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DESIGN EXAMPLE 7 — SHEAR RESISTANCE OF PLATE GIRDER
Design a plate girder with respect to shear resistance. The girder is a simply supported
I-section with a span according to the figure below. The top flange is laterally restrained.
Fra=440 kN
v
‘ H hw
bt
1250 ‘ 1250 ‘
| |
Use material grade 1.4462, hot rolled. Table 3.1
f, = 460 N/mm’ Section 3.2.4
E = 200000 N/mm’
Try a cross section with
Flanges: 12 x 200 mm’
Web: 4 x 500 mm’
Stiffeners: 12 x 98 mm’

Weld throat thickness: 4 mm

Structural analysis

Maximum shear and bending moment are obtained as

F,
Vgg = 4 = 40 okn

2 2

FgyL
Mgy = E: = 440: 25 _ 275kNm

Partial safety factors

mwo = 11
o = L1
Classification of the cross-section
PR EECE N
460 210

Table 2.1

Section 4.3

Table 4.2
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Web, subject to bending Table 4.2
£ = M = 175> 74,8, therefore the web is Class 4.
te 4x0,698
Flange, subject to compression Table 4.2
c _ 200-4-2x J2x4 = 11,0 < 11,0, therefore the compression flange is Class 3.
te 2x12x0,698
Thus, overall classification of cross-section is Class 4.
Shear resistance Section 5.4.3
. . . . 23 .
The shear buckling resistance requires checking when 4, /t,, > —e&4/k, for vertically
n
stiffened webs.
a’h, = 1250/500 > 1, hence
2 2
h
k. = 534+4 2| = 534+4 300 = 598 Eq. 5.16a
a 1250
EN 1993-1-4 recommended value for n=1,2 Section 5.4.3
hylty = 390 =125 > 20,698 598 = 32,7
4 1,2
Therefore the shear buckling resistance has to be checked. It is obtained as
ht Eq.5.12a
Vora = Voera+ Vorma < M fywhatw _1,2x460x500x 4 57947 kN q
\/g 7M1 \/g x1,1
i Xl yw I by
bwRd =™ = Eq. 5.12
\/§7M1 9. 5120
Yo = n=12 for A, < 0,60/ = 0,5 Eq.5.13a
0,64 0,05 - B
rw = 0l1+=- 7.2 for A,, > 0,60/n = 0,5 Eq. 5.13b
I, = hy Eq. 5.15
37,41, ek, 4>
- 500
A = = 1,958 > 0,60/ =0,5
" [37,4 x 4 x 0,698 x 4/5,98J /
Hence the contribution from the web is obtained as:
rw = 011+ 064 _ 0,05 = 0,424
1,958 1,958
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h,t
Vs = Xwfyw b _0424x460x500x4 _ 474 kKN
\/57 Ml \/E x1,1
The contribution from the flanges may be utilised if the flanges are not fully utilised in Section 5.4.3
withstanding the bending moment. The bending resistance of a cross section consisting of
the flanges only is obtained as
Mira = 12x200x%x(500+ 12) = 513,86 kNm
Mira > Mgq =275 kKNm, therefore the flanges can contribute to the shear buckling
resistance.
2 2
Virra = DitiJyr || | Meg Eq. 5.17
Y m1 M rq
356 1 fyr c
c = 4017+ ————| but — < 0,65
ly hw f yW a
2
= 1250x] 0,17 +222200 X212 X460 | _ 338 mm < 0.65x1250 = 812 mm
4x500° %460
2 2
Voera = 200x12 x460>< - 275 _ 25.43kN
338x1,1 513,86
Vorda = Vowrda T Votra = 230,17 kN<  579,47kN
Transverse stiffeners Section 5.4.5
The transverse stiffeners have to be checked for crushing and flexural buckling using
a = 049, 1, = 0,2. An effective cross section consisting of the stiffeners and parts of
the web is then used. The part of the web included is 11e¢,, wide, therefore the cross
section of the transverse stiffener is Class 3.
alhy, = 1250/500 = 2,5 > V2 , hence the second moment of area of the intermediate Eq. 5.37
stiffener has to fulfil
I, > 0,75h,t) = 0,75x500x 4> = 24000 mm* Eq.5.37
3 3
I 2x (110,698 4) x4 + 12200 = 8,00x10° mm®*, hence fulfilled.
12 12
The crushing resistance is obtained as
Nc,Rd = Asf}‘//YMO Eq 4.25

