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Modern plate girders are normally fabricated by welding

together two flanges and a web plate. Such girders are
capable of carrying greater loads over longer spans than is
generally possible using standard rolled sections or compound

girders
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Plate girders are typically used as long span floor girders in buildings, as bridge girders, and
as crane girders in industrial structures.
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Plate girders are at their most impressive in modern bridge construction where main spans
of well over 200m are feasible, with corresponding cross-section depths, haunched over
the supports, in the range of 5-10m. Tapering and Cranking are also common sections’

variations.

|

\ Taper '
/ Haunch

Haunch =

Notes

Splices not shown

Camber not shown

Variation in flanges not shown
Variation in web not shown
Variation in material strength
not shown
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Plate Girder as Roof Beam
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Plate Girder as Bridges
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Plate Girder as Crane
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There are several forms of plate girder;

1- Unstiffened 2- transversely
stiffened 3- transversely and
longitudinally stiffened.

The three girders shown have
bisymmetric I-profile cross-sections,
although flanges of different size are
sometimes used, Other types of cross-
section are monosymmetric I-profiles,
which are popular in composite
construction with the smaller flange on
top or as crane girders with the larger
flange on top.
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Flange plates
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Flange plates
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(a) Unstiffened plate girder Web plate
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Figure 2 Stiffened and unstiffened
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The three girders shown have
bisymmetric I-profile cross-sections,
although flanges of different size are
sometimes used, Other types of cross-
section are monosymmetric I-profiles,
which are popular in composite
construction with the smaller flange on
top or as crane girders with the larger
flange on top.
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Shear studs
for composite
construction
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{a} Monosymmetnc |-section plate girder

b} Monosymmetric crane giders

N

b | IS

(e} Delta girder {d} Tubular top flange girder
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There are also two other
(less common) variations -
the "delta girder"” and the
tubular- top-flange girder -
both being possible
solutions in cases of long
laterally-unsupported top
compression flanges prone

to lateral-torsional buckling.
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There is also considerable scope for variation of cross-section in the longitudinal direction. A designer may choose
to reduce the flange thickness (or breadth) in a zone of low applied moment, especially when a field-splice
facilitates the change. Equally, in a zone of high shear, the designer might choose to thicken the web plate.

3000
3000kN BMD
100kN/m SFD (kNm)
< 30m > . : “ WW
| | 3000 25000 133750
< (1) ok @) >k (1) > < (1)< @2k (1) >
(a) Loading diagram (b) Shear force diagram (c) Bending moment diagram
A=1010cm | A=1320cm’
Zone (1) : Low moment & high shear Zone (2): Low shear & high moment
= = = =
900mm Wide x 40mm 900mm x 60mm
Thick flange plates gsoomn;, flange plates . §
Y =
" Y A
ITs%at || 2420mmx y=12mm [ LF10mm Il 5380mm x
End || 23C0crs 12mm web 3 10mm web 2500
post throughout plate . plate
- i ] ¥
Splice - Chamfer at

1in 5 max. slope
(d) Plate girder details ‘
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3-1 Approximate Common Practice

Web depth

The depth , h, will usually be in the range
Span/12 < h < Span/8

Flange breadth : The breadth, b,

will usually be in the range h/5 SL) < h/3 I

Flange thickness: The flange thickness, tf,

will usually at least satisfy the requirements
of Eurocode 3 (Table 5.3.1) for Class 3

(semi-compact) sections, i.e. C/tf <14 €

Web thickness: tw , “as thin as possible for
weight control => Class 4 section |” .

