Design Example - Lipped Channel Column

Desigh Examples: Concentrically Loaded Lipped Channel Column

The following 11 examples include the methodology for all methods considered in the report:
Distortional Buckling of Columns. In brief, the 11 methods include:

A. AlISI (1996) Methods and Simple Modifications
A1l. Current AISI (1996) Method
A2. AISI (1996) with a Distortional Check
B. New Methods which include only Local+Euler Check and Distortional Check
B1. Effective width "element" based method
B2. Hand Implementation of Direct Strength "member" based method
B3. Numerical Implementation of Direct Strength "member" based method
C. New methods which include Local+Euler Check and Dist+Euler Check
C1 - C3 same as B methods with interactions listed above
D. New methods which include Local+Euler, Dist+Euler, and Local+Dist Check
D1 - D3 same as B and C methods with interactions listed above

Specimen Dimensions and Properties:

h :=5.034-in KX:=1 b

b:=1.992:n K, =1 |7
y Y d 0

d:=0.735in K (=05 hl

t:=0.031in LX::75-in ------------ ------------- X

E := 29500 ks :

vi=0.3 Loy t= Al :

f,i=351ks L (:=754n _I

Dimensions of the above example are based on Loughlan (1979) specimen #L6

Glossary of Variables:
h = web height K, = x-axis effective length
b = flange width Ky =y axis effective length

d - liplength K = torsion effective length
6=lipangle (radians) ~_ . .o\ braced lenath
= thi ckioss x = X-axis unbraced leng

E = Young's modulus Ly = Y-axis unbraced |ength
v = Poisson'sratio Lt =torsion unbraced length

fy = yield stress
- The following solution only applies for 8 = 90, due to explicit
0:=90— formulas used in the calculation of C,, for overall (Euler) buckling.
180 Those formulas only apply to lipped C's.
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Design Example - Lipped Channel Column

Whole Section Material and Gross Properties Required for
Overall Buckling Analysis of Lipped Channel

Material Property: G :=L G= 1.135-104 oksi

2:(1+v)
Gross Section Properties:

This is a series of "canned" formulas for gross property calculations of a lipped channel.
They do not apply to other cross-section geometry. The C,, formula is from Yu,
Cold-Formed Steel Design.

A:=t-(h+2:b+2-d) A = 0.3250¢in?
i=tndy2lei 2ty 3=1041:10 % in*
3 3 3
=L = 2.5174in
ycg_z ng_ .
= (h8) + 2o tn? e 2 te Laen?s dPehy Do I = 1.3256n"
12 2 3 2 6
Xog! - b(b+2d) o = 0.658¢in
h+2b+2d
2
lyi=— L 2apd e Ld s 2.d 0% (hity 2btg 2.di) b2 PH2D" Iy:0.204°in4
12 3 6 (h+2:b+ 2.d)?
pi= 2t 2d) | B (5407, 3602 8.d°) X o = 1.668¢in
A 121,
m::xo—xcg m=1.01¢in
X o Ah? 12
cg 2 _ B
Cwtermi1 = " —+m°—mb C \witerm1 = 57.823¢in
A 2
_ 3 _ 6
C wterma =2 [mh3+ b2.d?(2d+ 3:h)] C termp = 12.11¢in
2
c =0 8 b2 d+ 2.m(2d-(d= h) + b-(2-d— 3-))] c - -8,058 ¢in°
wterm3 "=~ + + wterm3 :
2,2 2.4
b°-h 21 m~h . 6
C uterma = (3:d+ b)(4d + h) - 6.7 - . C \wterma = 342.735¢in
2
t _ . 6
Cw "K'<C wterm1+ C wterm2+ C wierm3 + € vvterm4> C =1.196¢in
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Design Example - Lipped Channel Column

Flange Only Properties Required for Distortional Buckling Calculation

Hand methods for distortional buckling prediction require that section properties of the
isolated flange be calculated. The expressions here are only applicable for simple lips.
More complicated flanges would follow the same procedures, but new expressions would
be required.

