume the compression flange is unrestrained; however,
the methods of Specification Sections C4.2(a) and (b) allow for a rotational restraint, kg, to be
included to account for attachments which restrict flange rotation. Additional guidance on ky,
is provided in the Commentary Section C3.1.4.

(a) For C- and Z-Sections or Hat Sections or Any Open Section With Stiffened Flanges of Equal
Dimension Where the Stiffener is Either a Simple Lip or a Complex Edge Stiffener

The provisions of Specification Section C4.2(a) provide a general method for calculation
of the distortional buckling stress, Fg, for any open section with equal edge-stiffened
compression flanges, including those with complex edge stiffeners. The provisions of
Specification Section C4.2(a) also provide a more refined answer for any C- and Z-section,
including those meeting the dimensional criteria of the Simplified Provision for Unrestrained
C- and Z-Sections With Simple Lip Stiffeners presented in this Commentary. The expressions
employed here are derived in Schafer (2002) and verified for complex stiffeners in Schafer
et al. (2006). The equations used for the distortional buckling stress, Fg, in AS/NZS 4600
are also similar to those in Specification Section C4.2(a), except that when the web is very
slender and is restrained by the flange, AS/NZS 4600 uses a simpler, conservative
treatment. Since the provided expressions can be complicated, solutions for the geometric
properties of C- and Z-sections based on center line dimensions are provided in Table C-
C3.1.4(a)-1.

(b) Rational Elastic Buckling Analysis

Rational elastic buckling analysis consists of any method following the principles of
mechanics to arrive at an accurate prediction of the elastic distortional buckling stress. It
is important to note that this is a rational elastic buckling analysis and not simply an
arbitrary rational method to determine strength. A variety of rational computational and
analytical methods can provide the elastic buckling moment with a high degree of
accuracy. Complete details are provided in Section 1.1.2 of the Commentary to Appendix
1 of the Specification. The safety and resistance factors of this section have been shown to
apply to a wide variety of cross sections undergoing distortional buckling (via the
methods of Appendix 1). As long as the member falls within the geometric limits of main
Specification Section B1.1, the same safety and resistance factors have been assumed to

apply.
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CHANGES AND UPDATES IN COMMENTARY ON CHAPTER D, STRUCTURAL ASSEMBLIES

AND SYSTEMS

1. On page 101, add the following to the end of the 5th paragraph: “To avoid confusion for
different design methods, the minimum required strength of the inter-connection changed
to 2.5 percent of the available strength of the built-up member.”

2. Add the following two figures to page 104 before item (b):

Q
\

SC
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11
[N

N\~ |

~

Figure C-D3.2.1-1 Rotation of C-Section Beams

Z

Figure C-D3.2.1-2 Two C-Sections Braced at Intervals Against Each Other

3. On page 110, replace

“See Appendix A for commentary on the country-specific standards.

with the following;:

“

=DA

(e) The North American Standard for Cold-Formed Steel Framing — Lateral Design (Lateral Standard)
addresses the design of lateral force-resisting systems to resist wind and seismic forces in a
wide range of buildings constructed with cold-formed steel framing. Use of the Lateral
Standard is mandatory for the design and installation of cold-formed steel light-framed shear
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walls, diagonal strap bracing (that is part of a structural wall) and diaphragms to resist
wind, seismic and other in-plane lateral loads because certain requirements, such as design
requirements specific to shear walls and diaphragms sheathed with wood structural panels,
gypsum board, fiberboard and steel sheet, as well as special seismic requirements for these
and systems using diagonal strap bracing are not adequately addressed by the Specification.

4. On page 112, on the third line of the second paragraph, change “1992” to “1982"” and add
the following footnote to “1982":

1 In 2010, the reference to Department of Army, 1992 edition was reverted back to the 1982 edition due to
errors that are related to deck design found in the 1992 edition.

Also on the first line of page 113, change “1992” to “1982”.

5. Add the following to the end of Section D1.3:

Figure C-D1.3-1 Spacing of Connectors in Composite Section

Specification Section B2.5 extends the limits of this section and uses the post buckling
strength of the edge-stiffened compression plate. Specification Section B2.5 specifies the
parameter ranges that are validated by the research (Luttrell and Balaji, 1992; Snow and
Easterling, 2008).

CHANGES AND UPDATES IN COMMENTARY ON CHAPTER E, CONNECTIONS AND JOINTS
Replace the whole chapter with the following;:

E. CONNECTIONS AND JOINTS

E1 General Provisions

Welds, bolts, screws, rivets, and other special devices such as metal stitching and adhesives
are generally used for cold-formed steel connections (Brockenbrough, 1995). The 2007 edition of
the Specification contains provisions in Chapter E for welded connections, bolted connections,
and screw connections. Among these three commonly used types of connections, the design
provisions for using screws were developed in 1993 and were included in the 1996 AISI
Specification for the first time. The following brief discussions deal with the application of rivets
and other special devices:
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(a) Rivets

While hot rivets have little application in cold-formed steel construction, cold rivets find
considerable use, particularly in special forms, such as blind rivets (for application from one
side only), tubular rivets (to increase bearing area), high shear rivets, and explosive rivets.
For the design of connections using cold rivets, the provisions for bolted connections may be
used as a general guide, except that the shear strength [resistance] of rivets may be quite
different from that of bolts. Additional design information on the strength [resistance] of
rivets should be obtained from manufacturers or from tests.

(b) Special Devices

Special devices include: (1) metal stitching, achieved by tools that are special
developments of the common office stapler, and (2) connecting by means of special
clinching tools that draw the sheets into interlocking projections.

Most of these connections are proprietary devices for which information on strength
[resistance] of connections must be obtained from manufacturers or from tests carried out
by or for the user. Guidelines provided in Specification Chapter F are to be used in these
tests.

The plans or specifications are to contain information and design requirement data for
the adequate detailing of each connection if the connection is not detailed on the
engineering design drawings.

In this edition of the Specification, the ASD, LRFD and LSD design provisions for welded and
bolted connections were based on the 1996 edition of the AISI Specification, with some revisions
and additions which will be discussed in subsequent sections.

E2 Welded Connections

Welds used for cold-formed steel construction may be classified as fusion welds (or arc
welds) and resistance welds. Fusion welding is used for connecting cold-formed steel members
to each other as well as connecting such members to heavy, hot-rolled steel framing (such as
floor panels to beams of the steel frame). It is used in groove welds, arc spot welds, arc seam
welds, fillet welds, and flare-groove welds.

The design provisions contained in this Specification section for fusion welds have been
based primarily on experimental evidence obtained from an extensive test program conducted
at Cornell University. The results of this program are reported by Pekoz and McGuire (1979)
and summarized by Yu (2000). All possible failure modes are covered in the Specification since
1996, whereas the earlier Specification mainly dealt with shear failure.

For most of the connection tests reported by Pekoz and McGuire (1979), the onset of
yielding was either poorly defined or followed closely by failure. Therefore, in the provisions of
this section, rupture rather than yielding is used as a more reliable criterion of failure.

The welded connection tests, which served as the basis of the provisions given in
Specification Sections E2.1 through E2.5, were conducted on sections with single and double
sheets (see Specification Figures E2.2-1 and E2.2-2). The largest total sheet thickness of the cover
plates was approximately 0.15 inch (3.81 mm). However, within this Specification, the validity of
the equations was extended to welded connections in which the thickness of the thinnest
connected part is 3/16 inch (4.76 mm) or less. For arc spot welds, the maximum thickness of a
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single sheet (Specification Figure E2.2.2.1-1) and the combined thickness of double sheets
(Specification Figure E2.2.2.1-2) are set at 0.15 inch (3.81 mm).

