
 Appendix F.1-1 

!""#$%&'()*+(),-(.//#%&01#(2,$3&%#-01&,$4(5#6(2,//#$10-7(80$9:09#(

;<*=( >$&?,-/@7(2,/"-#33#%(A@#/#$13(6&1B(0$(A%9#(C1&??#$#-!

!"#$%&$#'()**$"$+#)'#,'$%#(-#.+-/)%$#0#1-"()",-,'#',..-+(#02-"&#0#2-"&)(,%)"02#
$%&$#-*#(3$#1-4.+$'')-"#*20"&$#(-#)4.+-/$#(3$#5,162)"&#'(+$''7#8/$"#(3-,&3#)"#4-'(#
10'$'9#(3$#$%&$#'()**$"$+#(06$'#(3$#*-+4#-*#0#')4.2$#2).9#-(3$+#(:.$'#-*#$%&$#'()**$"$+'#
10"#02'-#5$#,'$%#*-+#1-2%;*-+4$%#'($$2#4$45$+'7#

<"# -+%$+# (-# .+-/)%$# "$1$''0+:# ',..-+(# *-+# (3$# 1-4.+$'')-"# $2$4$"(9# (3$# $%&$#
'()**$"$+#4,'(# .-''$''# ',**)1)$"(# +)&)%)(:7#=(3$+>)'$# )(#40:#5,162$# .$+.$"%)1,20+# (-#
(3$#.20"$#-*#(3$#$2$4$"(#(-#5$#'()**$"$%7#?3)'#4-%$#-*#5,162)"&#*)+'(#($+4$%#@'()**$"$+#
5,162)"&A#5:#B$'4-"%9#C$6-D#0"%#E)"($+#FGHIG0J#30'#1-4$#(-#5$#($+4$%#%)'(-+()-"02#
5,162)"&7#

K-(3#(3$-+$()102#0"%#$L.$+)4$"(02#'(,%)$'#-"#(3$#2-102#0"%#%)'(-+()-"02#'(05)2)(:#
-*#1-4.+$'')-"#*20"&$'#'()**$"$%#5:#$%&$#'()**$"$+'#30/$#5$$"#10++)$%#-,(#)"#(3$#.0'(7#
?3$# %$')&"# +$M,)+$4$"('# )"12,%$%# )"# N$1()-"# KO7P# -*# (3$# GHIQ# !<N<# !"#$%&%$'(%)*#
>$+$# 50'$%# -"# (3$# )"/$'()&0()-"'# -"# 0%$M,0($2:# '()**$"$%# 0"%# .0+()022:# '()**$"$%#
$2$4$"('#1-"%,1($%#5:#B$'4-"%9#C$6-D#0"%#E)"($+#FGHIG0J9#>)(3#0%%)()-"02#+$'$0+13#
>-+6#-*#C$6-D#0"%#R-3$"#FC$6-D9#GHIQ5J7#?3$'$#%$')&"#.+-/)')-"'#>$+$#%$/$2-.$%#
-"#(3$#50')'#-*#(3$#1+)()102#5,162)"&#1+)($+)-"#0"%#(3$#.-'(5,162)"&#'(+$"&(3#1+)($+)-"7#

N.$1)*)10()-"# N$1()-"# KO7P# +$1-&")D$'# (30(# (3$# "$1$''0+:# '()**$"$+# +)&)%)(:#
%$.$"%'#,.-"#(3$#'2$"%$+"$''#F>S(J#-*#(3$#.20($#$2$4$"(#5$)"&#'()**$"$%7#?3,'9#R0'$'#
<9# <<# 0"%# <<<# $013#1-"(0)"'#%)**$+$"(#%$*)")()-"'# *-+#0"#0%$M,0($# '()**$"$+#4-4$"(#-*#
)"$+()07#

?3$#)"($+01()-"#-*#(3$#.20($#$2$4$"('9#0'#>$22#0'#(3$#%$&+$$#-*#$%&$#',..-+(9#*,22#
-+#.0+()029#)'#1-4.$"'0($%#*-+#)"#(3$#$L.+$'')-"'#*-+#69#%'9#0"%#!'#FC$6-D9#GHIQ5J7#<"#