Overall depth h

w chorg (scluwder)
an

|.dl"

Overall flange width b |

|

.|l'"|

Outstand

e
o

width ¢  cf

< Web thickness t "

1

Plate girder proportions

Flange thichkness t f

Cw

Clear web depth d |
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3-1 Approximate Common Practice

Overall depth h

Web thickness will determine the exact basis
for web design, depending on whether the
web is classified with regard to shear
buckling as "thick" or "thin“. Thin webs will
often require stiffening; this may take the
form of transverse stiffeners, longitudinal o
stiffeners or a combination. Longitudinally

stiffened girders are more likely to be found in

large bridge construction where high d/tw ratios

are appropriate, e.g. 200 < d/tW <500

| Overall flange width b _|

| ’|

Outstand

e
o

width ¢ ,Cf|

< Web thickness t "

1

Plate girder proportions

Flange thichkness t f

Cw

Clear web depth d |
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3-1 Approximate Common Practice

| Overall flange width b |
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3-1 Approximate Common Practice
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3-1 Approximate Common Practice
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3-1 Approximate Common Practice
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3-1 Approximate Common Practice
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3-1 Approximate Common Practice
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3-2 Practice To EC3-BS EN 1993-1-5

I-) Web depth :, h,

Advances in fabrication methods allow the economic manufacture

of plate girders of constant or variable depth.

Traditionally, constant-depth girders have been more common in buildings

; however, this may change as designers become more inclined

to modify the steel structure to accommodate services.” Recommended span-to
Depth ratios are given below.

Recommended span-to-depth ratios for plate girders used in buildings

Applications Span-to-depth ratio

(1) Constant-depth beams used in simply-supported combcrsite girders, 12 to 20
and for simply-supported non-composite girders with concrete decking

(2) Constant-depth beams used in continuous non-composite girders 1510 20
using concrete decking (N.B. continuous compaosite girders are
uncommon in buildings)

(3) Simply-supported crane girders (non-composite construction is usual) 10 to 15
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3-2 Practice To EC3-BS EN 1993-1-5

II-) Flange breadth :,( b, or Cf ), Flange thickness: , (tf),
Web thickness: (tw ,or w) :

In general, the slenderness of the cross-sections of plate girders
used in buildings should not exceed the limits specified for Class 3
cross-sections (presented in Clause 5.5 of BS EN 1993-1-13,

even though more slender cross-sections are permitted.

The choice of plate thickness is related to buckling of the cross-section. If the plates are too thin
they may require stiffening to restore adequate stiffness and strength, and the extra workmanship
required is expensive. In view of the above, the maximum depth-to-thickness ratio of the webs
(cw/tw) of plate girders in buildings is usually limited to:

cw/t, <124¢€

The outstand width- to-thickness ratio of the compression flange (¢ f/ t f ) is typically limited to :

ci ity < lde

cw, and cf are the flat element widths, measured from the edges of the fillet welds (or root radii
for rolled sections). For initial design purposes, when the weld size may be unknown, it is
conservative to ignore the weld and take c, = h, (the distance between the flanges) for webs and

cf = b/2-tw/2 for outstand flanges.
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3-2 Practice To EC3-BS EN 1993-1-5

II-)Flange breadth : ,( b, or Cf ), Flange thickness: |, (tf),
Web thickness: (tw ,or w) :

Changes in flange size along the girder are not usually worthwhile in
buildings.

For non-composite girders the flange width is usually within the range

Steel section

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3

0.3-0.5 times the depth of the section In-situ concrete
(0.4 is most common). F=3 ¥ - .
For simply-supported composite girders F B .
these guidelines can still be employed for 7 |
o . ) Profiled” * Transverse
preliminary sizing of compression flanges. steel decking reinforcement
The width of tension flanges can be increased by 30%. \Shear stud
connector
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3-3 Proportion to Service and Buckling Performance
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3-3 Proportion to Service and Buckling Performance
Ab\ilitvl \
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3-3 Proportion to Service and Buckling Performance
Ability Web ’3(&&%’\ A

A further serviceability consideration, though one that can also contribute

to fatigue failure, is that of web breathing. Web breathing refers to the
recurring out of- plane deflection of the web (due to plate buckling)

under variable loads. It is principally associated with bridges due to the
repeated nature of the loading; web breathing may be neglected provided

slenderness criteria set out in Clause 7.4 of BS EN 1993-2 are met.