In 2001, the safety factors and resistance factors in this section were modified for consistency
based on the research work by Tangorra, Schuster, and LaBoube (2001).

For design tables and example problems on welded connections, see Part IV of the Design
Manual (AISI, 2008).

See Appendix A or B for additional commentary. <=>AB
E2.1 Groove Welds in Butt Joints

The design equations for determining nominal strength [resistance] for groove welds in
butt joints have been taken from the AISC LRFD Specification (AISC, 1993). Therefore, the
AISC definition for the effective throat thickness, te, is equally applicable to this section of the
Specification. Pre-qualified joint details are given in AWS D1.3-98 (AWS, 1998) or other
equivalent weld standards.

In 2010, Specification Section E2.1(a) was revised to delete the case for tension or
compression parallel to the axis of the weld, so that Specification Equation E2.1-1 is applicable
only to tension or compression normal to the effective area of the weld. For tension or

compression parallel to the weld axis, the computation of the weld strength is not required
(AISC, 2005).

E2.2 Arc Spot Welds

Arc spot welds (puddle welds) used for connecting thin sheets are similar to plug welds
used for relatively thicker plates. The difference between plug welds and arc spot welds is
that the former are made with pre-punched holes, but no pre-punched holes are required for
the latter. Instead, a hole is burned in the top sheet by the arc and then filled with weld metal
to fuse it to the bottom sheet or a framing member. The provisions of Section E2.2 apply to
plug welds as well as spot welds.

E2.2.1 Minimum Edge and End Distance

In the 2001 and 2007 editions of the Specification, the distance measured in the line of
force from the center line of weld to the nearest edge of an adjacent weld or to the end of
the connected part toward which the force is directed was required to not be less than epin,

which is equal to required strength (factored force) divided by (Fyt). In 2010, an equivalent
resistance is determined by the use of Section E5.1.
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E2.2.2 Shear

E2.2.2.1 Shear Strength [Resistance] for Sheet(s) Welded to a Thicker Supporting
Member

The Cornell tests (Pekoz and McGuire, 1979) identified four modes of failure for arc
spot welds, which are addressed in this Specification section. They are: (1) shear failure of
welds in the fused area, (2) tearing of the sheet along the contour of the weld with the
tearing spreading the sheet at the leading edge of the weld, (3) sheet tearing combined
with buckling near the trailing edge of the weld, and (4) shearing of the sheet behind
weld. It should be noted that many failures, particularly those of the plate tearing type,
may be preceded or accompanied by considerable inelastic out-of-plane deformation of
the type indicated in Figure C-E2.2.2.1-1. This form of behavior is similar to that
observed in wide, pin-connected plates. Such behavior should be avoided by closer
spacing of welds. When arc spot welds are used to connect two sheets to a framing
member as shown in Specification Figure E2.2.2.1-2, consideration should also be given to
possible shear failure between thin sheets.

Figure C-E2.2.2.1-1 Out of Plane Distortion of Welded Connection

The thickness limitation of 0.15 inch (3.81 mm) is due to the range of the test program
that served as the basis of these provisions. On sheets below 0.028 inch (0.711 mm) thick,
weld washers are required to avoid excessive burning of the sheets and, therefore,
inferior quality welds.

In the AISI 1996 Specification, Equation E2.2-1 was revised to be consistent with the
research report (Pekoz and McGuire, 1979).

In 2001, the equation used for determining d, for multiple sheets was revised to be
(d-t).

E2.2.2.2 Shear Strength [Resistance] for Sheet-to-Sheet Connections

The Steel Deck Institute Diaphragm Design Manual (SDI, 1987) stipulates that the shear
strength for a sheet-to-sheet arc spot weld connection be taken as 75% of the strength of
a sheet-to-structural connection. SDI further stipulates that the sheet-to-structural
connection strength [resistance] be defined by Specification Equation E2.2.2.1-2. This
design provision was adopted by the Specification in 2004. Prior to accepting the SDI
design recommendation, a review of the pertinent research by Luttrell (SDI, 1987) was
performed by LaBoube (LaBoube, 2001). The test data thickness range that is reflected in
the Specification documents the scope of Luttrell’s test program. SDI suggests that sheet-
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to-sheet welds are problematic for thicknesses less than 0.0295 in. (0.75 mm). Such
welds result in “blow holes” but the perimeter must be fused to be effective.

Quality control for sheet-to-sheet connections is not within the purview of AWS
D1.3. However, using AWS D1.3 as a guide, the following quality control/assurance
guidelines are suggested:

(1) Measure the visible diameter of the weld face,
(2) Ensure no cracks in the welds,
3

4

)
) Maximum undercut = 1/8 of the weld circumference, and
) Sheets are to be in contact with each other.

E2.2.3 Tension

For tensile capacity of arc spot welds, the design provisions in the 1989 Addendum
were based on the tests reported by Fung (1978) and the study made by Albrecht (1988).
Those provisions were limited to sheet failure with restrictive limitations on material
properties and sheet thickness. These design criteria were revised in 1996 because the tests
conducted at the University of Missouri-Rolla (LaBoube and Yu, 1991 and 1993) have
shown that two potential limit states may occur. The most common failure mode is that of
sheet tearing around the perimeter of the weld. This failure condition was found to be
influenced by the sheet thickness, the average weld diameter, and the material tensile
strength. In some cases, it was found that tensile failure of the weld can occur. The strength
[resistance] of the weld was determined to be a function of the cross section of the fused
area and tensile strength of the weld material. Based on analysis by LaBoube (LaBoube,
2001), the nominal strength [resistance] equation was changed in 2001 to reflect the
ductility of the sheet, F/ Fy, and the sheet thickness, the average weld diameter, and the
material tensile strength.

The multiple safety factors and resistance factors recognize the behavior of a panel
system with many connections versus the behavior of a member connection and the
potential for a catastrophic failure in each application. In Specification Section E2.2.3, a
target reliability index of 3.0 for the United States and Mexico and 3.5 for Canada is used
for the panel connection limit, whereas a target reliability index of 3.5 for the United States
and Mexico and 4 for Canada is used for the other connection limit. Precedence for the use
of a smaller target reliability index for systems was established in Section D6.2.1 of the
Specification.

Tests (LaBoube and Yu, 1991 and 1993) have also shown that when reinforced by a
weld washer, thin sheet weld connections can achieve the design strength [resistance]
given by Specification Equation E2.2.3-2 using the thickness of the thinner sheet.

The equations given in the Specification were derived from the tests for which the
applied tension load imposed a concentric load on the weld, as would be the case, for
example, for the interior welds on a roof system subjected to wind uplift. Welds on the
perimeter of a roof or floor system would experience an eccentric tensile loading due to
wind uplift. Tests have shown that as much as a 50 percent reduction in nominal
connection strength [resistance] could occur because of the eccentric load application
(LaBoube and Yu, 1991 and 1993). Eccentric conditions may also occur at connection laps
as depicted by Figure C-E2.2.3-1.
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At a lap connection between two deck sections as shown in Figure C-E2.2.3-1, the
length of the unstiffened flange and the extent of the encroachment of the weld into the
unstiffened flange have a measurable influence on the strength [resistance] of the welded
connection (LaBoube and Yu, 1991). The Specification recognizes the reduced capacity of
this connection detail by imposing a 30 percent reduction on the calculated nominal
strength [resistance].