(3$# GHHQ# $%)()-"# -*# (3$# !<N<# !"#$%&%$'(%)*# F!<N<9# GHHQJ9# (3$# %$')&"# $M,0()-"'# *-+#
5,162)"&#1-$**)1)$"(#>$+$#130"&$%#*-+#*,+(3$+#120+)(:7#<"#R0'$#<<9#(3$#$M,0()-"#*-+#60#T#

U7PU;U#FBS>J#v#O7V#)'#0..2)1052$#-"2:#*-+#')4.2$#2).#'()**$"$+'#5$10,'$#(3$#($+4#BS>#)'#
4$0")"&2$''#*-+#-(3$+#(:.$'#-*#$%&$#'()**$"$+'7#<(#'3-,2%#5$#"-($%#(30(#(3$#.+-/)')-"'#
)"# (3)'# '$1()-"# >$+$# 50'$%# -"# +$'$0+13# %$02)"&# -"2:# >)(3# ')4.2$# 2).# '()**$"$+'# 0"%#
$L($"')-"#(-#-(3$+#(:.$'#-*#'()**$"$+'#>0'#.,+$2:#)"(,)()/$7#?3$#+$M,)+$4$"(#-*#GOVW>#
θ#># OVW# *-+# (3$# 0..2)105)2)(:# -*# (3$'$# .+-/)')-"'# >0'# 02'-# %$1)%$%# -"# 0"# )"(,)()/$#
50')'7#X-+#%$')&"#$L04.2$'9#'$$#C0+(#<#-*#(3$#+'*,'-#F!<N<9#GHHQJ7#

?$'(#%0(0#-"#*2$L,+02#4$45$+'#(-#/$+)*:#(3$#011,+01:#-*#(3$#')4.2$#2).#'()**$"$+#
%$')&"#>0'#1-22$1($%#*+-4#0#",45$+#-*#'-,+1$'9#5-(3#,")/$+')(:#0"%#)"%,'(+:7#?3$'$#
($'('# '3->$%# &--%# 1-++$20()-"# >)(3# (3$# $M,0()-"'# )"# N$1()-"# KO7P7# Y->$/$+9#
.+-.+)$(0+:# ($'()"&# 1-"%,1($%# )"# GHIH# +$/$02$%# (30(# 2).# 2$"&(3'# >)(3# 0# %S(# +0()-# -*#
&+$0($+#(30"#GO#&0/$#,"1-"'$+/0()/$#+$',2('7#

!# +$/)$># -*# (3$# -+)&)"02# +$'$0+13# %0(0# '3->$%# 0# 2016# -*# %0(0# *-+# ')4.2$#
'()**$")"&#2).'#>)(3#%S(#+0()-'#&+$0($+#(30"#GO7#?3$+$*-+$9#.$"%)"&#*,+(3$+#+$'$0+139#0"#
,..$+#2)4)(#-*#GO#)'#+$1-44$"%$%7#

?$'(#%0(0#-"#1-4.+$'')-"#4$45$+'#02'-#'3->$%#&--%#-/$+022#1-++$20()-"#>)(3#
(3$#$M,0()-"'#)"#N$1()-"#KO7P#FN130*$+#PVVVJ7#Y->$/$+9#1-4.+$'')-"#4$45$+'#>)(3#
3)&3# >$5# '2$"%$+"$''# F0..+-L)40($2:# 3S(# Z# PVVJ# 0"%S-+# "0++-># *20"&$'#
F0..+-L)40($2:#3S5#Z#PJ#40:#:)$2%#,"1-"'$+/0()/$#'-2,()-"'#>)(3#1,++$"(#4$(3-%'#%,$#
(-# 2-102# 5,162)"&# )"($+01()-"7#R-4.+$'')-"#4$45$+'#>)(3# 2->#>$5# '2$"%$+"$''# 0"%#
>)%$# *20"&$'# F'30.$'# 0..+-013)"&# 'M,0+$9# 0..+-L)40($2:# 5S3# Z# [SOJ# 40:# :)$2%#
,"1-"'$+/0()/$# '-2,()-"'#%,$# (-#%)'(-+()-"02#5,162)"&7# <"#0%%)()-"9# (3$#.+-/)')-"'#-*#