Material Properties:

A G:= E
2:(1+v)
v
y
Properties of the Flange Only:
Agi=(b+d)t A ¢ = 0.0854in”
3=ty La 34=270810 ° «in
3 3
t.(2b%4 4.b.0°— 4.b-d>cos(0)+ t2b-d-+ d* - d*cos(8)?) 3 4
| yf 1= | =3.27910 ° din
12(b+d)
. t-(b*+ 4-d-b%+ 6.0%b2.cos(8) + 4-d%b-cos(8) -+ d*.cox(6)?) - 0037eint
vt 12:(b1 d) yim =
| _tb-d?sin(8)-(b+ d-cox(8)) 5
xyf = 4(b+d) | gyt = 6.092:10 on’
. th® bt® tdd
oF "3 TR | of =0.0864n"
o oim b?— d”.cos(8)  x distance from the centroid to X = 0.7284n
of '~ 2(b+ d) the shear center. of =+
- d.s n(e) y distance from the centroid to
Yof = 2.(b+d) the shear center. Y of =0.099¢in
N <b2+ 2.d-b+ dz-cos(9)> x distance from the centroid ho.=-1.2644n
xf = 2 (bt d) to the web/flange juncture. xf= -
2 . .
__-d"-sin(8) y distance from the centroid __ .
hyt= 2.(btd) to the web/flange juncture. hyt =70.099<in
Cyf :=04n° C yf =0¢in°

All flange properties are given the subscript 'f' to distinguish them from the
overall properties of the column
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Design Example - Lipped Channel Column

Overall (Global, Long-wavelength) Buckling Modes as per AISI (1996)

Elastic Flexural Buckling about the x-axis:

= X [ = 2.018¢in Slenderness is:
A
Kyl x
E =37.158
Fex'=—————  Fg=210.876 s "'x
KyL

roo= | Y o =0.791ein Slenderness is:
Y A y
“yty
i E = 94.77
——— = oksi r

Fey' N F oy = 32417 s y

y y)

Ty

0 o =F o Fo =T+ Ty +Xg ro = 2.735¢n
1 T[2'E-CW XO 2
0= > G-.]-|-—2 =1-|— 0 =102.279 %ksi
Ay (KyLy) o
B =0.628
1 2 .
Fet.:z_ﬁ- O ex+ 0= (0 et 0] = 4P0 g0y F o = 82.543si
The controlling long-wavelength buckling load is the minimum:

Fe:=min<[|=ex Fey Fet]> F o= 32417 s
mode_is:= |"x-axisflexure" if F=F g, mode _is = "y—axis flexure"

"y-axisflexure" if Fe=Fey

"flexural-torsional” if Fe=Fet

Note, columns with different effective lengths (K) or braced lengths (Lx, Ly, Lt) are treated in the usual
fashion regardless of the design method considered.
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Design Example - Lipped Channel Column

Al. Ultimate Strength per Current AISI (1996) Procedure

Determine the long column nominal buckling stress Fn (per AlSI section C4):

f

_ |ty _
A= |2 A =1041
e
A 2
[ C H — g
Fi=||0658 4, if A <15 F = 2231s
O877¢ | it A 515
2 Y c
A C

Determine the effective area (calculated at the nominal buckling stress, Fn):
Determine the effective width of the web:

The buckling coefficient and stress are:

k web =4

2 2
m-E t .
Fer web =Kweb —(—> fer wep =4.0442ks
The slenderness is:

F
) = 1052 (E) M \=2349 or A

’ t E
kweb

The reduction factor is:

A =2.349

the two expressions for A are equivalent.

p:=]1 if A<0.673 p =0.386
1_ 0.22
A .
- ' if A>0.673
A

The effective width of the web:

h ff ::p'h h eff = 1.943¢in
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Design Example - Lipped Channel Column

Al. Ultimate Strength per Current AISI (1996) Procedure (continued)

Determine the effective width of the flange:

3 . 2
Preliminaries: S:=1.28- E IS::m
Fn 12

t 3 Once kaisi is determined from the equations
S b on the left, the effective width of the flange
if §<TSS is readily calculated:

k<043 The buckling coefficient and stress are:
b & 3 kalSl = 3.405
— k 2
4 t u
| g—t"-399- < <T> : 2E £)2
Fer_aisi =Kas—F— 5
1 12-<1— v >
Ne——
2 .
_ | f cr_aisi = 21.988<ksi
C2—min||—> 1
I The slenderness is:
Cl—2-C2
K g min( 525_59 4]) A= 1007
b
n
C2(kq-ky) +ky
it BZS A =1.007
t
Ky—043 The reduction factor is:
b
n p:=]1 if A<0.673 p =0.776
4
| j—t"1115—+5
a S (1_ 0.22)
1 LM it asoe7s
Ne—— A
3
s The effective width of the flange:
C2—min|— 1 )
_| a beff ::p'b beff:1.546°|n
Cl—2-C2
[ d
Kge—min[|525-5— 4
n
C2(kq-ky) +ky
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Design Example - Lipped Channel Column