) Interior Weld i
Lap Connection  sybjected to %ng;:aci:rtggetlc()j
/ Concenﬂ Eccentric Load

NSNS NS\

\

AN Beam

Figure C-E2.2.3-1 Interior Weld, Exterior Weld and Lap Connection

E2.2.4 Combined Shear and Tension on an Arc Spot Weld

The Steel Deck Institute Diaphragm Design Manual (2004) provides a design equation for
evaluating the strength of an arc spot weld connection subject to combined shear and
tension forces. An experimental investigation was conducted at the University of
Missouri-Rolla to study the behavior and to develop design recommendations for the
relationship (interaction) of the tension and shear forces on an arc spot weld connection
(Stirnemann, LaBoube, 2007).

The experimental study focused on six variables that were deemed to be the key
parameters that could influence the strength of the arc spot weld connection. These
variables were the sheet thickness; sheet material properties including yield strength,
tensile strength and ductility of the sheet; visible diameter of the arc spot weld; and the
relationship between the magnitude of the shear force and tension force. Based on an
analysis of the test results, the Steel Deck Institute’s interaction equation was found to
provide an acceptable estimate of the strength [resistance] of the arc spot weld connection.

E2.3 Arc Seam Welds

The general behavior of arc seam welds is similar to that of arc spot welds. In 2010,
Section E2.3 has been reorganized to be consistent with provisions provided for arc spot
welds.

E2.3.2 Shear

E2.3.2.1 Shear Strength [Resistance] for Sheet(s) Welded to a Thicker Supporting
Member

No simple shear failures of arc seam welds were observed in the Cornell tests (Pekoz
and McGuire, 1979). Therefore, Specification Equation E2.3.2.1-1, which accounts for
shear failure of welds, is adopted from the AWS welding provisions for sheet steel
(AWS, 1998).

C-18 This document is copyrighted. Any redistribution is prohibited. February 2010



Commentary on Supplement No. 2 to the North American Cold-Formed Steel Specification, 2007 Edition

Specification Equation E2.3.2.1-2 is intended to prevent failure through a combination
of tensile tearing plus shearing of the cover plates.

E2.3.2.2 Shear Strength [Resistance] for Sheet-to-Sheet Connections

In 2010, the provisions for determining the shear strength [resistance] of sheet-to-
sheet arc spot weld connections were adopted for arc seam weld connections. This is
conservative because the length of the seam weld is not considered.

E2.4 Fillet Welds

For fillet welds on the lap joint specimens tested in the Cornell research (Pekoz and
McGuire, 1979), the dimension, w1, of the leg on the sheet edge generally was equal to the
sheet thickness; the other leg, wp, often was two or three times longer than wjp (see
Specification Figure E2.4-1). In connections of this type, the fillet weld throat is commonly
larger than the throat of conventional fillet welds of the same size. Usually, ultimate failure of
fillet-welded joints has been found to occur by the tearing of the plate adjacent to the weld
(see Figure C-E2.4-1).

In most cases, the higher strength of the weld material prevents weld shear failure;
therefore, the provisions of this Specification section are based on sheet tearing. Because
specimens up to 0.15 inch (3.81 mm) thickness were tested in the Cornell research (Pekoz and
McGuire, 1979), the last provision in this section covers the possibility that for sections thicker
than 0.15 inch (3.81 mm), the throat dimension may be less than the thickness of the cover
plate and the tear may occur in the weld rather than in the plate material. Additional research
at the University of Sydney (Zhao and Hancock, 1995) has further indicated that weld throat
failure may even occur between the thickness of 0.10 in. (2.54 mm) to 0.15 in. (3.81 mm).
Accordingly, the Specification was revised in 2001 to require weld strength [resistance] check
when the plate thickness is greater than 0.10 in. (2.54 mm). For high-strength materials with
yield stress of 65 ksi (448 MPa) or higher, research at the University of Sydney (Teh and
Hancock, 2000) has shown that weld throat failure does not occur in materials less than 0.10
in. (2.54 mm) thick and that the AISI Specification provisions based on sheet strength are
satisfactory for high-strength material less than 0.10 in. (2.54 mm) thick. Pre-qualified fillet
welds are given in AWS D1.3-98 (AWS, 1998) or other equivalent weld standards.

SSSSSS

R

a. Transverse Fillet
Sheet Tear Sheet Tear

b. Longitudinal Fillet

Figure C-E2.4-1 Fillet Weld Failure Modes
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E2.5 Flare Groove Welds

The primary mode of failure in cold-formed steel sections welded by flare groove welds,
loaded transversely or longitudinally, was found to be sheet tearing along the contour of the
weld (see Figure C-E2.5-1).

Transverse Sheet Tear Longitudinal Sheet Tear
Figure C-E2.5-1 Flare Groove Weld Failure Modes

Except for Specification Equation E2.5-4, the provisions of this Specification section are
intended to prevent shear tear failure. Specification Equation E2.5-4 covers the possibility that
thicker sections may have effective throats less than the thickness of the channel and weld
failure may become critical.

In 2001, the Specification was revised to require that weld strength be checked when the
plate thickness is greater than 0.10 in. (2.54 mm) based on the research by Zhao and Hancock
(1995).

In 2010, the former Specification Figures E2.5-4 through E2.5-7 were replaced by two new
drawings showing reference dimensions for flare-bevel groove welds and flare V-groove
welds, respectively. Specification Equations E2.5-5 and E2.5-7 were added to more accurately
define the effective throat of these welds. Filled flush throat depths were modified to match
those specified in AWS D1.1-2006 Section 2.3.1.4 and Table 2.1. Welding process designations
in Specification Tables E2.5-1 and E2.5-2 were based on AWS D1.1 Annex K, where SMAW
stands for "shielded metal arc welding", FCAW-S stands for "flux cored arc welding-self
shielded", GMAW stands for "gas metal arc welding", FCAW-G stands for "flux cored arc
welding-gas shielded", and SAW stands for "submerged arc welding". No change was
needed in the Specification requirements from previous editions except in the definitions of
the effective throat for use in Specification Equation E2.5-4.

E2.6 Resistance Welds

The shear values for outside sheets of 0.125 inch (3.18 mm) or less in thickness are based
on “Recommended Practice for Resistance Welding Coated Low-Carbon Steels,” AWS C1.3-
70 (Table 2.1 - Spot Welding Galvanized Low-Carbon Steel). Shear values for outside sheets
thicker than 0.125 inch (3.18 mm) are based upon “Recommended Practices for Resistance
Welding,” AWS C1.1-66 (Table 1.3 - Pulsation Welding Low-Carbon Steel) and apply to
pulsation welding as well as spot welding. They are applicable for all structural grades of
low-carbon steel, uncoated or galvanized with 0.90 oz/ft2 (275 g/m?2) of sheet or less, and are
based on values selected from AWS C1.3-70 (Table 2.1), and AWS C1.1-66 (Table 1.3). These
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values may also be applied to medium carbon and low-alloy steels. Spot welds in such steels
give somewhat higher shear strengths than those upon which these values are based;
however, they may require special welding conditions. In view of the fact that AWS C1.1-66
and AWS C1.3-70 Standards were incorporated in AWS C1.1-2000, resistance welds should be
performed in accordance with AWS C1.1-2000 (AWS, 2000).

In the 2001 edition and this edition of the Specification, a design equation is used to
determine the nominal shear strength [resistance] that replaces the tabulated values given in
the previous specifications. The upper limit of Specification Equations E2.6-1, E2.6-3 and E2.6-5
is selected to best fit the data provided in AWS C1.3-70, Table 2.1 and AWS C1.1-66, Table 1.3.
Shear strength [resistance] values for welds with the thickness of the thinnest outside sheet
greater than 0.180 in. (4.57 mm) have been excluded in Specification Equations E2.6-2, E2.6-4
and E2.6-6 due to the thickness limit set forth in Specification Section E2.

