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Example 9.1. Tension force and bending moment

Dimensions and material properties

—F ]
Flange height: h := 200-mm s ol J.-
Flange depth: b := 140-mm ’

¥ .

Web thickness: ty = 12:mm e . u: s
Flange thickness: t¢:= 6:mm
Length: L:i=2m
Width of web plate:  C— 1]
by=h-2ts by = 188-mm

[1] Table 3.2b Alloy:EN AW-6082 T6 EP/O t>5mm

newton newton
f 0.2 = 260: fyi=3810——
mm mm | /
LI'L—-.]_ J_LL-—'-"'“_
[1] (5.4), (55) fg:=fqo fa=fy H--HLIU,J“—*
. Bending moment
0
[1] (5.6) fy=— f,, = 150-MPa [ syt A
Jg _ataral bucklirg
E := 70000-MPa G = 27000-MPa
Partial safety factors:  y 51.10 YV m2=125
Moment and force
Axial tension force and excentricity N gq = 140-kN exc := 114.286-mm

Bending moment

Web-flange corner radius

S.1. units

kN = 1000:newton

M yEd =N Ed-exc M yEd = 16-kNm

ri:=4.-mm

kNm=kN-m MPa=1000000-Pa

Classification of the cross section in bending. Effective thickness

b
Web B i 040"
tW
[1]Tab.51 P 17 %¢
545 dlass,, = if(f zf
4. .

Local buckling: p 7 if
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<18,

250-MP.
B 76267 £ ’ 20 -MPa £=0981
fO
wif(B wh owif(B wh 3w 4.3).2).1) class,, = 1
29 198 .
1.0, - 5 tef = |f<classwz4,tw-p cvxfw) P ool
€ / £ t\w.ef = 12.0-mm



Flanges P b-tyy

F B 1f=25¢c B pde B aF5¢ B §21.333
[1]5.4.3 L
[1Tab.5.1  classg=if(8 38 11.if(B B (B B 3.4.3).2).1) class¢ = 4
[1]5.4.5 5
. . f 29 198
Local buckling: p ofF If|—=18,1.0,——— - — P of 0915
£ (ﬁ i (p ;
e |\
tfefi= if<c|assf24,t FP off f> tfef = 549-mm
Classification of the total cross-section:
= \ -
class:= |f<classf>classw,classf,classw/ class=4
Cross weld
[1] Tab. 5.2 HAZ softening factor P nhar 065
Effective thickness, flange tihaz=P hazls tf haz = 3:.9°mm
tref = if(trer<tfhaz  fef  fhaz) tfef =39-mm
Effective thickness, web twhaz=P habt t\w.haz = 3-9°mm
Cw.ef = if<t w.ef<twhaz tw.ef: W.haz> tyy.ef =39°mm
[1]Fig.5.6  Extentof HAZ iweb (MIG-weld) tq:= 0.5-<t W+tf> t 1 =9-mm

b haz = if<t 1>6-mm, if<t 1>12:mm, if<t 1>25-mm, 40-mm, 35-mm> , 30-mm> , 20-mm> b haz = 30°mm

Bending moment resistance

[1]15.6.2 Elastic modulus of gross cross sectionWg: n
D

Agr=2btg+(h-2t¢)t,, A gr = 3.936-10°mm’ o F
_171,.,3 \. . 3] _ T4
Igr.-E[bh—<b—tW/ (h-2ty) | gr =2.246:10"mm
| g2 s 3
Wel = h Wel = 2.246-10"-mm
Plastic modulus ———
1 2 \2 _ 5 3
Wp|e:=z-[b-h oty (h-210?]  Wpye=26910%mm

Elastic modulus of the effective cross sectiortWge:

ty= 6.mm tief = 3.9-mm tyw= 12.-mm tef = 3.9-mm

Allowing for local buckling and HAZ:

3 2
Aife=Agr =D (ti—tief) = Dhaz(tw-twef) A gffe = 3.399-10°mm
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Shift of gravity centre:

h b haz
ty-

2 2

. 1
A effe

Second moment of area with respect to centre of gross cross section:

h Ut \
b'<tf—tf'ef>' E_E> +bhaz'<tw‘tw.ef/' €ef = 14.038-mm

eef:=

2 3
n b1 Phaz
2 2/ 12

<tw‘tw.ef> - bhaz'<'[w‘tw.ef>'

——tf-——

2
h b haz
2 2

leffe = gr = D(tr=ther)

| effe = 1.816:10"omm”
Second moment of area with respect to centre of effective cross section:

2 _ 7 4
| effe =1 effe ~ eef ‘A effe | effe = 1.749-10" -mm
| effe 5 3
Weﬁe = h Weffe =1.533:10"-mm
—+e
5 e
. W effe
[1] Tab. 5.3 Shape factor a for welded, class 4 cross-section a = W a =0.683
e

Design moment and axial force resistance of the cross sectiontMy rq and Ngq)

f aW f A
o] d o effe
[1] (5.14) M yRd=———— Npg=—— M y.Rd= 36.2°kNm N rq = 803.4-kN
Y w1 Vo m1
Section check
[1] (5.42a-c) Class 4 cross section: n ¢l y o=1 § =1
70 Yo

N M
[1] (5.40) el MyEal o

N Rd) My Rd)
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Lateral-torsional buckling
[1] 5.9.4.3

3 3
2b™ty ht, 6 4
Lateral stiffness constant I 5= — | ;=2.773:10"-mm
12 12
2
. . <h -t f) 1z 0 6
[1] Figure J.2 Varping constant: = — I'w =2.609-10"">mm
2bt+ht,,> s 4
Torsional constant: Iy:= — I'{=1.354-10">mm
Length L =2-m
[11H.1.2 Moment relation Y=1 ¢y =1
[1]H.1.2(6) Cj- constant Cq=188-14¢+052.4 ° Cq=1
Shear modulus G =2.7:10*MPa
C FE,
[1]H.133) M= > : Wy =Wy M ¢ = 62.517kN-m
a -Wy-f o
[1]5.6.633) A |4+ |——— A 7079
Mr
[1]5.6.6.3(2) a | y=if(class>2,0.2,0.1) a 702
A oLi=if(class>2,0.4,0.6) A oLT 04
= \ 2 _
[1]5.6.6.3(1) ¢ | 0.5-[1 va p(h Lr-A our) A LT ] ¢ L0859
1

L
2 P 2
LTH)? LT 4 LT

Design moment and axial force resistance of the cross sectioiino HAZ)

foWg f

Y M1

N Ra=
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‘A
M c.Rd =45.2-kNm N Rd = 930.3°kN

Vo m1



Lateral-torsional buckling check

[1]5.9.3.1

[1] (5.38)

[1] (5.39)

W ved© 0.8 WCOm = WEI
; | My Ed v N Egqg
com.Ed™ Y vec
W com A or

O comEdF 42.8-MPa

MetfEd = Weom? comEd

MetfEd < McRd
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_ 3
Agr =3.936:10"-mm

OK!

2

N gq = 140-kN
My Eq = 16°kNm
M eff.Ed = 9.61°kNm

M ¢ Rq = 45.196°KNm
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