Al. Ultimate Strength per Current AISI (1996) Procedure (continued)

Determine the effective width of the lip

The effective width of the lip is first determined as an unstiffened element in pure compression,

labeled as ds_p. Then a second reduction using the C2 term from the flange expressions must
also be applied.

First reduction: Second reduction
Kijp =043 Coi=|1if b.S
2 2 t 3
or_lip = "lip 2 |d it 2<2<s
21V a
f cr_Iip =20.395°ksi b & 3
" 2
= | o t*a09{ L (248
1052 [d n , S 4
AN=—— || |— or A:
_ t E |
Vk“p min([l_s 1]
A =1.046 a
- if L>s
p:=1]1 if A<0.673 t
(1_ 0.22) b
—)\ —
. 4 t
— if A>0.673 | gt"115—+5
p =0.755 ls
4. =pd min|| — 1
sp =p | a
dSJO:O.555°|n C,=1
d ff =C 2d s p
d off = 0.555¢in
Determine the effective area and the Ultimate Strength:
The Effective area is:
Agi=t(h g+ 2D g+ 2:d ) A o =0.19¢in° vs. A =0325¢in°

The ultimate strength is:

Pn_Al::Aean Pn_A1:4249°k

Appendix D - 7



Design Example - Lipped Channel Column

A2. AlISI (1996) with a Distortional Check

Step 1: Complete design method Al.
Step 2: Perform the Distortional Check

Calculate the distortional buckling stress, via hand method of Schafer (1997)

Determine the critical half-wavelength at which distortional buckling occurs:

1
Th(1- v |y !
L= M Ixf'<xof_hxf>2+cwf_ Ix;/ff

t
If bracing is provided that restricts the distortional mode at some length less than Lcr, then the shorter
bracing length should be used in place of Lcr in the following calculations.

(xof=hyf)?|| L =30.007¢n

Determine the elastic and "geometric" rotational spring stiffness of the flange:

4 | 2 2
T 2 xyf 2

Kgre'= || | Elxt(Xof = xt) + ECw— E———{Xor=hyt)"|+ | —| GJ
cr yf cr

K gfe = 0.035%
T 2] 2 Ixyf ? Ixyf 2 2

Keig'=| | {A](¥of = Nxt) (V) _2'yof'<xof_hxf>'<w +huf +Yof |+ xft ]yt
Ccr

= od _3 O-
K gfg = 2092+10 ° in

Determine the elastic and "geometric” rotational spring stiffness from the web:

3
E-t 2. .3
k R k =0.032°k ™| th -4 . 2
owe owe k = k =7.224-10 °
6:n-(1-v?) wo T, 60 o ;
Determine the distortional buckling stress: kwg is mod|f|gd
due to an error in
kcpfe+ Kk Schafer (1997)
. ove _ . :
f Cr_dist - f Cr_dist = 23.921 ksi aﬂa|ySIS-

Kgtgt K gwg

Appendix D - 8



Design Example - Lipped Channel Column

A2. AlISI (1996) with a Distortional Check (continued)
Calculate the strength reduction factor (p) for distortional buckling

Find the reduction factor for the distortional stress

Winter's curve is used to find the strength
y reduction factor; but the distortional stress

f

Ay = . _ Ag=1211 is reduced by Rd to account for lower
cr_dist post-buckling capacity in the distortional
_ 117 mode.
Rgi=min/l1 +0.3 R 4=0.829
e

The increased slenderness is . . _
note that fy, not Fn is used in the strength provisions for

distortional buckling in method A2, this is because
distortional interaction with long column Euler buckling is
ignored in this method.

fy

Y a=133
Rafer dist

The reduction factor is:

p:=|1 if A<0673

RaTer dist| [Rdfer dist p =0.627

1-0.22. . if A>0.561

y fy
An alternative, but similar method to calculate the strength reduction factor (p)

The alternative reduction factor is:

pai=]1 if A y=0.561 this method for
06 06 calculation of p is
f R A i ot | p 4+ = 0.637 used in methods B2
1- 025 Odst) [T At e 056 A and B3 and is
f y f y provided for

. ) ) o comparison only.