E3 Bolted Connections

The structural behavior of bolted connections in cold-formed steel construction is somewhat
different from that in hot-rolled heavy construction, mainly because of the thinness of the
connected parts. Prior to 1980, the provisions included in the AISI Specification for the design of
bolted connections were developed on the basis of the Cornell tests (Winter, 1956a, 1956b).
These provisions were updated in 1980 to reflect the results of additional research performed in
the United States (Yu, 1982) and to provide better coordination with the specifications of the
Research Council on Structural Connections (RCSC, 1980) and AISC (1978). In 1986, design
provisions for the maximum size of bolt holes and the allowable tension stress for bolts were
added to the AISI Specification (AISI, 1986). In the 1996 edition of the AISI Specification, minor
changes to the safety factors were made for computing the allowable and design tensile and
shear strengths [resistances] of bolts. The allowable tension stress for the bolts subject to the
combination of shear and tension was determined by the equations provided in Specification
Table E3.4-2 with the applicable safety factor.

(a) Scope

Previous studies and practical experiences have indicated that the structural behavior of
bolted connections used for joining relatively thick cold-formed steel members is similar to
that for connecting hot-rolled shapes and built-up members. The AISI Specification criteria
are applicable only to cold-formed steel members or elements 3/16 inch (4.76 mm) or less in
thickness. For materials greater than 3/16 inch (4.76 mm), reference is made to the
specifications or standards stipulated in Section E3a of Appendix A or B.

Because of the lack of appropriate test data and the use of numerous surface conditions,
this Specification does not provide design criteria for slip-critical (also called friction-type)
connections. When such connections are used with cold-formed members where the
thickness of the thinnest connected part is 3/16 inch (4.76 mm) or less, it is recommended
that tests be conducted to confirm their design capacity. The test data should verify that the
specified design capacity for the connection provides sufficient safety against initial slip at
least equal to that implied by the provisions of the specifications or standards listed in
Section E3a of Appendix A or B. In addition, the safety against ultimate capacity should be
at least equal to that implied by this Specification for bearing-type connections.

The Specification provisions apply only when there are no gaps between plies. The
designer should recognize that the connection of a rectangular tubular member by means of
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(b)

(c)

bolt(s) through such members may have less strength [resistance] than if no gap existed.
Structural performance of connections containing unavoidable gaps between plies would
require tests in accordance with Specification Section F1.

Materials

This section lists five different types of fasteners which are normally used for cold-
formed steel construction. In view of the fact that A325 and A490 bolts are available only for
diameters of 1/2 inch (12.7 mm) and larger, A449 and A354 Grade BD bolts should be used
as an equivalent of A325 and A490 bolts, respectively, whenever smaller bolts (less than 1/2
inch (12.7 mm) in diameter) are required.

During recent years, other types of fasteners, with or without special washers, have been
widely used in steel structures using cold-formed steel members. The design of these
fasteners should be determined by tests in accordance with Chapter F of this Specification.

Bolt Installation

Bolted connections in cold-formed steel structures use either mild or high-strength steel
bolts and are designed as a bearing-type connection. Bolt pre-tensioning is not required
because the ultimate strength of a bolted connection is independent of the level of bolt
preload. Installation must ensure that the bolted assembly will not come apart during
service. Experience has shown that bolts installed to a snug tight condition do not loosen or
“back-off” under normal building conditions and are not subject to vibration or fatigue.

Bolts in slip-critical connections, however, must be tightened in a manner which ensures
the development of the fastener tension forces required by the Research Council on
Structural Connections (1985 and 2000) for the particular size and type of bolts. Turn-of-nut
rotations specified by the Research Council on Structural Connections may not be applicable
because such rotations are based on larger grip lengths than are encountered in usual cold-
formed construction. Reduced turn-of-the-nut values would have to be established for the
actual combination of grip and bolt. A similar test program (RCSC, 1985 and 1988) could
establish a cut-off value for calibrated wrenches. Direct tension indicators (ASTM F959),
whose published clamping forces are independent of grip, can be used for tightening slip-
critical connections.

(d) Hole Sizes

Design information for oversized and slotted holes is included in the Appendices
because such holes are often used in practice to meet dimensional tolerances during
erection. —AB

An exception to the provisions for slotted holes is made in the case of slotted holes in
lapped and nested zees. Resistance is provided in this situation partially by the nested
components, rather than direct bolt shear and bearing. An oversize or slotted hole is
required for proper fit-up due to offsets inherent in nested parts. Research (Bryant and
Murray, 2001) has shown that lapped and nested zee members with 1/2 in. (12.7 mm)
diameter bolts without washers and 9/16 in. x 7/8 in. (14.3 mm x 22.2 mm) slotted holes in
the direction of stress can develop the full moment in the lap.

E3.3 Bearing

Previous bolted connection tests have shown that the bearing strength [resistance] of
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bolted connections depends on: (1) the tensile strength F,, of the connected parts, (2) the
thickness of connected parts, (3) the diameter of bolt, (4) joints with single shear and double
shear conditions, (5) the F,/Fy ratio, and (6) the use of washers (Winter, 1956a and 1956b;
Chong and Matlock, 1974; Yu, 1982 and 2000). These design parameters were used in the
1996 and earlier editions of the AISI Specification for determining the bearing strength
[resistance] between bolt and connected parts (AISI, 1996).

In the Canadian Standard (CSA, 1994), the d/t ratio was also used in the design equation
for determining the bearing strength [resistance] of bolted connections.

E3.3.1 Strength [Resistance] Without Consideration of Bolt Hole Deformation

Rogers and Hancock (1998) developed the design equation for bearing of bolted
connections with washers (Specification Table E3.3.1-1). Based on research at the University
of Waterloo (Wallace, Schuster, and LaBoube, 2001a), the Rogers and Hancock equation
was extended to bolted connections without washers and to the inside sheet of double
shear connections with or without washers (Specification Table E3.3.1-2). In Specification
Table E3.3.1-1, the bearing factor C depends on the ratio of bolt diameter to member
thickness, d/t. The design equations in the Specification Section E3.3.1 are based on
available test data. Thus, for sheets thinner than 0.024 in. (0.61 mm), tests must be
performed to determine the structural performance.

The safety factor and resistance factor are based on calibration of available test data
(Wallace, Schuster, and LaBoube, 2001b).

E3.3.2 Strength [Resistance] With Consideration of Bolt Hole Deformation

Based on research at the University of Missouri-Rolla (LaBoube and Yu, 1995), design
equations have been developed that recognize the presence of hole elongation prior to
reaching the limited bearing strength [resistance] of a bolted connection. The researchers
adopted an elongation of 0.25 in. (6.4 mm) as the acceptable deformation limit. This limit is
consistent with the permitted elongation prescribed for hot-rolled steel.

Since the nominal strength [resistance] value with consideration of bolt hole
deformation should not exceed the nominal strength [resistance] without consideration of
the hole deformation, this limit was added in 2004.

E3.4 Shear and Tension in Bolts
The design provisions of this section are given in Section E3.4 of Appendix A or B. In

Appendix A, the Commentary is provided for Section E3.4. —A
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E4 Screw Connections

The results of over 3500 tests worldwide were analyzed to formulate screw connection
provisions (Pekoz, 1990). European Recommendations (1987) and British Standards (1992) were
considered and modified as appropriate. Since the provisions apply to many different screw
connections and fastener details, a greater degree of conservatism is implied than is otherwise
typical within this Specification. These provisions are intended for use when a sufficient number
of test results are not available for the particular application. A higher degree of accuracy can be
obtained by testing any particular connection geometry (AISI, 1992).