The following minimum web thickness values are prescribed in Clause 8(1) of
BS EN 1993-1-5 to avoid the compression flange buckling into the web (i.e. flange induced
web buckling).

hw f}'f At'n:
kK W ENA,

where Ay . is the cross-sectional area of the web, M’c is the effective cross-sectional
area of the compression flange.
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3-3 Proportion to Service and Buckling Performance
Ability

A minimum web thickness is needed to prevent the compression flange
Buckling into the web (see Clause 8(1) of BS EN 1993-1-5) and to ensure

satisfactory serviceability performance including, for example, avoiding

unsightly buckles developing during erection and in service.
The buckling resistance of slender webs can be increased by the provision of web
stiffeners. In general, the webs of plate girders used in buildings are either unstiffened

or have transverse stiffeners only . Minimum web thickness values to avoid serviceability
problems are not prescribed in BS EN 1993-1-5, but the following values, taken from BS 5950-1,
are recommended.

h,, i
For unstiffened webs, , =2 —— :
250 E T
For transversely stiffened webs, ’
For a > hy, i, > fty "hy
250
oY g N fy
For a<h,, i, > i — T |
250 )\ hy , = | I
ch i i
a
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T

3-3 Proportion to Service and Buckling Performance
Ability

k depends on the utilization of the section in bending:

k = 0.3 when plastic rotation is utilized (i.e. the formation and rotation
of a plastic hinge in the member as part of a collapse mechanism);

k = 0.4 when the plastic moment resistance is

Utilized ; and

k = 0.55 when the elastic moment capacity is utilized.

Local buckling of the compression flange may also occur if the flange plate is of

slender (Class 4) proportions. In general there is seldom good reason for the cf/tf
ratio of the compression flanges of plate girders used in buildings to exceed the

Class 3 limit of 148 set out in Clause 5.5 of BS EN 1993-1-1.
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3-3 Proportion to Service and Buckling Performance

Ability

Buckling
tvpe

IHNHiustration

[Euvurocode 3
clauses] and
ESDEF lectures

Shaear
buckling
of welb

[5.6]1

Lecture 8.4 .2
Ea8e.4.3

Lateral-

Torsiomnal
buckhing
of girder

=.5.2 and
ASAonmex F1

Lecture 7.9

Local
buckhng of
COoOMm pression
flange

[5.3 and table
5.3.7 (sheet 3)]

Lecture 7.3

Compression
buckhng
of web

[5.3 and table
5.3.7 (sheet 1}]

Lecture 7.6

rlange by, (5.7.7]

imnducsd k A

buckling of | |

the web 3

Local Dhistributed Concentrated Bending [5-7-4: 5-7-5;
5.3.6, 5.4.10]

buckhng of
wweb {(due 1o
vertical load)

R == =
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3-4 Worked Example 1

The plate girder shown below is fully laterally restrained along its length. For the
design loading specified below, design a transversely stiffened plate girder in S275

steel,

9350 , 11300 T 9350

W
G, + Q, -F"’/_UB \‘T Gy + Q,
J L

30000 )
Plate girder span and loading

UDL =gy + g
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Actions (loading)

FPermanent actions: UDL

Point loads
Variable actions: UDL

Point loads

Partial factors for actions

FPartial factor for permanent actions
Partial factor for variable actions
Reduction factor for permanent actions

ULS combination of actions

Design UD L

Design point loads

g =25 kN/m
Gy =200 kN
g =40 kN/m
Oy =450 kN
Yo =1.35

Yo = 1.50

& =0.925

F,=(1.35 x0.925 x25) +
(1.5 x40) =91.2kN/m

Fi=(1.35 x0.925 x 200) +
(1.3 x450) =925 kN

BS EN 1990

3-4 Worked Example 1

Dr.—-Eng.