 Appendix F.1-2 

KO7P#40:#5$# -/$+2:# 1-"'$+/0()/$# *-+#4$45$+'#>)(3# 2-"&# 2).'# F%S5#Z#V7PUJ7#R,++$"(#
+$'$0+13# -"# 5$04'# 0"%# 1-2,4"'\# Y0"1-16# FGHIUJ9# Y0"1-16# $(# 027# FGHHO9# GHHQJ9#
N130*$+#0"%#C$6]D#FGHHIJ9#N130*$+#FPVVVJ#)"%)10($#(30(#4-+$#$L01(#1021,20()-"#-*#(3$#
.20($# 5,162)"&# 1-$**)1)$"(9# 69# *-+# 5-(3# 2-102# 0"%# %)'(-+()-"02# 5,162)"&# 40:# 5$#
1-4.2$($%#5:#30"%#-+#1-4.,(0()-"02#4$(3-%'7#

 
 
  

D#?#-#$E#3(

#
Y0"1-169#^7_7#FGHIUJ7#@B)'(-+()-"02#K,162)"&#-*#N($$2#N(-+0&$#`016#R-2,4"'A7#./0)&0
!(1,$(,1'-02*379#!NR89#GGGFGPJ9#..7#PaaV;PaI[#
#
Y0"1-169#^7_79#b>-"9#c7K79#K$+"0+%9#87N7#FGHHOJ7#@N(+$"&(3#B$')&"#R,+/$'#*-+#?3)";
E022$%# N$1()-"'# d"%$+&-)"&# B)'(-+()-"02# K,162)"&A7# ./0 )&0 4)*5(1,$(%)*'-0 !(##-0
6#5#'1$79#82'$/)$+9#[GFP;[J9#..7#GQH;GIQ7#
#
Y0"1-169#^7_79#`-&$+'9#R7!79#N13,'($+9#`7e7#FGHHQJ7#@R-4.0+)'-"#-*#(3$#B)'(-+()-"02#
K,162)"&#e$(3-%# *-+#X2$L,+02#e$45$+'#>)(3#?$'('7A#81)$##9%*350)&0 (7#0:7%1(##*(70
;*(#1*'(%)*'-0!"#$%'-(<04)*&#1#*$#0)*04)-9=>)1?#90!(##-0!(1,$(,1#59#N(7#f-,)'9#e=7#
#
N130*$+9#K7E7#FPVVVJ7#@B)'(-+()-"02#K,162)"&#-*#R-2%;X-+4$%#N($$2#R-2,4"'7A#>%*'-0
6#")1(0()0(7#0@?#1%$'*0;1)*0'*90!(##-0;*5(%(,(#9#E0'3)"&(-"9#B7R7#
#
N130*$+9#K7E79#0"%#C$6]D9#?79#FGHHIJ7#@f0($+022:#K+01$%#R-2%;X-+4$%#N($$2#X2$L,+02#
e$45$+'#>)(3#8%&$#N()**$"$%#X20"&$'7A#81)$##9%*350)&0(7#0>),1(##*(70;*(#1*'(%)*'-0
!"#$%'-(<04)*&#1#*$#0)*04)-9=>)1?#90!(##-0!(1,$(,1#59#N(7#f-,)'9#e=7#



 Appendix F.2-1 

!""#$%&'()*=(),-(.$1#-&/(!%,"1&,$4(5#6(A??#E1&F#(G&%1B(H#1B,%(

• B$2$($#022#1-"($"(#)"#$L)'()"&#'$1()-"#KO7P#
• g$>#KO7P#'$1()-"h#

;<*=( >$&?,-/@7(2,/"-#33#%(A@#/#$13(6&1B(0$(A%9#(C1&??#$#-(

g-($9#022#4$45$+'#(30(#1-"(0)"#$2$4$"('#>)(3#0"#$%&$#'()**$"$+#4,'(#02'-#5$#13$16$%#
*-+#%)'(-+()-"02#5,162)"&#-*#(3$#4$45$+9#'$$#.+-/)')-"'#-*#Ka7#
F0J#!(1#*3(70A#(#1?%*'(%)*#
# ?3$# $**$1()/$#>)%(39# 59# '3022# 5$# %$($+4)"$%# )"# 011-+%0"1$#>)(3# N$1()-"#KP7G09# $L1$.(#

