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Example 4.3. Bending moment resistance of welded hollow
section with outstands. Class 2 cross section

Half top flange a:= 150-mm Half hollow width ¢ := 96-mm f o= 200-MPa
Half bottom flange b := 66-mm Width of HAZ haz := 30-mm y mf 1l
Section dept h:= 99-mm HAZ reduction P nhar 08 MPa=10°Pa

Flange thickness d:= 15-mm

bz haz . b
Web thickness w:= 18-mm zi=e- (c-b) l, &
J(c-b)2 412
Bottom flange t. t:=18-mm
Type of element hy s haz h '-I' -
- Internal element: T =0 =
-Outstand: T >0 J(c-b)2+
0:= 0‘mm
Nodes, co-ordinates (y, z), thickness (t) and types (T)
0 -a ° 0 0 Comments:
1 -c- haz o} d 1 Node 10 and 13
5 e o d 1 indicate shift in neutral axis.
Element 1-2, 2-3, 4-5, 5-6, 8-9
3 -c+ haz o} d 0 and 14-15 define HAZs.
4 c- haz o} d 0
5 ¢ ° d 0 This solution of the example is
6 ¢+ haz o] d 1 comprehensive because:
1. Calculations are shown in every
7 a o} d 1 detail
= y = Z:= t:= T:= :
8 C o o 0 2. It covers all classes of cross
section
9 bz -hz w 0 3. The possibility to increase the
10 0.5-(c + b) -05h W 0 effective thickness for elements not
fully stressed is shown. The iteration
11 b -h w 0 procedure is then mandatory.
12 b -h t 0 However, in this example, the result
is almost exactly the same as if a
13 -0.5(c+b) -0.5h w 0 simplified method was used, that's
because there is no reduction of the
14 -bz -hz w 0 web thickness due to local buckling.
|15 | i -C ] | O | W | 10 |
The beam is composed by two extrusions. The weld is
close to the neutral axis why HAZ softening does not ~ ©
influence the moment resistance.
Nodes i:=21.rows(y)-1 rows(y) = 16
Area of cross [ 5 5| -100 | |
section dA =t J Y - Y, +(z - ] -150 -100 =50 0 50 100 150
elements i i < i i— 1> <Zi Zi - 1>
Cross rows(y) - 1
section A= Z dA
area _ ! 4 o
i=1 A =1.06-10 -mm
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First rows(y) - 1 dA S
moment S. = Z + ! , =Y
of area y o <% 4- 1> 2 LA
Gravity centre = Zge = -39.581mm
Zge.gr = %gc
Second rows(y) - 1 , , dA gc.g g 2
moment |, := Z [ Vet +2Z- ]_ lyi=1ly-Az
momer o Y R y=ly= Azge
= _ _ PPy -
lygr=ly = 188510 mm
Elastic section . . y y
W = ifl max(z- z 4. > min(z-z
modulus el ( < acy ‘ < 90> : —7z Vlminlz=2z.)
max<z Zgc) ‘ m|n<z Zge) ‘
W =3.172:10%mm’
Torsion rows(y) - 1 <t.\2
constant for Lty = Z da " 'ty = 9.963-10°mm”*
open parts _ '3
i=1
Hollow part, (nodes 2, 5, 11, 12 and 15)
[y, ] o [ 2] o t o
2 -96 2 0 ! 15
Y5 9% % 0 t 15
y h = yll y h =| 66 [emm Zh = 211 Zh =1-99 [emm t h = tll t h =118 [emm
Yip -66 Z, -99 t12 18
-96 | | 0 | ) 18|
Y15 | 45 | 14
rows(y h -1
Area within _ \ \ _ 4 2
mid-line Aty = Z 0.5-<y h~ y h_ ) '<Z h + Zhi _y Aty = 1.604-10"-mm
i=1
\
fl rows -1 2 2
Sum of I/t <yh/ J(yh.‘yh. l\ +<Zh.‘zh. l\ ”
Dn = Z iff >0 1 1- /t Bt T Dn = 31.627
i=1 i
4A 2
Torsion constant ~ “"tu _ 7 4
for closed part lt= Dn I'{=3.253:10 smm
Torsion constant _ 7 4
whole section Tl Ty I{=335310 -mm
Torsion _ ' \ . \ _ 5 3
resistance Wy = 2A g min(ty) min(tp,) = 15.mm W,, = 4.811:10%smm
Zgc= -39.581-mm
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Effective cross section First iteration