Moaid Subh..... Plate Girder to EC 3
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Design shear force and bending moment diagrams

The shear force and bending moment diagrams corresponding
loadys are shown below.

925kN| 912 kN/m lQEEkN

1550 J[’,SEIDDJ,EEUD’, 5650 [ 5650 |,3800 BEDI':'!J,
F

h,ﬁ'\‘_

2152

2293 1796

A B C D E
Shear force kN

17453
Bending moment kNm

18809

Design shear forces, bending moments and stiffener spacing

3-4 Worked Example 1

to the ULS design

1550

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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3-4 Worked Example 1

Proportion

Initial sizing of plate girder

The recommended span/depth ratio for simply supported non-composirte plate
girders ranges between 12 for short span girders and 20 for long span girders.
Herein the depth is assumed 10 be span/15.

_span _ 30000

hw - = 2000 FrLr \-:t

15 15 .

2o hpo b e
%@@ <151 %O
oo Pl < bez

Cloose bl — 500 #m g
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3-4 Worked Example 1 ¥ \ # 75 f

b,[*l/'f 590 % 20 = 40 oooMM
Web

PRovision SHfFerers
o > seloecler b 14

g/?/ " ,&% c/aw_,(?é

Zooo - 145
tw <7 a1 ¢

=5

The minimum web thickness for plate girders in buildings is usually t, = h./124¢ io
ensure a non-slender section. Assume the web thickness ¢, = 15mm, slightly less
than that required for a Class 3 section due to proposed transverse stiffening.

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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3-4 Worked Example 1

1
Y X
= T %20

7¢

)
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3-4 Worked Example 1

Web ched<ing for Service ond Budkling -

a
Atd Wee Plany

K “ //
T# )
&' 24 / <\ g
1< / N 1
\
\

Tlang Backcl Web B“*";? Web Bresting
&w'wﬂ Eredion

sz_ %’m |
" ) 2999 _ % ww — ok
250
Z) chedk Lor criteria
buy(be ) (1) [ AL

K-Ug5 Wdo (s seleader

e

Mc= Ap (No local Budling 0 ccure)= f0000 pa?
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3-4 Worked Example 1

A»Wz 15 % 2000 = 40 080 Wyt

ﬁo hw (ﬁf;x

“
\ .,
I

IS ( 2000 2;( A0 000
— 4% ZA@ OOOB EL ooo

JSK

- -Zé Wy
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Bending is mainly taken up by the flanges => tensile/compressive stress=> Class 1 section.

Web subjected to direct bending stress and shear stress

Stiffeners and end posts : To prevent buckling due to bending and shear as well as local

'pﬂ1.1111ﬂf\ b | ﬂf]f\f 1’\(\4‘/\1& 11\“[4(1
1A1i1ulrev Uuliuuvil J:)CLL\AJ 1aun
B
100kM/m l’iﬂﬂﬂh«l
LERERaRRY ;u:lum
- A0 >
< (1) > (2 == (1= (1)
ia} Loading gFagram th) Shear force diagram (¢} Bending mprment diagram

A=1010eny . A={1320cm-
Zone {1} : Lovw moment & high shear Zona (2} Low shear & Hgh rm:lnlgn't
SO0 mirm Wida » 40mm HE}DDW'E G000 et = B0
Thick flange plates ; flange plates

ms®at | 24%0mmx w1 2mT L2 10Mmi amap .
2000 crs 12mm web -
l. throughout || plate

Splica - C-hamfer at
1.in'5 max. slope

i
End
puat_—

2200

(d} Plata girder datails
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A.) Bending resistance to EC3 -BS EN 1993-1-1