A

(12x200+11x0,698x4x2) = 2461,42 mm’
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Nera = 2461,42x460/1,1 = 1029,32kN
The flexural buckling resistance is obtained as
Nora = Y Asfy !/ ymi Eq. 5.2a
x = 1 < 1
N 05 = Eq.5.3
o+ [gpz - 12] q
o = 05l+alr-2)+22) Eq. 5.4
— L
A = #lwffy—w Eq.5.5a
i =\ E
Le = 0,75k, = 0,75 x 500 = 375 mm Section 5.4.5
T - 375 1 /460x1 — 0,100
8x106 7 V200000
2461,42
p = 05x (1 + 0,49 x (0,100 - 0,2) + 0,1002) = 0,481
;- 1 = 105> 1 =z =10
0,481 + [0,4812 - 0,1002] ’
Since Noyra = Ncra > Ngg, the transverse stiffeners are sufficient.
Interaction shear and bending
If the utilization of shear resistance, expressed as the factor 53 , exceeds 0,5, the Section 5.4.3
combined effect of bending and shear has to be checked.
- VEa
753 = — <10
Voura Eq.5.23
— 220 . . .
73 = =1,075 > 0,5, therefore interaction has to be considered.
204,74
The condition is
— M — 9 — M
no+ [1- 2R o 1f < 10 for , > R Eq. 521
M rq pLRA
Where:
- Mgy Eq. 5.22
m
M rq
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Calculation of effective cross-section properties.
The flanges are Class 3 and hence fully effective.
The depth of the web has to be reduced with the reduction factor p, welded web.
_ 0,772 0,125 <1
Ap sz = Eq.4.1a
= b/t -
dp = ——— where b = d = 500—-2x4x+/2 = 488,68 mm Eq. 4.2
28,46,k
Assuming linearly varying, symmetric stress distribution within the web,
- 92 _
W = —_— = -
o1
=ks; = 23,9 Table 4.3
- 4 4
1, = 88,68/ _ 126
28,4 0,698 x 4/23,9
o _ 0772 0125 _ 0534 < 1
126 1,26°
ber = pb. = p b/(1-y) = 0,534x488,68/(1—(-1)) = 130,48 Table 4.3
be = 04begr= 0,4x130,48 = 52,19 mm Table 4.3
by = 0,6bg = 0,6x130,48 = 78,29 mm

Calculate effective section modulus under bending.

& is taken as positive from the centroid of the upper flange and downwards.

A = D A= byt x 24 bty + bty + (hy 12)t, = 632192 mm’

1 1
Ceff = _ZAiei = ——[ byt (0) + byt (R, + ¢ )]+ [ty (0.5(be; +2¢ )
Aty = Aty
+ byt (0.5(hy, +1¢)—bey /2)+ (hy, 12)1,,(0,75h,, +0,5¢;) | = 266,44 mm
3 3 3 3
- ) ) _ .32 bty twbel twaZ tw(hw /2)
Ieff le +ZAl(eeff el) =2x 12 + 12 + 12 + 12
1 1

+ bptp(eosr — O + bytplee — (g, +1¢)) + berty [eess = 0.5(be; +1¢ )
+ beztw [eeff - O,S(hw + l‘f + bez )]2 + (hw /2)tw [eeff - (O,75hw + O,Stf )2 ] 4
= 3,459 x 10* mm*
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Mira = 513,86 kNm (Sheet 3)
M, ra 18 the plastic resistance of the cross-section.
t,h’f, 4x500% x 460

= 51386 + ——— — = 618,40kNm

Myra= Mg +
pLRd f.Rd 4% w0 4x1,1x10°

Evaluate conditions
Mgg = 275 kNm, hence:
— 275

n, = = 0,44 < 1,0 OK
618,40

51 fulfils its condition. Now it remains to check the interaction.

2

n, o+ (1 _ Mirg J(z%3 = 1)2 = 0,44 + (1 = Z ;Z’igJ((z x1,075)—1)* =0,664 < 1,0

pLRd

It therefore follows that under the conditions given, the resistance of the plate girder is

sufficient with respect to shear, bending as well as interaction between shear and bending.
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- Mg
T M
pl,Rd

Eq. 5.22
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