The Effective area for distortional buckling is:

Agi=pA A o = 0.2044in” vs. A =0325¢in°
The strength prediction for the distortional check is

Pn_A2dist_check =Aefy Pn_A2dist_check = 716
The ultimate strength is the minimum:

Pna2= min<[ Pn A1 Pn A2dist_check ]> Pn A2 =4.249

ultimate_is:= | "local limited to Fn (L+E)" if P, Ao=P A1

"distortional” if P, A2=Pn A2dist check

ultimate_is = "local limited to Fn (L+E)"
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Design Example - Lipped Channel Column

B1. Effective width "element” based method with L+E and D Checks

L=local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

Determine the effective width of the flange web and lip considering L+E, thus all eff. width
calculations are limited to the long column nominal stress Fn

Effective Width of the Web

The plate buckling coefficient is OR the web local buckling stress is

Kweb =4 - 2E 2 ) |
fcr_w =Kyeb: < 2> T fcr_w = 4.044ksi
The slenderness is 12.(1-v
F
ri=—22 N n A =2.349 A A =2.349
K t E
web
The reduction factor is:
p:=]1 if A<0.673
(1_ 0.22) p =0.386
LM as0673

A

The effective width of the web:

h ff ::p'h h eff = 1.943-in

Effective Width of the Flange

The plate buckling coefficientis* OR the flange local buckling stress is

k flan =4 2 ;
ge . = t _ )
fcr_f = kflange'—< 2> (E) fcr_f = 25.829ksi

The slenderness is 12.{1-v

F
A :=ﬂ-<9>- _n A =0.929 = n A =0.929
P E
kﬂange o_f

The reduction factor is: * note that a k of 4 is used for the flange

p:=]1 if A<0.673 instead of the AISI rules from B4.2. This

implies that only local buckling is
(1_ %) p=0821 considered in this calculation, and
A . distortional buckling will thus be checked
A it A>0.673 separately.
The effective width of the flange:
beff ::p'b beff =1.636¢in
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Design Example - Lipped Channel Column

B1. Effective width "element" based method with L+E and D Checks
(continued)
Effective Width of the Lip
The plate buckling coefficientis*  OR the lip local buckling stress is
k ||p =043

Fer 1=Kjip:

nZ-E t
d

2
The slenderness is 12'<1— v >

A= — A =1.046 Al
m E
The reduction factor is:
p:=|1 if A<0.673
( 0.22

A =1.046

) 1.052.<d). Fn
t

1 p =0.755

—A) it A>0.673

A
The effective width of the lip:

d ff ::p'd d eff = 0.555¢in

The Effective area is:
- - 02 -
Agi=ti(N g+ 2D e+ 2:d g A ¢ =0.196-in Ae Blloca =Ae
The strength prediction for local buckling (L) considering long column (E) interaction is

Pn Biloca =AeFn Pn Bllocal = 4-374°K

Check distortional buckling (calculations are identical to distortional check in method A2)

The strength prediction for the distortional check from A2 is
Pn_A2dist_check = 7-16°k
The ultimate strength is the minimum:
PnB1= min<[ Pn Blloca Pn_A2dist_check ]> Pn B1=4374%
ultimate_is'= | "local (k=4 sol'n) limited to Fn (L+E)" if Pn_Bl=Pn_BllocaI
"distortional" if Pn_Bl=Pn_A2dist_check

ultimate_is = "local (k=4 sol'n) limited to Fn (L+E)"
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Design Example - Lipped Channel Column

B2. Hand Based Direct Strength "member" method with L+E and D

Chec‘ftq’local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

In the member methods (B2-B3, C2-C3, D2-D3) solutions are written in terms of load, P.

Calculate the elastic buckling loads by hand
Long Column Buckling (Euler buckling) see before method A1l for details of hand calculation

Pee=AFg P ore = 10.54°k
Distortional Buckling see method A2 for details of hand calculation
Porg =Af or_dist Porg =7-777°k
Local buckling (based on hand expressions for flange/web and flange/lip interaction)

Flange/Web Local Buckling

The plate buckling coefficient for the flange/web interaction expressions are written
in terms of the flange:

o b _
kfIange_web = H h ] 4 ] 21 kfIange_web =0.82
h 4| if E<1
b b
n E t)2 _
Fer_fw =K flange web——+ (E) For fw = 5.298°ks
12:(1-v?)