-z Zd. = ZI -z C

5.4.3 (1) g =1 j=9.11 b= %8~ %gc Vipa= ¥ i g ‘
217 %gc maxz:=max<zd>
. 0.8 .
(5.7 or 5.8) g =if[¢ >-1,07+030-¢ Outstand g = |f<Ti>0,1,gi>
1-y¢, Figure 5.2
Yo~ Yo~ 0515
5.4.3 (1) c) k=1.2 B, — Beys=PB i
2
Y
|:=3..5 = L
11 ys <le_28\2
) )
flt>0, g A B h
250 MPa max z \
5.4.4 (5) £ o= f = 4 ‘z /-<zi_12290>,£ i,99] £ 51118
gc\

5.4.5 (3) )
a) or c) B £ £ £
non heat p =if T>0 if —>4 8—— 16— Jif —>15 25—— 150-|— | ,1.0
treated, welded © 'B i B 'B i
Effective _ v
thickness Ueif o= <p ¢
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Heat Affected Zone

Flange

Web

Area of effective
thickness
elements

Cross
section
area

First moment
of area

Gravity centre

TALAT 2301 -

Yhazf=P hatz  Uhazf=12-mm
thazw=P hale  thazw = 14-4-mm
ni=2.3 teff = if<teffn>thaz_f,thaz_f,teﬁn> tef, = leff
Vetty = f{teff > hazw hazw Ueffy) et = ety
Bi
(/ji = gi = ’Bi = gi = £ i p IC_
1 1 3 1.37 2.19 1
1 1 3 1.37 2.19 1
Comment: 1 1 11.6 1.37| |8.468 1
& was dgven a large value (99) 1 1 11.6| 11371 [s468] | 1]
for elements entirely on 1 1 11.6| [1.37] [8.468] | 1]
the tension side 1 1 3 1.37 2.19 _1
1] 1 3| [1.37] | 2.29] | 1]
1 1 0 1.37 0 1
-0.666 | (0.5 2.874 1.37| |2.098 1
-0.666 | (0.5 2.874 99| [0.029 1
-0.666 | (0.5 2.874 99| [0.029 1
1 1 0 99 0 1
5 5 -0.666 | (0.5 2.874 99| [0.029 1
- , B \ B \ —
dA, = et J(yi Yi_q) t <zi z_,)"| |-0666][05] [2874] | 99] [0.029] | 1]
-0.666 | (0.5 2.874 1.37| |2.098 1
rows(y) - 1
Aeff = dA A = 1.06-10%mm?
i=1
_ 4 2
Aeff =1.002:10 "-mm
rows(y) - 1
S, = <z| + ZI >ﬁ Sy
y -1 - Zge=—— Zgc = -41.546°-mm
i=1 A eff
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Effective cross section Second iteration

Node 10 and 13 is moved to the neutral )= ch+ 0.01-mm z4:= ch* 0.01:-mm
axis from the first iteration
o -
Yi0'= Y5~ Z'<y5 - y11> Y13'= Y10
1
-z Z4=Z-24c
5.4.3 (1) g=1 j=9.11 7 3k, et ' %
-z - (
17 %gc max , = max\zd>
. 0.8 .
(5.7 or 5.8) g =if[¢ >-1,07+030-¢ Outstand g = |f<Ti>0,1,gi>
-¥ Figure 5.2
Y~ ¥~ 054 Y5 Yo~ lig
54.3()c) ki=1.2 By :=t— ,Bk+5:=,8 K [:=3.5 B :=t—
2 4
\2 \2
. J<y11' Yg, T <Z11' %,
B j= if tll>0,gj- " 1 ﬁj+4:=,8 j
11
250-MPa
- - i \ _
5.4.4 (5) £ o= ’f— £=€ £ = |f[ <zi zzgc/-<zi_ 12290>,£ i,99] £ 51118
0

5.4.5 (3) ) )
a) or c) . B € € B £ £
non heat p c= if Ti>0,|f —>4,8—-16-\—| ,1.0|,iff—>15,25—— - 150-|—| ,1.0
treated, welded ' € i B £ i B
Effective _ 3
thickness Ueff = <p ¢
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Heat Affected Zone