Determination of the moment resistance Mic,Rd of laterally restrained plate girders

depends upon the co-existent level of shear force. Provided that the applied shear
force is less than 50% of the plastic shear resistance Vpl,Rd (for webs that are not
susceptible to shear buckling) or 50% of the shear buckling resistance (for webs

that are susceptible to shear buckling), the section 1s deemed to be in a state of low

shear and the full in-plane bending resistance Mic,Rd can be achieved. Cross-section bending
resistance should be determined in accordance with Clause 6.2.5 of BS EN 1993-1-1, and

depends on the classification of the cross-section,
id £

|
NAs: Effective k

1< T2<al
Flange: Class 1,2 or 3, Web: Class 4
Compression I [cNSI0n e

Effective area
Non effechive )
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A.) Bending resistance to EC3 -BS EN 1993-1-1

For Class 1 and Class 2 cross-sections:

Waly

Mo

M pg = pr],ﬂrj i

where fy is the yield strength of the material, Wpl 1s the plastic section modulus and
the partial factor for cross-section resistance 1s equal to 1.
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A.) Bending resistance to EC3 -BS EN 1993-1-1

If the yield strength is not constant through the section (e.g. the flange plate material 1s of

higher strength than the web), the plastic section modulus cannot be used and the cross section

resistance should be determined directly from the plastic stress distribution.
For Class 3 cross-sections:

W, f.
M.pg =Mggg = If*
TH-'IIJ

where We, is the elastic section modulus.

For Class 4 sections, local buckling occurs prior to yielding, resulting in bending
resistances below the elastic moment capacity. To account for the loss of effectiveness
due to local buckling, an effective section modulus should be determined and

used in place of the elastic section modulus.
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A.) Bending resistance to EC3 -BS EN 1993-1-1

The bending resistance of Class 4 cross sections is therefore given by:

Wi 1.
Mg =—50s
430

where We, 1s the effective section modulus of the cross-section.
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B.) Bending resistance Approximate method (flange area
method)

This method is used to obtain a reasonable cross section before we check with the exact
method. The flange material 1s grouped quite closed together and nearly the moment of inertia
of the flanges 1s equal to 85 % of the total moment of inertia of the whole section. If we
assumed that the two flanges acts as the upper and lower chord of truss, 1.e the flange stress is
nearly constant.

Hence, the required flange area: AL by
bt - fb=M.Y/I fb=M/{ho.Af)

hoty $@eo = o2 )

o |

Ii ) - 3 - ho
- | é

ﬁ e _]j, Plat-girder
b — =
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B.) Bending resistance Approximate method (flange area
method)

The “flanges-only” method is much more convenient in flange portioning
since

Mcra = 2brte(hw/ 2+t 2)v= brte (hwtr)fy= Ar(w+te)ly
M:Tjt' Ho==Te. ho * ﬁ?%— AWC

Tt.hoéﬁ*ﬂ'ﬁo
ho (T

Haimum SVCV\jW F
_m\’/,z(jﬁ WL\\/AWK Llo

ho :Q'W/Z 1 J%[/z FZ

flw

try

g Tc
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B.) Bending resistance Approximate method (flange area
method)

In the “flanges omnly” method the
flanges 1s full plastic at the ULS A

EC3 Part 1-5 does not explicitly allow or @ e
disallow the use of “flanges-only” method

Hence, 1t 1s safe to use if we could show that for

y gl%dee@tl?/t}effﬁ/ or  Ar(hwtt)O Werr
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Research done by Lee and Chiew (NTU, CEE) shown that

+t,) <
whenever Adh,Tt) < Wog

0<A /A, <5 Os<t/h,<0.2 h/(t,c) <680 &= [235/%

W

L

This implies that the flanges only method is
conservative within most design range

- In fact, the flanges only method is “foo "

conservative” in the sense that in many cases ¥ ... ... | x.
R=A,(h, +t)/W,,<0.75
The modified flanges only method IS

suggested to improve the efficiency in design
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» Bending resistance: Modified “Flaﬁges-only” method

» It is found that the efficiency for bending resistance could be
improved by modified the flanges only method so that