Over 450 elemental connection tests and eight diaphragm tests were conducted in which
compressible fiberglass insulation, typical of that used in metal building roof systems (MBMA,
2002), was placed between steel sheet samples in the elemental connection tests and between
the deck and purlin in the diaphragm tests (Lease and Easterling, 2006a, 2006b). The results
indicate that the equations in Section E4 of the Specification are valid for applications that
incorporate 6-3/8 in. (162 mm) or less of compressible fiberglass insulation.

Screw connection tests used to formulate the provisions included single fastener specimens
as well as multiple fastener specimens. However, it is recommended that at least two screws
should be used to connect individual elements. This provides redundancy against under-
torquing, over-torquing, etc., and limits lap shear connection distortion of flat unformed
members such as straps.

Proper installation of screws is important to achieve satisfactory performance. Power tools
with adjustable torque controls and driving depth limitations are usually used.

For the convenience of designers, Table C-E4-1 gives the correlation between the common
number designation and the nominal diameter for screws. See Figure C-E4-1 for the
measurement of nominal diameters.

Table C-E4-1 Nominal Diameter for Screws

Number Nominal Diameter, d
Designation in. mm
0 0.060 1.52
1 0.073 1.85
2 0.086 2.18
3 0.099 2.51
4 0.112 2.84
5 0.125 3.18
6 0.138 3.51
7 0.151 3.84
8 0.164 417
10 0.190 4.83
12 0.216 5.49
1/4 0.250 6.35

? “‘\\\\\ \\\\

Figure C-E4-1 Nominal Diameter for Screws
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E4.1 Minimum Spacing

Minimum spacing is the same as specified for bolts.

E4.2 Minimum Edge and End Distances

In 2001, the minimum edge distance was decreased from 3d to 1.5d.

E4.3 Shear
E4.3.1 Shear Strength [Resistance] Limited by Tilting and Bearing

Screw connections loaded in shear can fail in one mode or in combination of several
modes. These modes are screw shear, edge tearing, tilting and subsequent pull-out of the
screw, and bearing of the joined materials.

Tilting of the screw followed by threads tearing out of the lower sheet reduces the
connection shear capacity from that of the typical connection bearing strength (Figure C-
E4.3-1).

Tilting O
| &8

Pns /

) Spec. Eq. E4.3.1-3
/
/
s
Ve

Ve
/ Spec. Eq. E4.3.1-1

\ 4

t2
Figure C-E4.3-1 Comparison of Tilting and Bearing

These provisions are focused on the tilting and bearing failure modes. Two cases are
given depending on the ratio of thicknesses of the connected members. Normally, the head
of the screw will be in contact with the thinner material as shown in Figure C-E4.3-2.
However, when both members are the same thickness, or when the thicker member is in
contact with the screw head, tilting must also be considered as shown in Figure C-E4.3-3.

It is necessary to determine the lower bearing capacity of the two members based on
the product of their respective thicknesses and tensile strengths.

E4.3.2 Shear in Screws

Shear strength [resistance] of the screw fastener itself should be known and
documented from testing. Screw strength should be established and published by the
manufacturer. In order to prevent the brittle and sudden shear fracture of the screw, the
Specification applies a 25 percent adjustment to the safety factor or the resistance factor
where determined in accordance with Specification Section F1.

February 2010 This document is copyrighted. Any redistribution is prohibited. C-25



S$100-07-C-S2-10-C

E4.4 Tension

Screw connections loaded in tension can fail either by screw pulled out from the plate
(pull-out), material pulled over the screw head and the washer (if a washer is present) (pull-
over), or by tensile fracture of the screw. The serviceability concerns of gross distortion are
not covered by the equations given in Specification Section E4.4.

Diameter and rigidity of the fastener head assembly as well as sheet thickness and tensile
strength have a significant effect on the pull-over failure load of a connection.

There are a variety of washers and head styles in use. Washers must be at least 0.050 inch
(1.27 mm) thick to withstand bending forces with little or no deformation. In 2010, the
minimum washer thickness requirement was relaxed for the washers in connections where t;
does not exceed 0.027 in. (0.69 mm), with the evidence that the washer thickness of as low as
0.024 in. (0.61 mm) does not adversely impact the pull-over strength of the connection for
such top substrate thicknesses (Mujagic 2008).

E4.4.1 Pull-Out Strength [Resistance]

For the limit state of pull-out, Specification Equation E4.4.1-1 was derived on the basis of
the modified European Recommendations and the results of a large number of tests. The
statistic data on pull-out design considerations were presented by Pekoz (1990).

E4.4.2 Pull-Over Strength [Resistance]

For the limit state of pull-over, Specification Equation E4.4.2-1 was derived on the basis
of the modified British Standard and the results of a series of tests as reported by Pekoz
(1990). In 2007, a rational allowance was included to cover the contribution of steel washers
beneath screw heads. For the special case of screws with domed washers (washers that are
not solid or do not seat flatly against the sheet metal in contact with the washer), the
calculated nominal pull-over strength [resistance] should not exceed 1.5t1d'yFy1 with d'y, =
5/8 in. (16 mm). The 5/8 in. (16 mm) limit does not apply to solid steel washers in full
contact with the sheet metal. In accordance with Specification Section E4, testing is allowed
as an alternative method to determine fastener capacity. To use test data in design, the
tested material should be consistent with the design. When a polygon-shaped washer is
used and capacity is determined using Specification Equation E4.4.2-1, the washer should
have rounded corners to prevent premature tearing.

In 2010, the pancake head washer screws and domed washers integral with the screw
head were added and defined to assist the designer in proper determination of
computational variables.

E4.4.3 Tension in Screws

Tensile strength [resistance] of the screw fastener itself should be known and
documented from testing. Screw strength [resistance] should be established and published
by the manufacturer. In order to prevent the brittle and sudden tensile fracture of the
screw, the Specification applies a 25 percent adjustment to the safety factor or the resistance
factor where determined in accordance with Section F1.
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E4.5 Combined Shear and Pull-Over

Research pertaining to the behavior of a screw connection has been conducted at West
Virginia University (Luttrell, 1999). Based on the review and analysis of West Virginia
University’s data for the behavior of a screw connection subject to combined shear and
tension (Zwick and LaBoube, 2002), equations were derived that enable the evaluation of the
strength of a screw connection when subjected to combined shear and tension. The tests
indicated that at failure, the sheet beneath the screw head pulled over the head of the screw
or the washer. Therefore, the nominal tensile strength is based solely on Pjy. Although both
non-linear and linear equations were developed for ease of computation and because the
linear equation provides regions of Q/Pns and T/Ppey equal to unity, the linear equation was
adopted for the Specification. The proposed equation is based on the following test program
limits:

0.0285 in. (0.724 mm) < t; < 0.0445 in. (1.13 mm)

No. 12 and No. 14 self-drilling screws with or without washers

dw <0.75in. (19.1 mm)

62 ksi (427 MPa or 4360 kg/cm?2)< Fyy1 < 70.7 ksi (487 MPa or 4970 kg/cm?2)

th /1225

The limit tp / t; > 2.5 reflects the fact that the test program (Luttrell, 1999) focused on
connections having sheet thicknesses that precluded the tilting limit state from occurring.
Thus, this limit ensures that the design equations will only be used when tilting limit state is
not the control limit state.

