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Example 5.4. Axial force resistance of channel cross section

Width/depth b:= 80-mm h:= 100-mm f 5= 300-MPa kN = 1000-newton
. . E
Inner thickness/outstand  ti := 8:mm c:=25-mm E:= 700000MPa G := 6 MPa=10%Pa
Outer/bottom thickness to := 3.5:-mm tu = 4-mm Y wmf 10 '
Length L := 1200:mm |‘_
. ) i
i=0.8 k=1.3 e 5% oM
Nodes no., tl:=to th=to y, :=05h z:=b -..I - T
co-ordinates, ) ) F sl
thickness th, = ti tlg = ti Yera'® -0.5h 4 0= 0:'mm R a
thy=tu t=tu 47 omm - %=057 = .
thy=th, tig=t, JYo=03N-¢ %=057 ) 4
Yg =Yg z,:=7, - 05:(ti - to) : T 4 =
oz 4ty z,:=2
= mm mm mm mm
_0 25 80| |3.5( (3.5
_1 50 77.75| |3.5 8
_2 50 40( (3.5]]3.5
_3 50 0| |3.5[1(3.5
_4 0 0 4 4
_5 -50 0 4 4
_6 -50 40( (3.5]|3.5
_7 -50 77.75| [3.5]]3.5
| 8][-25 go| | 8|[35 %© — —
65
40 . .
Nodes i=1.rows(y) - 1 15
. . . . I >
Cross-section constants, varying thickness -10
~60 -30 0 30 60
Sectorial Wy 1= 0-mm?
co-ordinates
@ g7Yii1a Y5 YWt o
Thicknesses Dt. tl. Dt tl. Dt
to simplify Dt := th, - tl tLo=t +— 2= — +— 3 = — +—
expressions 2 2 3 3 4
Length of . 2 2
elements I = [J(yi Yo 1> + <4 4 1> ]
rows(y) - 1 t +th .
Area A= 5 -Ii A =1.233-10"-mm
_—
rows(y) - 1
. _ 213 3
First moments S, := Z [yi ot <yi =Y 1> -'[Zi]-li S,=-847-10 ~"-mm
of area i1
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Sy = D[zt (3-7_ )2 S = 4.388:10%mm°
i=1
rows(y) - 1
S, Yoot (o -0 ) S, =-7.328-10%mm"
i=1
rows(y) - 1
Pomonts 'z P R R R AN L P R
of area =1
rows(y) - 1
= o a2 p(m-g e (3-7 P
i=1
rows(y) - 1
I = Z [(w i_1>2-t1i +2'w i_l-<w - i_1>-t2i + <w W i_1>2-t3i]-li
Mixed i=1
rows(y) - 1
D S [T C TR P C R VR S Y] K= R AR S RN
i=1
rows(y) - 1
lyw= Z [(yi-1>'<“) i-1>'t1i+[yi-1'<“’ i~ i-1>+“’ i-1'<yi‘yi-1>]'t2i+<yi‘yi-1>'<“’ i~ @ i-1>'t3i]'|i
i=1
rows(y) - 1
V200'= Z [Zoo oy te[a_plo -0 yre 13- )@+ (3-7_ (0 -0 )5
i=1
. rOWS(y)_lla].-y.—y._ (z-27_
Influence of 1 = <ﬂi +thi>'[<tli>2+ <thi>2]'4_lgl lyzi=lyz < — l>2< l>
thickness i=1 <Ii>
rows(y)-1 _ /_ 2 rows(y) - 1 vy )2
i=1 <II> i=1 <||>
rows(y) - 1 I
o= Z <tli+thi>-[<tli>2+<thi>2]-1—'2-1.05 | =8.425:10%mm’
i=1
zgc:=%’ Z g = 35.598-mm ly=ly- Azgd Iy = 1.325:10%mm’
Yo SKZ Y ge = 0emm =1 2= Ay g’ | ,=2.15110%mm"
lyz =l yzm 83;82 | yz=-181610 0mm’ 1y =1y -Sziw | yio= 1.057-10%mm°
2
=1 g -S% |y =943810%mm® 1, =1, -Syiw | 5= 520410 Somm®
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el y+ 2w yz
| 2
yz

Shear = 4.668-10 *4omm

centre I

Ysc

Iy-I

Z_ =

Zg -49.159-mm

Warping lw= 4.24.10%mm°®

constant

Polar radius
gyration

i p = 100-mm

+IZ

sl + (2o 2g0)”