(30(#6#'3022#5$#(06$"#0'#O7V#0"%#>#0'#%$*)"$%#)"#X)&,+$#KO;P7#
#F5J#A#&-#$(%)*0A#(#1?%*'(%)*0
# ?3$#$**$1()/$#>)%(39#5%9#,'$%#)"#1-4.,()"&#%$*2$1()-"#'3022#5$#%$($+4)"$%#0'#)"#N$1()-"#

KO7P09#$L1$.(#(30(#*%#)'#',5'()(,($%#*-+#*7#
#

• g$>#Ka#'$1()-"h#

;I(A??#E1&F#(G&%1B(,?(A@#/#$13(C:JK#E1(1,(L&31,-1&,$0@(;:EM@&$9(

# 82$4$"('# (30(# *-+4# 0# 4$45$+# >3)13# )"12,%$# 0"# $%&$# '()**$"$%# $2$4$"(# )"#
1-4.+$'')-"# 4,'(# 5$# 13$16$%# *-+# %)'(-+()-"02# 5,162)"&7# 8**$1()/$# >)%(3# 1021,20()-"'# *-+#
!"#$!%&'#(!)*+#'3-,2%#5$#1-4.2$($%#5:#'$1()-"'#KP#(3+-,&3#KU7#<"#0%%)()-"9#$**$1()/$#>)%(3#
1021,20()-"'#*-+#,)-."/.)"*$!%&'#(!)*+%'3-,2%#5$#1-4.2$()"&#5:#(3$#&,)%$2)"$'#5$2->7#?3$#
4)")4,4#$**$1()/$#0+$0#-+#$**$1()/$#4-4$"(#-*#)"$+()0#&-/$+"'#(3$#%$')&"7#
F0J#!(1#*3(70A#(#1?%*'(%)*0
# ?3$# $**$1()/$# >)%(39# 59# -*# 022# $2$4$"('# (30(# *-+4# 0# 4$45$+# >3)13# )"12,%$'# 0"# $%&$#

'()**$"$%# $2$4$"(# )"# 1-4.+$'')-"9# '3022# 5$# %$($+4)"$%# )"# 011-+%0"1$# >)(3# N$1()-"#
KP7G09#$L1$.(#(30(#6#'3022#5$#(06$"#0'#6%#%$($+4)"$%#5$2->#

# B$($+4)"$#(3$#$20'()1#%)'(-+()-"02#5,162)"&#'(+$''9#&#99#.$+#$L.+$'')-"'#)"#?052$#Ka7G7#N$$#
(3$# 1-44$"(0+:# *-+# 0)%# )"# 1021,20()-"# -*# (3$# '$1()-"# .+-.$+()$'# *-+# ,'$# )"# (3$#
$L.+$'')-"'7#

# B$($+4)"$#(3$#+$%,1$%#$20'()1#%)'(-+()-"02#5,162)"&#'(+$''#

eddd fRf = # F2B7#Ka;GGJ#

Rd
d

=
+

+






min ,

.
.1

117
1

0 3
λ

# F2B7#Ka;GPJ#

ednd fF=λ # F2B7#Ka;G[J#

# >3$+$#
X"#)'#.$+#'$1()-"#R[#*-+#*2$L,+02#4$45$+'9#0"%#RO#*-+#1-4.+$'')-"#4$45$+'#

# B$($+4)"$#C9#*-+#%)'(-+()-"02#5,162)"&#
# # *-+#$2$4$"('#-*#>)%(39#>9#(30(#0+$#0#.-+()-"#-*#0#,")*-+42:#1-4.+$''$%#4$45$+#