The linear form of the equation as adopted by the Specification is similar to the following

more conservative linear design equation that has been used by engineers:
Q/Pps + T/Ppoy <1.0

An eccentric load on a clip connection may create a non-uniform stress distribution
around the fastener. For example, tension tests on roof panel welded connections have
shown that under an eccentrically applied tension force, the resulting connection capacity is
50 percent of the tension capacity under a uniformly applied tension force. Thus, the
Specification stipulates that the pull-over strength [resistance] shall be taken as 50 percent of
Ppov- If the eccentric load is applied by a rigid member such as a clip, the resulting tension
force on the screw may be uniform; thus the force in the screw can be determined by
mechanics, and the capacity of the fastener should be reliably estimated by Ppy. Based on the
field performance of screw attached panels, the 30 percent reduction associated with welds at
side-laps need not be applied when evaluating the strength of side-lap screw connections at
supports or for sheet-to-sheet. The reduction is due to transverse prying or peeling. It is
acceptable to apply the 50 percent reduction at panel ends due to longitudinal prying.

E5 Rupture

The provisions contained in Specification Section E5 and its subsections are applicable only
when the thinnest connected part is 3/16 inch (4.76 mm) or less in thickness. For materials
thicker than 3/16 inch (4.76 mm), the design should follow the specifications or standards
stipulated in Specification Section E5a of Appendix A or B. =B

Significant changes were made to the format of Specification Section E5 in 2010. Connections
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may be subject to shear rupture, tension rupture, block failure in tension, block failure, or any
combinations of these failures in shear depending upon the relationship of the connectors to the
connection geometry and loading direction. Specification Table E5.2-1 provides adjustment
factors consistent with prior editions of the Specification to cover shear lag factors. Other
adjustment factors provide allowances for staggered connector patterns and non-uniform stress
distribution on the tensile plane.

(a) Shear Lag for Flat Sheet Connections

Previous tests showed that for flat sheet connections using a single bolt or a single row
having multiple bolts perpendicular to the force (Chong and Matlock, 1975; Carill, LaBoube and
Yu, 1994), the joint rotation and out-of-plane deformation of flat sheets are excessive. The
strength reduction due to tearing of steel sheets in the net section is considered by Specification
Equations E5.2-4, E5.2-5, and E5.2-6 contained in Table E5.2-1 according to the d/s ratio and the
use of washers (AISI, 1996; Fox and Schuster, 2007). For flat sheet connections using multiple
connectors in the line of force and having less out-of-plane deformations, the strength reduction
is not required in this edition of the Specification (Rogers and Hancock, 1998).

(b) Staggered Holes

The presence of staggered or diagonal hole patterns in a bolted connection has long been
recognized as increasing the net section area for the limit state of rupture in the net section.
LaBoube and Yu (1995) summarized the findings of a limited study of the behavior of bolted
connections having staggered hole patterns. The research showed that when a staggered hole
pattern is present, the width of a rupture plane can be adjusted by use of s'2/4g. The critical
tensile path involving stagger has been reduced by 10 percent. This reduction is justified on the
basis of the research by LaBoube and Yu (1995).

(c) Shear Lag for Other Than Flat Sheet Connections

Shear lag has a debilitating effect on the tensile capacity of a cross section. Based on UMR
research (LaBoube and Yu, 1995), design equations have been developed that can be used to
estimate the influence of the shear lag. The research demonstrated that the shear lag effect
differs for an angle and a channel. For both cross sections, however, the key parameters that
influence shear lag are the distance from the shear plane to the center of gravity of the cross
section and the length of the connection (Figures C-E5-1 and C-E5-2). The research showed that
for cold-formed steel sections using single bolt connections, bearing usually controlled the
nominal strength [resistance], not rupture in the net section.

Figure C-E5-1 x Definition for Sections With Bolted Connections
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Figure C-E5-2 X Definition for Sections With Fillet Welding

(d) Block Shear

Block shear is a limit state in which the resistance is determined by the sum of the shear
strength [resistance] on a failure path(s) parallel to the force and the tensile strength [resistance]
on the segment(s) perpendicular to the force. A comprehensive test program does not exist
regarding block shear for cold-formed steel members. However, a limited study conducted at
the University of Missouri-Rolla indicates that the AISC equations may be applied to cold-
formed steel members.

Block shear is a rupture or tearing phenomenon, not a yielding limit state. However, gross
yielding on the shear plane can occur when tearing on the tensile plane. Specification Equations
E5.3-1 and E5.3-2 check both conditions.

Connection tests conducted by Birkemoe and Gilmor (1978) have shown that on coped
beams, a tearing failure mode as shown in Figure C-E5-5 can occur along the perimeter of the
holes. Hardash and Bjorhovde (1985) have demonstrated these effects for tension members as
illustrated in Figure C-E5-4. The research paper “AISC LRFD Rules for Block Shear in Bolted
Connections - A Review” (Kulak and Grondin, 2001) provides a summary of test data for block
shear rupture strength [resistance].

The distribution of tensile stresses is not always uniform (Ricles and Yura, 1983; Kulak and
Grondin, 2001). For shear forces on coped beams, an additional multiplier, Upg, of 0.5 is used
when more than one row of bolts is present. This approach is consistent with the provisions of
ANSI/AISC 360 (AISC, 2005).

Tests performed at the University at Missouri-Rolla have indicated that the current design
equations for shear and tilting provide a reasonably good estimate of the connection
performance for multiple screws in a pattern (LaBoube and Sokol, 2002).
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Examples of failure paths can be found in Figures C-E5-3 through C-E5-7.
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Figure C-E5-3 Potential Failure Paths of Single Lap Joint

(Tension Failure)
Failure Path 1,2, 3,4
Specification Section E5.2 applies
Ae = UslUstAnt
Ug in accordance with Specification Equations E5.2-4, E5.2-5, or E5.2-6
Us=1.0
Ane=(wg-h)t

(Shear Failure)
Failure Path 5,2,3,6
Specification Section E5.1 applies
Anv=2n(e-1/2h) t
n =1 as there is only a single fastener

" 50" h| ——» f h=hole diameter

Figure C-E5-4 Potential Failure Paths of Stiffened Channel (Block Shear)

Failure Path 3,2,4,5,6,7,8
Specification Section E5.3 applies
Agy = 2et

Any=2(e-1/2h) t
An=4(g+s2/4g-h)t

Us=09

Ups=1.0
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Figure C-E5-5 Potential Failure Path of Coped Stiffened Channel (Block Shear)

FailurePath1,2,3,4,5,6
Specification Section E5.3 applies
Ag=(Q2g+e)t
Any = Agy - 2.5ht
An=[(s +e2)-1.5h]t
Us=1.0
Ups =0.5

il
02
os

 —

e Y hi(:)4 pd

05 h=hole diameter
3

-t

T E 1 e

Figure C-E5-6 Potential Failure Path of Multiple Fastener Lap Joint (Tension)

Failure Path1,2,3,4,5,6
Specification Section E5.2 applies
Ae = UslUstAnt
Ug in accordance with Specification Eq. E5.2-4, E5.2-5, or E5.2-6
Us=1.0
An = (wg-4h)t
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Figure C-E5-7 Potential Failure Path of Fillet Welded Joint

Specification Section E5.2 applies
Ua=1.0-120x/e1<0.9 (Specification Eq. E5.2-7)
Us=1.0

E6 Connections to Other Materials

E6.1 Bearing

The design provisions for the nominal bearing strength [resistance] on the other materials

should be derived from appropriate material specifications.

E6.2 Tension

This section is included in the Specification to raise the awareness of the design engineer

regarding tension on fasteners and the connected parts.