M, g =W, f , 7AY )
y.Rd — " ey 1 400 —
7 _B = A, | { e
" A, | 950
|
1 \ i /
098 |
D98 -.-."""-I‘-—ﬂ_._l—- “
Bending oS4 LH“'I‘F‘:. h,, from ifmm
Resistance 092 1010 mm to
Ratio 0.9 3000 mm
0,08 ¥ o
. . A . s e e s . . = S S S
054 f},=355 MPo
1000 1500 2000 2500 agnp  FO-514
h,, (mm)}
=#=|anges only resistancel Effective modulus resistance £e mmI |

. : ] . b 400 mm |
==\odified flanges only resistance/Effective modulus resistance g i
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Bending resistance: Verification

If no axial force is present, verification should be performed as a
normal section check using 1,

M,
il S
where Mg, is the maximum deé;ign moment
To prevent flange induced buckling, we also need

hw < B ‘411' - 1 v “

I, f}:f fiﬁ T e

A:. Is the effective area of the compression flange. The factor K is
taken as 0.3, 0.4 and 0.55 for Class 1, 2, 3 and 4 flanges,
respectively

<10

Y
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Back to Worked Example 1

ross-section classi I

Initial sizing proposed a plate givder with 750 x S0mm flanges and 2000 x 153mm

web. Check cross-section classification.

Flange: oWj fo he (Fs0X 50) {WW’MJ% 77“7 05:'1 Zz50

For t=50mm, f,; = 255 N/mnt’

. 235 =J235 006
fir 255

Tgnoring weld size in determination of plate width:

75015

5

o

= 367.5 mun

Cr

Lo 073 ;35
{ 30

f

—

Limiting slenderness for Class 1 flange is 9¢ = 8.64 > 7.35 —= tlﬂvﬂ " C,&‘\(ﬁ {

50 7; FW///{/
(b

¢

14

>

Py

|

/\M
br- 73

'\
Wéu) — //‘p/

BS EN
10025-2

BS EN
1993-1-1
Table 5.2
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Back to Worked Example 1

Dimensi W 3
Assume stiffener spacing a > h, l'w\\l ’ ﬂ
Minimum web thickness to avoid serviceability problems: J
3 % +~
b, 2000 Ta Ta’
I“.=.i"52ﬁ= 50 =80mm  OK
To avoid the flanges buckling into the web:
el B[R (00 355 [Ty o
kJWE YA, 0.55 /A 210000 /N 2000 x 15

BS EN
1993-1-5
Cl 8(1)
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Back to : Worked Example 1

Beunding moment resistance

For sections with class 1-3 flanges but a class 4 web, it may be assumed that the

bending moment is resisted by the flanges alone while the web is designed to carry
the shear only.

The bending resistance of the flanges alone My, = Ady x (h, +t;)
Mg = (750 x 50 x 255) x (2000 + 50)/ 10" = 19603 kNm
M s =19603 > M,,,,, = 18909 kNm OK
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C.) Worked Example 2

A two span continuous plate girder is selected in this numerical
example to enable us to 1llustrate the design rules for the panels at
the exterior and interior support as well as 1n the mid span. The
example 1s not intended to show an optimal girder design but to
illustrate the application of several design rules. The design loading

(Ed includes self-weight of the girder and all other relevant
permanent and variable loads.
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C.) Worked Example 2

(Ed
W ‘l’ J( / .' NV L A ‘L’ \l’//a’ \J ‘v’ ‘:L‘ a:.’ ‘l’ ‘s' W N ‘.L s Hll W \L
7 // —
AN I + d +_.a’ k IIET L a' * + d k il?:lx
1—5a+sa' | ' 1=5a+3a |
R | Bl | R
1[, Cross-section 1 1L Cross-section 2 ¥ Cross-section 1 4
|
o

Overview and numbering of panels with cross section 1,

2 and 3
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C.) Worked Example 2