( ) 2

2

2112





−=

t
w

E
fk dd π

ν
# F2B7#Ka;GOJ#

# # *-+#$2$4$"('#-*#>)%(39#>9#(30(#0+$#0#.-+()-"#-*#0#*2$L,+02#4$45$+#
# # # %$($+4)"$#&9#(3$#%)'(-+()-"02#'(+$''#0(#(3$#1-4.+$'')-"#*)5$+#-*#(3$#$2$4$"(#-*#)"($+$'(9#

5:#,')"&# &9#*-+#(3$#%)'(-+()-"02#'(+$''#0(# (3$#$L(+$4$#1-4.+$'')-"#*)5$+#-*#(3$#*2$L,+02#
4$45$+#F)7$79#&#T#&9#0(#(3$#$L(+$4$#1-4.+$'')-"#*)5$+J7#(3$"#C9#40:#5$#1021,20($%#0'#

( ) 2

2

2112





−=

t
w

E
fkd π

ν
# F2B7#Ka;GUJ#



 Appendix F.2-2 

 
 
 

Table B7.1 Calculation of Distortional Buckling Stress (fed) 
DISTORTIONAL BUCKLING 
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Flange Rotational “Stiffness”: 
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Flexural Member: Critical Length and Web Rotational Stiffness 
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Compression Member: Critical Length and Web Rotational Stiffness 
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E = Modulus of Elasticity 
G = Shear Modulus 
ν = Poisson’s Ratio 
t = plate thickness 
h = web depth 
ξ = (f1- f2)/f1 stress gradient in the web 
Lm = Distance between restraints which limit rotation of 

the flange about the flange/web junction 

Af, Ixf, Iyf, Cwf, Jf = Section properties of the compression 
flange (flange and edge stiffener) about x, y axes 
respectively, where the x, y axes are located at the 
centroid of flange with x-axis parallel with flat 
portion of the flange 

xo = x distance from the flange/web junction to the 
centroid of the flange. 

hx = x distance from the centroid of the flange to the 
shear center of the flange 
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Figure C-B7-1 Element Properties for a Simple Lip Stiffener 
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An outline of the Direct Strength method (methods C2 and C3 in this report) follows: 
 
G. Alternative Design Procedure: Direct Strength 
 
G1 Columns 
 
G1.1 Nominal long column buckling load 

Pne = ( ) yP658.0
2
cλ  for 5.1c ≤λ  and      (Eq. G1.1-1) 

= y2
c

P877.0








λ

 for λc > 1.5      (Eq. G1.1-2) 

λc= crey PP          (Eq. G1.1-3) 
Py = AgFy         (Eq. G1.1-4) 
Pcre = AgFe         (Eq. G1.1-5) 
Fe = the least of  the elastic flexural, torsional and torsional-flexural buckling stress 

determined according to Section C4.1 through C4.3 
 

G2.1 Local buckling strength 
Pnl = Pne for 776.0l ≤λ  and       (Eq. G1.2-1) 
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
−  for λ l > 0.776   (Eq. G1.2-2) 

λ l= crlne PP          (Eq. G1.2-3) 
Pcrl = Elastic local column buckling load* 
 

G3.1 Distortional buckling strength 
Pnd = Pne for 561.0d ≤λ  and       (Eq. G1.3-1) 
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−  for λd > 0.561   (Eq. G1.3-2) 

λd= crdne PP          (Eq. G1.3-3) 
Pcrd = Elastic distortional column buckling load* 
 

G4.1 Nominal Capacity 
Pn = minimum of Pnl , Pnd      (Eq. G1.4-1) 
Ω = 1.80 (ASD) 
φ = 0.85 (LRFD) 

 
* Elastic buckling loads may be determined by expressions in Appendix … {an Appendix should be added to the 
Specification that provides closed-form expressions for local and distortional buckling similar to those expressions 
given in Appendix B of this report and used in Appendix D method C2 of this report} In lieu of those expressions the 
elastic buckling load may be determined by rational analysis. 
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