e = if(t o >t 't o ) t =1
eff = if{teff >thazt thazt teff, offy . = leff
t e = if(t o >t 't 't t =1
effy = 1| ettt hazw:t hazw-t eff, off = Leff,
B, ) t eff
= T, %= 9= ﬁ,z P = £ € mm
1] 1 1 1 3| [1.315][2.282] | 1 15
2| 1 1 1 3| [1.315][2.282] | 1 12
3| d 1 1|[ 12.6] [1.315][8.823] | 1 12
4| d 1 1|[ 12.6] [1.315][8.823] | 1 15
5[ d 1 1|[ 12.6] [1.315][8.823] | 1 12
6| 1 1 1 3| [1.315][2.282] | 1 12
7\ 1 1 1 3| [1.315][2.282] | 1 15
8|l d 1 1 0| [1.315 ol [ 1 0
9|l d-0.723|[0.483][2.776| [1.315][2.112] | 1| [144
10|[ d-0.723|[0.483][2.776] [1.315([2.112] | 1 18
5 11|| d-0.723|[0.483([2.776 99|{0.028] | 1 18
Max slender-  § g=if| T,>0,0,— 12)/d 1 1o [ 99l of [ 1] [ 18
ness ! L 13|| (-0.723|(0.483(|2.776 99 (|0.028 1 18
- Internal A Y
14|| d-0.723|[0.483][2.776] [1.315([2.112] | 1 18
o~ MaX — —
elements A imaxc <’B e> 15| d-0.723|[0.483][2.776| [1.315][2.112] | 1| [14.4
B imax = 8823
. B
Max slender- B g=if Ti>0,—,0
ness ! L
- Outstands
B Oma>:<=max<ﬁ e>
B Omax = 2282
Cross section  dlass| = if(8 |yax? 1if(B |max<1L.2,if(B |max<15.3.4))) class| = 2
class
o . . \ _
(5.15) dassg=if(8 omex2 Lif(B omax<3:2.if(8 Omaxs4:3.4))) dassq =2
class:= if<c|ass|>classo,class|,classo) class=2
Area of effective 5 5
thickness dA = |t J yo-y +(z-z .
elements i effi <| i-1 <Z| Z|—1/
rows(y) - 1
Area of
effective A gff = Z A, A = 1.06-10%mm?
cross section i=1
A gt = 1.002:10%mm’
First rows(y) -1
moment dA, Sy
of area. Sy Z B+a_y)— ‘gcT
Gravity centre =1 eff
=-41.546-mm

ch
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Second

moment of

area of effective  !y*=
Cross section

rows(y) - 1 A

PN R RN EI

i=1

Section
modulus

z4 = Zi_zgc‘

|
Compare

gross
section

Zd =4~ “gegr ‘

Heat Affected Zone

Reduced thickness in HAZ h:=2.3

th =p haih th+3:_

8] [ PRI
rows(y) - 1
Ade= Z dA

Area

Area of
effective
Cross section

First

moment

of area.
Gravity centre

Second

moment of

area of effective | y =
Cross section

rows(y) - 1 A

N [ I T o=

i=1

Section
modulus

Zdi = Zi‘zgc.e‘ maxz_ele:max(zd)

Plastic section modulus

rows(y) - 1
Area of . 2 2
effective Apl’ [ti '\/<yi Yioy) (377
cross section i=1
Cross section 7 - 2]
area of upper = , _ _
part P Aup Zl b J(yi Yi- 1> * <4 4 1> +2
| =
A = o
Move node 8 e A up zy=-28.711-mm
to plastic -7 _ .
neutral axis 20" % t +t, 43'= 4o
) -
Y107 Y5~ —-<y5 - y11> Y13="Y10
4
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| ff = y— Aen:-ch
| off = 1.809-10 emm”

| eff
W g = 3.149-10%mm°
maX 7 eff
|
L W g =3.172:10%mm’
max z gr
Y950 hatn 5P hadn
A = 1.06-10"mm”
A o= 9.736:10%mm”
z = i
C.e’
? Ade
Zgce~ -42.351-mm
lgei=ly-A 2
de='y AdeZgce
| 4= 1.785:10"emm*
|
de W g = 3.151:10%mm”
maxX 7 ele

W =3.172:10%mm’

A = 1.06-10%mm?

A p) = 9.736-10%mm’

'_t9'\/<y9‘ ys)z +(%- 28)2]

= 4.716-10°-mm’

Aup

Z,5= -44.934.-mm

Y10~ 82.384-mm



rows(y) - 1
Plastic section ‘
modulus

i=1

Shape factor

Wele

11+
W

(5.15) a g

15-8 Imax VVple_l
15-11 Wge

@ gF 1467

i \
¢ gifla g<a 30,0 3.0 30

W
class<3,— P it

W

a=if class<4,a 3,——
W

1005055

—150

—100
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Wple'= 2. *'[ti 'J(yi Vi

W et |

o/

\2 \2 - 0B a3
)t (-7, } W e = 4.123:10%mm
w
Ple_ 13
el
Wele 4-F omex Wple
a 3¢ 11+ - -1
Wy 4-3 Wge
a 3 152
a 51467
class=2 a=13

200

Elastic neutral axis:

- first iteration  dashed-dotted line
- second iteration  dashed line
Plastic neutral axis dotted line



Bending moment resistance

f 5 3
0 W 4 =3.172:10"-mm
(5.14) MyRdi= @ Wy o
Y M1 s 3
Wple =4.123-10"-mm
M y.Rd= 75°kN-m
Cross section class=2 a=13
class
A gt = 1.002:10%mm’
| f = 1.809-10"omm*
I I
0 e\ [I3
-50 [~ _
ool B & i
| i i |
-150 -100 -50 50 100
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