5o |
| |
-50 50
Buckling of stiffened flanges
5.4.5 Local buckling, internal elements  i:=3,5..7
_ |250-MPa _ _ \2 2 2
e ’ M A
P 2 220
5.45(3)c) p g=if|—=<22,10,——- tefl =P .Ctli teth, =0 .Cthi
heat-treated ' £ Byl g i 2 ' ' ' !
unwelded e e t efl. . =p i¢t|i t efh._, =p iCthi
tefl, Cefh,
= P8 T
22.214.943](3.302[3.302
25.875|(3.501 |[3.501
_ 22.214.943(3.302 |[3.302
5.4.5 Local buckling, outstand elements i:=1,8.8
1 1
4 4 1
o 3_ \3. — \2 2.
tfic = if tli>thi,[<tli> thi] ,[(thi/ tli] B, = J(yi—yi_l/ +<zi—zi_1> oo
IC.
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B .
5.4.5(3)c) P o= if —|S6, 10,i - 24 tef] =P -Ctli teth =0 -Cthi
heat-treated I 3 ﬁ i ﬁ . 2 I I I ! t fic. t fl. t efh.
unwelded — =1 p = - . !
£ £ B, = € mm mm mm

3.858] 1| [6.506] [3.5]| 8
3.858| 1| [6.506] | 8] [3.5

Reference: Pekoz, T., Flanges of nonuniform thickness.
Aluminium Design Workshop, Cornell University Oct. 1997

Buckling of edge stiffener i=1.2 z,= 40-mm
; t -t t t -t
Effective efh, ™ " efl, ef,  “efh " Cefl
L=ty + ——— 2. = ¥
area I i 2 i 2 3
Length of _ 2 2
elements | = U(y Yo > + <Zi -4 1> ]
2t *leh ,
Area Z o, A =269-mm
2
Centre of 1
gravity Z i+ (-7 -t2i]-li =~ z, = 69.528-mm
=1
Second moment :
of area i=1.2 =2 -15(l,+th) 05 z=2 2, = 25.25.mm
Dti tIi Dti tIi Dti
Dt, := '[hi—'[Ii t1, = t|i+7 ’[2i :=E+? t3i :=E+T
Length of "~ 2 2 o
elements | .—“<y.—y._ > +<zi—zi_1> ] #u 1 J:r
2 tl + th ) e f I
Area Z Apq=3281-mm -
—effet
i=
2 2 _l‘_
Centre of 1
gravity Z 1t + y Yi_ > ] I A_l Y =45.218-mm
- r
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Second 2 ) )
moments = + 2y ey - V2. _ \
of Area Ir Z [(yI 1> t1|+2y|_1<yI Yy 1 t2|+<y| Yi_1 t3
i=1
z,:= 21-0.5
3 k=6.8 i=0.2 |=0.8
%5
Left: Cross section for B ;P
second moment of areal, !
based on t 1
Right: Effective cross section areaA, |
based on't i
o
o
°
S1=Y3" Y5 bqi=2, eoecoceoe
3
| .-(th
N, o = LOSE. rithy
' 15s7-(th,)’
%14 Lt
! by:{thy
Table 5.5 a:=02 A 1:=06 A
and 5.8
2 1
(5.37) ¢:=0.5-[1+a (A4 ¢=A q)+4 c]X =
’ 2 2
g+l -4 c
=12 tef =X fefl  leth =X fein
=78 tef =X fefl  leth =X fein
i=1.8
Length of 2 2
elements l -U<y| yi—1> +<Zi'zi-1> ]
8 ten tten ,
Area A off = 5 II A g = 904.9-mm
i=1

Axial force resistance, flexural-torsional buckling

Buckling length |:= L | = 1200°-mm
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| =1.668-10"mm’

b 1= 69.528-mm
S 100-mm

N o = 52.195:kN

p=1337
X 70547
tefl, tefh |
mm ) mm ) % )
1.913| (4.372| [25.101
1.805| |1.805| |38.875
3.302| |3.302| (38.875
3.501| |3.501 50
3.501| |3.501 50
3.302| |3.302| (38.875
1.805| |1.805| |38.875
4.372| |1.913| |25.101




Reference FEL, FEL, e, |
buckling N Ey N g, Npi=|Gls+ —
loads |2 |2 |2 / i 2
p
N gy = 635.91kN Ng, = 1.03-10°kN N = 475.37kN Guess: N:=02Npg,
Given (Ngy =N (Ngz= NJ(Np=NJi "~ (2= 2o "N (N gy = N) = (Y= ¥ o) "N (N g~ N)=0
Solution N ¢ == minerr(N) N o = 348.11°kN
General cross-section
Table 5.5 a =035 A 1:=04 koi=1
and 5.8
f A
- \ _ | o ef _
(A=A par) A = . A 0883
cr
(5.37) 9= o.5-[1 +a -</1 o=/ 1) + Cz]x = 9 =0974 x=0721

1
2 2
¢+I¢ -4 ¢

| min(z-2ge) |- max(z-2go)

Table 5.5 = min(z-z =-35.6-mm =-0.11
v ‘ min<z— ch\ ‘+‘ max<z— ch\ ‘ < gc> v
/ , / max <z— ch> = 44.4-mm
A
Table 5.5 Kqi=1- 244> ¢ k ; =0.996
1 ETERE 1
1+ c) -<1 + c
f
0
5.8.3 (1) Nopa =ik ko ——A N p Ry = 265.8°kN
M1
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