E6.3 Shear

This section is included in the Specification to raise the awareness of the design engineer
regarding the transfer of shear forces from steel components to adjacent components of other

materials.
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CHANGES AND UPDATES IN COMMENTARY ON CHAPTER F, TESTS FOR SPECIAL CASES
1. Replace Section F1.1 as follows:

F1.1 Load and Resistance Factor Design and Limit States Design

The determination of load-carrying capacity of the tested elements, assemblies,
connections, or members is based on the same procedures used to calibrate the LRFD design
criteria, for which the ¢ factor can be computed from Equation C-A5.1.1-15. The correction
factor Cp is used in Specification Equation F1.1-2 for determining the ¢ factor to account for
the influence due to a small number of tests (Pekoz and Hall, 1988b and Tsai, 1992). It should
be noted that when the number of tests is large enough, the effect of the correction factor is
negligible. In the 1996 edition of the AISI Specification, Equation F1.1-3 was revised because
the old formula for Cp could be unconservative for combinations of a high Vp and a small
sample size (Tsai, 1992). This revision enables the reduction of the minimum number of tests
from four to three identical specimens. Consequently, the + 10 percent deviation limit was
relaxed to + 15 percent. The use of Cp with a minimum Vp reduces the need for this
restriction. In Specification Equation F1.1-3, a numerical value of Cp = 5.7 was found for n =3
by comparison with a two-parameter method developed by Tsai (1992). It is based on the
given value of Vg and other statistics listed in Specification Table F1, assuming that Vp will be
no larger than 0.20. The requirements of Specification Section F1.1(a) for n = 3 help to ensure
this.

The 6.5 percent minimum value of Vp, when used in Specification Equation F1.1-2 for the
case of three tests, produces safety factors similar to those of the 1986 edition of the AISI ASD
Specification, i.e. approximately 2.0 for members and 2.5 for connections. The LRFD
calibration reported by Hsiao, Yu and Galambos (1988a) indicates that Vp is almost always
greater than 0.065 for common cold-formed steel components, and can sometimes reach
values of 0.20 or more. The minimum value for Vp helps to prevent potential unconservatism

compared to values of Vp implied in LRFD design criteria.

In evaluating the coefficient of variation Vp from test data, care must be taken to use the
coefficient of variation for a sample. This can be calculated as follows:

Vp = — C-F1.1-1
Rm
where
s2 = sample variance of all test results
n
= Lz (R; -Rp, )? C-F1.1-2
n-15

Ry, = mean of all test results
Rj
Alternatively, Vp can be calculated as the sample standard deviation of n ratios Ri/Rp,.

test result i of n total results

In 2010, Specification Section F1.1 was modified to recognize that the behavior and
probability of failure for a composite interior partition wall stud differs from the direct load
bearing system. A composite interior wall stud is a stud in an interior application with full-
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height gypsum sheathing that is screw attached to both flanges and supports no axial load
other than self-weight. The maximum permitted nominal lateral loads for composite design
are stipulated in Specification Section F1.1. There is typically no dead load perpendicular to
the wall. In the United States, these lateral loads are defined as live loads, thus, for LRFD the
applicable load combination is 1.6L.

Traditional ASD practice for composite interior partition wall studs has employed an Q =
1.5. For acceptable levels of variability (i.e., reasonably low V}) this corresponds to a $,=1.6
(for LRFD and LSD with My, = 1.10, Vi, = 0.10, F, = 1.00 and Vg = 0.05). Note, for these lower
levels of reliability, ¢ calculated per Specification Equation F1.1-2 may be greater than 1.0. A ¢
greater than 1.0 (just like a ¢ less than 1.0) simply reflects the necessary change in the nominal
strength such that the target reliability is achieved.

Calibration of B, to past practice reflects that for composite interior partition wall studs,
as defined in Specification F1.1, the consequences of failure are less severe than for other
structural members. In addition, the B, of Specification Section F1.1 is calculated for a 50-year
return period. Based on occupancy statistics, average tenancy is eight years (Galambos and
Ellingwood 1986). The traditional 50-year 3, may be converted to an eight-year time period
via Equation C-F1.1-3:

Bgyr = -0~1 [O(-Bo) (8/50)] C-F11-3

where @ is the cumulative distribution function (CDF) of the standard normal

distribution. For B, = 1.6 using Equation C-F1.1-3, Bgyr = 2.4, which provides a more accurate
assessment of the reliability of the wall over its expected service life.

These provisions only apply to the case of determining the strength of composite interior
partition wall studs as defined in Specification Section F1.1 through tests. Where an all-steel
design is used, the provisions of Specification Section D4 apply.

For beams having tension flange through-fastened to deck or sheathing and with
compression flange laterally unbraced (subject to wind uplift), the calibration is based on a
load combination of 1.17W-0.9D with D/W = 0.1 (see Section D6.1.1 of this Commentary for
detailed discussion).

The statistical data needed for the determination of the resistance factor are listed in
Specification Table F1. The data listed for screw connections were added in 1996 on the basis
of the study of bolted connections reported by Rang, Galambos, and Yu (1979b). The same
statistical data of My, V\m, Fm, and Vg have been used by Pekoz in the development of the
design criteria for screw connections (Pekoz, 1990).

In 1999, two entries were added to Table F1, one for “Structural Members Not Listed
Above” and the other for “Connections Not Listed Above”. It was considered necessary to
include these values for members and connections not covered by one of the existing
classifications. The statistical values were taken as the most conservative values in the
existing table.

In 2004, the statistic data V) for screw-bearing strength was revised from 0.10 to 0.08.
This revision is based on the tensile strength statistic data provided in the UMR research
report (Rang, Galambos, and Yu, 1979b). In addition, V¢ was revised from 0.10 to 0.05 to
reflect the tolerance of the cross-sectional area of the screw.

In 2007, additional entries were made to Table F1 to provide statistical data for all limit
states included within the Specification for the standard connection types. The entry
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“Connections Not Listed Above” is intended to provide statistical data for connections other
than welded, bolted, or screwed.

Also in 2007, the Specification more clearly defined the appropriate material properties
that are to be used when evaluating test results by specifying that supplier-provided
properties are not to be used.

The Specification provides methods for determining the deflection of some members for

serviceability consideration, but the Specification does not provide serviceability limits.
Justification is discussed in Section A8 of the Commentary.
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CHANGES AND UPDATES IN COMMENTARY ON APPENDIX 1

1. On pages 1-4, replace the last paragraph with the following:

“It is intended that as more cross sections are verified for use in the Direct Strength
Method, these tables and sections will be augmented. Companies with proprietary sections
may wish to perform their own testing and follow Chapter F of the main Specification to
justify the use of the pre-qualified Q and ¢ factors for a particular cross-section. When such
testing is performed, the provisions of Specification Section 1.1.1.1 provide some relief from
the sample size correction factor, Cp, of Specification Chapter F. Based on the existing data, the
largest observed Vp for the pre-qualified categories is 15 percent (Schafer 2006, 2008).
Therefore, as long as the tested section, over at least three tests, exhibits a Vp < 15 percent,
then the section is assumed to be similar to the much larger database of tested sections used
to calibrate the Direct Strength Method, and the correction for small sample sizes Cp is not

required and therefore is set to 1.0. If the ¢ generated from Specification Chapter F is higher
than that of Section 1.2.1 of Appendix 1, this is evidence that the section behaves as a pre-
qualified section. It is not anticipated that member testing is necessarily required for all
relevant limit states: local, distortional and global buckling. An engineer may only require
testing to reflect a single common condition for the member, with a minimum of three tests in
that condition. However, beams and columns should be treated as separate entities. A
manufacturer who cannot establish a common condition for a product may choose to
perform testing in each of the limit states to ensure reliable performance in any condition.
Engineering judgment is required. Note that for the purposes of this section, the test results
in Specification Chapter F are replaced by test to predicted ratios. The prediction is that of the
Direct Strength Method (this Appendix) using the actual material and cross-sectional
properties from the tests. The Py, parameter, taken as equal to one in Specification Chapter F,
is taken instead as the mean of the test-to-predicted ratios, and Vp is the accompanying
coefficient of variation. Alternatively, member geometries that are not pre-qualified may still
use the method of Appendix 1, but with the increased Q2 and reduced ¢ factors consistent
with any rational analysis method as prescribed in A1.2 of the main Specification.”