S 235=

-
&

f,=235MPa

¥

el e e it

235 J:ss
= S e —— = — I_
f‘.(l\" 'nuu'J 235

Tao = 1.0
™M1 = 1.0

Cross-section 2

:\_\

be/te

/ hw".t:

Cross-section 1

[\

aita

/ he/tw : . |

T E——

111 1]-!1

h"l
rba/ta

b,, /t;, =400/ 20 mm

by, / e, =600/ 40 mm

h,/t, =2000/8 mm

b,/t, =120/8 mm

h,/t,=80/8 mm

h, /b, /t, . /t,;=180/180/10/20mm
h,, =500 mm

h,, =1000 mm

Transverse stiffener

Cross sections
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C.) Worked Example 2

el e e it

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42
P Ty | ol
Y, //5/ | 7
;’2::;:1?_’/4,;; v ’/// e
AT, -, T oy TR ., A
{ [ |= 21m Fa. PR S 1= 21m | |
R B R
1200 4V [KN] )
gm -
a4
GO0
300 - X [m]
ﬂ T T
300 ¥ 3 39
600 -
O] -
1200 -

Shear force
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C.) Worked Example 2

el e e it

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42
77777 % , % | | |
?;i{;;jé j;fi;g;% ) :;géi ; ‘
GIIPs g1, 77 |
AT , a2 11 e N paly pa ) &
_+__ ' = 2im ' | 1= 2Am —t
R B R
-5200 7 M [KNm] o
-4608
-3200 -
=3200 -
2200 -
x [m]
-1200 -
) 3 " . 12 15 18 2 3 30 33 36 39 a2
200 - : : 155 | f i i ‘ . ’ f : { A
20.5
S00 -
1557 / \_/
1800 -

2459

Bending moment
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C.) Worked Example 2

el e e it

1- Bending_MomeDt Verification

1- Field 0 -3......maxMed = 1557 KN.m

, f?
M, ga = {hw + 1 }Af,ﬂﬁin ¥ —
MO

oo
0

23

th

- =(2.00+0.02)-(0.40-0,02)- =3798-10° Nm

e

M., =1557-10° Nm < M, ;, = 3798:10° Nm

The direct stresses may thus be transferred by the flanges only.
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5-1 Web Behavior under Shear

1
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5-1 Wel; Behavior under Shear
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5-1 Wel; Behavior under Shear

AN 2 SRR DD L) L) < 0 T T V=V = VY
r
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5-2 Shear Introduction

[ Shear resistance |
A.) Web not susceptible to shear buckling

Susceptibility to shear buckling depends on the slenderness (height to thickness
ratio) of the web. According to Clause 6.2.6(6) of BS EN 1993-1-1, for unstiffened

webs, provided that: T Clas
\ tu b L A
b (17 Wtk 18 C/L(MS ) T b e 377 %49
Woom S

where A, 1s the height of the web taken as the clear distance between the flanges
.1, 18 the thickness of the web, € = (235/f,,,)"” and 1 = 1.0 (specified

for all steels in Clause NA.2.4 of the UK National Annex to BS EN 1993-1-5), the
web 1s not susceptible to shear buckling. In such instances, the shear resistance may
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5-2 Shear Introduction

be taken as the plastic shear resistance Vi, rg, as given in Clause 6.2.6(2) of BS EN
1993-1-1: I

(A
_ A B W
M = L

where A, is the shear area, defined in Clause 6.2.6(3) of BS EN 1993-1-1 as:

Vo

A, = hyt, for welded I-sections loaded parallel to the web
and
A, = A = hyt, for welded I-sections loaded parallel to the flanges.
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5-2 Shear Introduction TN

i

Il Bafavior OF Wb Plats

Extract from table of section classification limits (BS EN 1993-1-1)

Type of element Class of section
and loading
Class 1 {(4,) Class 2 (Ap2) Class 3 (Ag)