Flange/Lip Local Buckling

The plate buckling coefficient for the flange/lip interaction expression is also written
in terms of the flange:

2

d d
kflange ||p -11.07- = b + 3.95. = + 4 kflange_llp =3.95
2 2
. m-E t _ .
Fer fl "kflange_lip'—z'(6> Fer fl = 25508 ks
12-<1— v >

Local buckling stress
fer local ::min<[f o fw for fl ]> Fer local = 5-298°ksi

Local buckling load
Per =ATer Jocal Per = 1.722°k

Calculate the column squash load
P, =Af P, =11.4124k

y y y
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Design Example - Lipped Channel Column

B2. Hand Based Direct Strength "member" method with L+E and D
Checks (continued)

Calculate the nominal long column (Euler) strength

Py
A= |—L A =1041
P
cre
A 2
b — C H —
Pne'= (0658 © Py | if A <15 P o= 7:253%
08776 | it A 515
2 Y c
A C

Consider local and long column (Euler) interaction, calculate the strength

P
A= € A = 2.052
PcrI
Pr=|Pne if A<0.7776 P = 3737
0.4 0.4
P =)
1015 |2 P if A50776
Pne Pne

Consider distortional, calculate the strength

note Py, not Pne is used in the

. Py - 19211 calculation. Thus disotortional
A= P A=1 and overall interaction is
crd ignored.
Pnd'= Py if A<0.561 P g = 7-266°k
0.6 0.6
P P
1-025/_ %9} |29 b it x>0561
P P y
y y
The ultimate strength is the minimum:
Pn B2~ min([Pm P nd]) P B2 =3.737°%
ultimate_is:= |"local limited to long column Pne (L+E)" if Pn_BZ=PnI

"distortional" if Pn_Band

ultimate_is = "local limited to long column Pne (L+E)"
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Design Example - Lipped Channel Column

B3. Numerical Implementation of Direct Strength "member" method with
L+E and D Checks

L=local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

Finite Strip Analysis of the member (the raw data is imported from Matlab):

40

30
T
=

2, curve<:L> 20
=
7
o
=}
a

10

0

1 10 100
<0>
curve

half-wavelength (in.)

Buckling stresses from the finite strip analysis:

f cr_locals :=5.65-ksi These values are manually entered from the curve.
f cr_dists =21.4ks

f F

cr_longs =" e Since the analysis was stopped at approximately 50 in. the hand solution

for overall buckling of the column will be employed.

Elastic Buckling Loads (subscript "s" is added to distinguish from the hand based methods)

Local PCI"S =Af cr_locals PCI"S =1.837°k
Dist. PCI’dS =Af cr_dists PCI’dS = 6.958k
Long Pores=Af cr_longs P cres = 10.54°k
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Design Example - Lipped Channel Column

B3. Numerical Implementation of Direct Strength "member" method with
L+E and D Checks (continued)

Calculate the nominal long column strength

A =1041

2
A c .
Pes'= (o.ass -Py) if AS15  Ppeg= 7.253%
0877 b | it A 515
2 Y ¢
A C

Consider local and long column (Euler) interaction, calculate the strength

P
A= | A =1.987
l:’crls
Prsi= | Pres if A<0.776 P s = 3825k
0.4 0.4
= p
1-015. | /2981 b it A>0.776
P P
nes nes

Consider distortional, calculate the strength

note Py, not Pne is used in the

. Py - 19281 calculation. Thus disotortional
A P A=1 and overall interaction is
crds ignored.
Pnds = Py if A<0.561 P ngs = 6:905°k
0.6 0.6
P P
1- 025/ _ods| | [ crds Py if A>0.561
P P
y y
The ultimate strength is the minimum:
Pn B3'= mi”([Pms Pnds]> P B3 =3825%
ultimate_is:= | "local limited to long column Pnes (L+E)" if Pn_83=PnIs

"distortional" if Pn_B3=Pnds

ultimate_is = "local limited to long column Pnes (L+E)"
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Design Example - Lipped Channel Column

C1l. Effective width "element" based method with L+E and D+E Checks

Note, the presented solution for method C1 is in a different format, than that suggested in Appendix
F.2. The results are identical, see example C1 (alternate) for solution in the same form as Appendix F.2

Calculations for C1 are nearly identical to B1 except that now the distortional buckling strength
check includes the possibility of interaction with the long column (Euler) buckling modes, and thus
effective width in both the distortional mode is limited to Fn (instead of Fy).