2. On pages 1-4, insert the following as the second paragraph in Section 1.1.1.2:

“For beams that do not meet the material and geometric requirements defined by the pre-
qualified categories, similar to column design, provisions are provided to potentially permit
those members to use the Q and ¢ factors of the pre-qualified members by using Specification
Chapter F as discussed in detail in Commentary Section 1.1.1.1 above. *
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CHANGES AND UPDATES IN COMMENTARY ON APPENDIX A
1. Delete Section C2.

2. Delete Section DA4.

3. Replace all the sections starting from E2a with the following;:

E2a Welded Connections

The upper limit of the Specification applicability was revised in 2004 from 0.18 in. (4.57 mm)
to 3/16 in. (4.76 mm). This change was made to be consistent with the limit given in the AWS
D1.3 (1998).

The design provisions for welded connections were developed based primarily on
experimental evidence obtained from an extensive test program conducted at Cornell
University. In addition, the Cornell research provided the experimental basis for the AWS
Structural Welding Code for Sheet Steel (AWS, 1998). In most cases, the provisions of the AWS
code are in agreement with this Specification section.

The terms used in this Specification section agree with the standard nomenclature given in
the AWS Welding Structural Code for Sheet Steel (AWS, 1998).

For welded material thicknesses greater than 3/16 in. (4.76 mm), AISC Specification (2005)
should be followed.

E3a Bolted Connections

In Table E3a of Appendix A, the maximum size of holes for bolts having diameters not less
than 1/2 inch (12.7 mm) is based on the specifications of the Research Council on Structural
Connections and the American Institute of Steel Construction (RCSC, 2000 and 2004; AISC,
1989, 1999, and 2005), except that for the oversized hole diameter, a slightly larger hole diameter
is permitted.

For bolts having diameters less than 1/2 inch (12.7 mm), the diameter of a standard hole is
the diameter of bolt plus 1/32 inch (0.794 mm). This maximum size of bolt holes is based on
previous editions of the AISI Specification.

When using oversized holes, care must be exercised by the designer to ensure that excessive
deformation due to slip will not occur at working loads. Excessive deformations which can
occur in the direction of the slots may be prevented by requiring bolt pretensioning.

Short-slotted holes are usually treated in the same manner as oversized holes. Washers or
backup plates should be used over oversized or short-slotted holes in an outer ply unless
suitable performance is demonstrated by tests. For connections using long-slotted holes,
Specification Section E3 requires that the washers or back-up plates be used and that the shear
capacity of bolts be determined by tests because a reduction in strength may be encountered.

E3.4 Shear and Tension in Bolts

For the design of bolted connections, the allowable shear stresses for bolts have been
provided in the AISI Specification for cold-formed steel design since 1956. However, the
allowable tension stresses were not provided in Specification Section E3.4 for bolts subjected to
tension until 1986. In Specification Table E3.4-1, the allowable stresses specified for A307 (d >

C-38 This document is copyrighted. Any redistribution is prohibited. February 2010



Commentary on Supplement No. 2 to the North American Cold-Formed Steel Specification, 2007 Edition

1/2 inch (12.7 mm)), A325, and A490 bolts were based on Section 1.5.2.1 of the AISC
Specification (1978). It should be noted that the same values were also used in Table ]3.2 of
the AISC ASD Specification (1989). For A307, A449, and A354 bolts with diameters less than
1/2-inch (12.7 mm), the allowable tension stresses were reduced by 10 percent, as compared
with these bolts having diameters not less than 1/2 inch (12.7 mm), because the average ratio
of (tensile-stress area)/(gross-area) for 1/4-inch (6.35 mm) and 3/8-inch (9.53 mm) diameter
bolts is 0.68, which is about 10 percent less than the average area ratio of 0.75 for 1/2-inch
(12.7 mm) and 1-inch (25.4 mm) diameter bolts. In the AISI ASD/LRFD Specification (1996),
Table E3.4-1 provided nominal tensile strengths for various types of bolts with applicable
safety factors. The allowable tension stresses computed from Fp;/Q were approximately the
same as those permitted by the AISI 1986 ASD Specification. The same table also gave the
resistance factor to be used for the LRFD method.

The design provisions for bolts subjected to a combination of shear and tension were
added in AISI Specification Section E3.4 in 1986. Those design equations were based on
Section 1.6.3 of the AISC Specification (AISC, 1978) for the design of bolts used for bearing-
type connections.

In 1996, tables which listed the equations for determining the reduced nominal tension
stress, F'pyt, for bolts subjected to the combination of shear and tension were included in the
Specification and were retained in the 2001 edition. In 2007, those tables were replaced by
Specification Equations E3.4-2 and E3.4-3 to determine the reduced tension stress of bolts
subjected to the combined tension and shear. Specification Equations E3.4-2 and E3.4-3 were
adopted to be consistent with the AISC Specification (AISC, 2005).

Note that when the required stress, f, in either shear or tension, is less than or equal to 20
per cent of the corresponding available stress, the effects of combined stress need not be
investigated.

For bolted connection design, the possibility of pull-over of the connected sheet at the bolt
head, nut, or washer should also be considered when bolt tension is involved, especially for
thin sheathing material. For unsymmetrical sections, such as C- and Z-sections used as
purlins or girts, the problem is more severe because of the prying action resulting from
rotation of the member which occurs as a consequence of loading normal to the sheathing.
The designer should refer to applicable product code approvals, product specifications, other
literature, or tests.

For design tables and example problems on bolted connections, see Part IV of the Design
Manual (AISI, 2008).
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CHANGES AND UPDATES IN COMMENTARY ON APPENDIX B

1. Replace Section E2a with the following;:

E2a Welded Connections

The section has been revised and expanded and replaces Clause 7.2 of CSA Standard S136-
94. See Commentary for detailed information. Both fabricators and erectors must be certified
under CSA Standard W47.1 for arc welding and CSA Standard W55.3 for resistance welding.
This provision extends the certification requirements to the welding of cold-formed members or
components to other construction, e.g., welding steel deck to structural steel framing.

E3 Bolted Connections
E3.3 Bearing

Improvements have been made to this section in comparison to Clause 7.3.5.1 of CSA
Standard S136-94. Section E3.3.2 has been added, giving consideration to bolt hole
deformation. See Commentary for detailed information.

E5a Rupture

As can be observed in Table E5-1, there is a difference in resistance factors between LSD and
LRFD. In Canada, rupture has been traditionally assumed to be a member type failure and not a
connection type. Therefore, the resistance factor in Table E5-1 is the same regardless of the type
of connector and is consistent with rupture of the net section provisions in Section C2.2. In the
USA and Mexico, rupture in Table E5-1 is treated as a connection type of failure with the
resulting lower resistance factors.
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