Strength in local mode from calculation in B1 Pn Blloca = 4-374°k

Strength in distortional mode considering possibility of long column (Euler) interaction
Calculate the strength reduction factor (p) for distortional buckling

Find the reduction factor for the distortional stress

Winter's curve is used to find the strength
Fn reduction factor; but the distortional stress

Ag = I A ¢ =0.966 is reduced by Rd to account for lower
cr_dist post-buckling capacity in the distortional
mode.
Rg:=min[|1 117 +03
A d+ 1
The increased slenderness is A := A =1.021
The reduction factor is:
p:=1]1 if A<0.673
R 4 f . R 4f ; =0.769
1 0.22. d”cr_dist| |7d”cr_dist it A>0.561 p
Fi Fi

Alternative method for the strength reduction factor (p) used in C2 and C3 and provided here for the
purposes of comparison only.

pgri= |1 if A y<0561

0.6

b 4t = 0771
if A g>0561 O

f cr_dist

06] /¢ i
1_ 025.( < cr_dist

n

Fn
The Effective area for distortional buckling is (same reduction for all elements):
Agi=pA A o =0.25¢in° vs. A =0325¢in°
The strength prediction for the distortional check is
Pn_cidist_check =AeFn Pn_Cidist_check = 2-979°K
The ultimate strength is the minimum:
Pnc1= min<[ Pn Blloca P n_Cldist_check]> Pn c1=4374%
ultimate is:= |"local limited to long column Pne (L+E)" if Pn_Cl=Pn_BllocaI
"distortional limited to long column Pne (D+E)" if P, c1=P c1dist check

ultimate_is = "local limited to long column Pne (L+E)"
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Design Example - Lipped Channel Column

C1 - Alternate. Effective width "element" based method with L+E and D+E
Checks

Appendix F.2 provides a proposed method for incorporating method C1 into the AISI Specification.
The format is different than that presented in the previous example for C1, but the result is the same.
For completeness, this example is provided in the same format as presented in Appendix F.2 and
proposed for adoption - however, the final results are identical to method C1 presented above.

Step 1. Determine the effective area for local buckling (consider long column interaction - follow
method B1)

A e Bllocal = 0-196¢in”
Step 2. Determine the distortional buckling effective area (as described in Appendix F.2)
Determine the long column nominal stress (same as in method Al)
Fpn=223Ll%s
Determine the elastic distortional buckling stress (same as fcr_dist in method A2)
fegi=f or_dist f g = 23.921ksi

Determine the reduced elastic distortional buckling stress

A g = 0.966

R 4 =0.895

fq=21.4145%s

Determine the effective width of each element, subjected to distortional buckling

Flange
2 2
o12(1-v3) /b
Kd flange = d'z—'H Kd flange = 3-316
mE
F
A ::ﬂ. bl [Cn A = 1.021
K t E
d_flange
p:=]1 if A<0.673 p =0.768
1_ 0.22
A :
- ' if A>0673
A
b ff ::p'b b eff = 1.531-in
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Design Example - Lipped Channel Column

C1 - Alternate. Effective width "element" based method with L+E and D+E
Checks (continued)

Web
2 2
12(1-v3 /n
kd_Web =f d2—<T) kd_Web =21.179
m E
F
)\::ﬂ E . _n A =1.021
K t E
d_web
p:=|1 if A<0673 p =0.768
1_ 0.22
A .
- if A>0.673
A
h ff ::p'h h eff = 3.869¢in
Lip
2 2
o12(1-v?) /d
m E
F
A= 1092 [d} 7N A =1.021
. \t/AE
d_lip
p:=]1 if A<0.673 p =0.768
1_ 0.22
A .
— if A>0.673
A
d ff ::p'd h eff = 3.869¢in

The Effective area for distortional buckling is:
- - .2
Ae dist'=t(Neff+ 2D ef+2detf)  Ag gist=0254n
The governinig effective areais:

Ag=min[Ag Blioca Ae dist]) A ¢ =0.196¢in°

ultimate_is:= | "local limited to long column (L+E)" if A =A ¢ B1j0cal
"distortional limited to long column (D+E)" if A =A o igt

ultimate_is = "local limited to long column (L+E)"

Capacity is Pn_ClaIt =AgFp Pn_ClaIt = 4.374k
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Design Example - Lipped Channel Column

C2. Hand Based Direct Strength "member" method with L+E and D+E
Checks

L=local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

Local Buckling considering long column interaction (same as B2)

P = 3.737%

Distortional Buckling considering long column interaction

A= € A = 0.966
Pcrd
Pra2 = |Pre if A<0.561 P o = 5592k
0.6 0.6
P =)
1- 0259 /299 b it A>0561
Pne Pne

note a "2" is added to the subscript of Pnd to distinguish from the calculation method
used in example B2, which ignores long column (Euler) interaction, but is otherwise
performed in a similar manner.

The ultimate strength is the minimum:

P c2=min([Py Prgp]) Pr c2=3737k

ultimate_is:= | "local limited to long column Pne (L+E)" if P, co=Py

"distortional limited to long column Pne (D+E)" if P, co=P g2

ultimate_is = "local limited to long column Pne (L+E)"
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Design Example - Lipped Channel Column

C3. Hand Based Direct Strength "member" method with L+E and D+E
Checks

L=local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

Local Buckling considering long column interaction (same as B3)

P s = 3.825%

Distortional Buckling considering long column interaction

P
A= | A =1.021
P crds
Pnd2s'= [ Pnes iIf A<0.561 P ndos = 535K
0.6 0.6
P P
1- 02598 /299 b it A>0561
Phes Phes
The ultimate strength is the minimum:
P c3=min([Pps Pnazs]) P c3=3825%
ultimate_is:= | "local limited to long column Pnes (L+E)" if P, c3=P g

"distortional limited to long column Pnes (D+E)" if P, c3=P qos

ultimate_is = "local limited to long column Pnes (L+E)"

Appendix D - 20



Design Example - Lipped Channel Column

D1. Effective width "element" based method with L+E, D+E and L+D

Chec‘ftq’local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

This design method is the same as C1 with the addition of a local + distortional check
Check local + distortional interaction
Find the limiting, nominal, distortional stress (Fnd)

Local and long column (Euler) interaction is completed by calculating the effective width for
local buckling at the nominal long column stress (Fn). Local and distortional interaction is
completed in a similar manner by calculating the effective width for local buckling at the
nominal distortional stress (Fnd)

Distortional slenderness is

fy

A= A=1211
fcr_dist
Fng'=|1 if A<0.561 Fng = 22.348°ks
fcr dist 00 fcr dist 00
1-0.25-( f— ( f— -fy if A>0.561
y y

Determine the effective width of the flange web and lip considering L+D, thus all eff. width
calculations are limited to the distortional nominal stress Fnd

Effective Width of the Web

The plate buckling coefficient is

kweb::4

The slenderness is The reduction factor is:

F
A= 1092 <ﬂ> _nd ) =2351 0:= |1 if 120673 0 = 0.386
t/A E
/kweb ( 1 0.22)
LM i asoem
A

The effective width of the web:

h ff ::p'h h eff = 1.941-in
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Design Example - Lipped Channel Column

D1. Effective width "element” based method with L+E, D+E and L+D Checks

(continued)
Effective Width of the Flange

The plate buckling coefficient is

Kflange =4

The slenderness is The reduction factor is:

F
A= 2082 (blTndy ge3 pi= |1 if A<0673 p =0.821
5 t/ E
flange

(1_ 0.22

—A) it A>0.673

The effective width of the flange:
beff ::p'b beff =1.635¢in

Effective Width of the Lip
The plate buckling coefficient is k lip '=0.43

The slenderness is The reduction factor is:

F
) 21052 [d} 17 nd ) =1.047 p:=|1 if A<0.673 p=0754
K i: t E 0.22
4, lip (1_'_)
oM i as0673
A

The effective width of the lip:
d ff ::p'd d eff = 0.555¢in

The Effective area is:

— _ 2 _ 2
Agi=ti(N g+ 2D e+ 2:d g A ¢ =0.196-in vs. A =0325ein
The strength prediction for local buckling (L) considering long column (E) interaction is
Pn Dllocadist:=AeFnd  Pn Dilocadist = 4-378°K
The ultimate strength is the minimum:
Pnp1= min([Pn_Bllocal Pn_A2dist_check I:)n_DllocaldistD Pn D1 =4374%
ultimate_is:= | "local (k=4 sol'n) limited to Fn (L+E)" if P p1=Pn B1local

"distortional" if Pn_D1=P n_A2dist_check
"local limited to distortional Fnd (L+D)" if Pn D1=Pn D1localdist

ultimate_is = "local (k=4 sol'n) limited to Fn (L+E)"
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Design Example - Lipped Channel Column

D2. Hand Based Direct Strength "member" method with L+E, D+E and
L+D Checks

L=local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

Local Buckling considering long column interaction (same as B2)

P = 3.737%

Distortional Buckling considering long column interaction

P 2 = 5592

Local Buckling considering distortional interaction

Consider distortional alone, calculate the strength (done previoulsy in B2)

P g = 7-266°

Now consider local limited to nominal distortional load

P
A= | \ = 2.054
Perl
Pnld:: Pnd if A<0.776 Pnld = 3.741°k
0.4 04
P P
105 |2 p o if A>0776
Pnd Pnd

The ultimate strength is the minimum:

F>n_D2:=min<[PnI P a2 Pn|d]> Pn p2=3737%

ultimate_is:= | "local limited to long column Pne (L+E)" if P, =P
"distortional limited to long column Pne (D+E)" if P, p2=Pnq2

“local limited to distortional Pnd (L+D)" if P, po=P g

ultimate_is = "local limited to long column Pne (L+E)"
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Design Example - Lipped Channel Column

D3. Numerical Implementation of Direct Strength "member" method with
L+E, D+E and L+D Checks

L=local buckling D=distortional buckling E=Euler (long wavelength) buckling a "+" indicates that
interaction in these modes is considered in the design method.

Local Buckling considering long column interaction (same as B3)

P s = 3.825%

Distortional Buckling considering long column interaction (same as C3)
P ndos = 5-35°K
Local Buckling considering distortional interaction
Consider distortional alone, calculate the strength (done previously in B3)
P nds = 6-905°k

Now consider local limited to nominal distortional load

P
A= |_nds A =1.939
Perls
PnldS:: Pnds if A<0.776 PnldS:3.707°k
0.4 0.4
P P
1- 01518 |/ ZS) b it 250776
Phnds Pnds

The ultimate strength is the minimum:

Pn_D3 ::min<[PnIs Pnd2s Pnlds]> Pn_p3=3707°

ultimate_is:= | "local limited to long column Pne (L+E)" if P, p3=P s
"distortional limited to long column Pne (D+E)" if P, p3=P nqos

“local limited to distortional Pnd (L+D)" if P, p3=P4s

ultimate_is = "local limited to distortional Pnd (L+D)"
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Design Example - Lipped Channel Column

Summary

A. AISI (1996) Methods and Simple Modifications
A1l. Current AISI (1996) Method
A2. AISI (1996) with a Distortional Check
B. New Methods which include only Local+Euler Check and Distortional Check
B1. Effective width "element" based method
B2. Hand Implementation of Direct Strength "member" based method
B3. Numerical Implementation of Direct Strength "member" based method
C. New methods which include Local+Euler Check and Dist+Euler Check
C1 - C3 same as B methods with interactions listed above
D. New methods which include Local+Euler, Dist+Euler, and Local+Dist Check
D1 - D3 same as B and C methods with interactions listed above

4
3
2
1
0
—1
—0.5
—0

see the text for complete discussion of the analyzed design methods.

Pn_ay=4.249% Predicted Nominal Capacity Piegt i=3.8K

P n_A2 = 4.249°k

P n_Bl = 4374°k

P n_Bz = 3737°k
P n_B3 = 3.825°k
P n_Cl = 4374°k

P n_cz = 3737°k

P n_c3 = 3.825°k

~H
op

P n_Dl = 4.374°k

P, D2 = 3737 Pn_all
k

Pn D3 = 3707°k
- Test to Predicted Ratio for Loughlan (1979) #L6

-
op
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