QOutstand flange in G/k < 9¢ ¢/t <10¢ G/ k< 14e
pure compression
Internal element in Gl k < 33¢ il k< 3Be Gl k< 42¢
pure compression
Web with neutral c,/t, < 72¢ c, /L= B3c c,/t, < 124¢
axis at mid-depth

when o« > 0.5: when o > 0.5: when v > -1;

Cyl by < 396¢/{130-1) Cul ty < 456¢/(130-1) Cul ty < 42£/(0.674+0.33y)
Web, generally

when o < 0.5: when o < 0.5: when vy < —1:

Cul b, < 36e/ Culty £ 415/ o Col b, < 62e(1-y) (-y9)®*

where v = o,/ is the ratio of end stresses in the case of an elastic stress distribution, and « is the com-
pressed portion of the web in the case of a plastic stress distribution.
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5-2 Shear Introduction

Wels Swsceplible t0  Shwwr busk lin
| \ i 1 S e

\
- N ﬁ
i*MV - \% i ! % )(;Jﬂ\@#h%
\ |

Urskffeed | sw%em o 8
7?/44) 77% m?#z 5(0465 7’)‘ ,z KZ

- According to Clause 5.1(2) of BS EN 1993-1-5, unstiffened webs become suscep-
tible to shear buckling when

h_w}j'z%j f Uasyes ¢ I[/I/ﬁ

.

while stiffened webs become susceptible to shear buckling when

h—W}SIEJk_t; Cossest L, TF )=
n

Ly

7
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5-2 Shear Introduction

where k., 1s the shear buckling coefficient, defined in Annex A.3 of BS EN 1993-1-5
for webs without longitudinal stiffeners as:

he .
k. =5.34+4.00(h, /a)’ for alhy > 1 YzZA3 1 \«w/\/ o Wy

ke, = 4.00 + 5.34(h,, | a)* for alh, <1 —rn? ¥-q—

/)
in which a 1s the distance between centrelines of transverse stiffeners. 6%«) >/

When a web is susceptible to shear buckling, transverse stiffeners should be
specified at the supports to |pl'::w:nl the web from buckling as a column {(see Clause
5.1(2) of BS EN 1993-1-5) and shear buckling resistance Vg4 should be checked
in accordance with Clause 5.2 of.BS EN 1993-1-5. Shear buckling resistance com-
prises a dominant contribution from the web Vg4, and an additional contribution
from the flanges Vipy. provided they are not fully utilised in resisting co-existent
bending. The shear buckling resistance may not exceed the plastic resistance of the
section. The design approach in BS EN 1993-1-5 is basedon the rotated stress field
method. For slender webs, this method allows the utilisation of considerable post-
buckling strength (i.e. load-carrying capacity beyond elastic buckling) .
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5-2 Shear Introduction
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B. Web 15 §w5fw‘\4\b(e Yo buckfngy

7@ %witw
i Yo fowltuty LY 7@) %\E >

{

where ¥, is the reduction factor for shear buckling, which depends on the slender-
ness of the web and the rigidity of the end posts (rigid or non-rigid) at the beam
supports . Web slenderness is defined in general as:

— \\0 A T}'w _ ,f VW
Yoo = futon (- o)
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5-5 Shear Resistance of the Web According to EC3 — EN 1993-1-5

in which z,, is the vield strength of the web material in shear and 7, is the elastic
buckling stress of the web in shear, which may be determined from:

T, = kO

where &, is the shear buckling coefficient described above and oy, i1s defined in Annex
Z/

A.l of BS EN 1993-1-5 as: /}\\U 70\16 \ m/z\//[\ 6\/
A

Q
’ g ; ‘ " Eg= L
D't=E—E3[i) =19{]DDU(£) in N/mm"~. ? <}
12(1=v*)\ b b | ~5
/>\W < o/"#/(/ ZW/Z\/

Substituting 7., into the general expression for web slenderness given above,
allows A, for webs with transverse stiffeners at the supports and intermediate
transverse stiffeners to be defined directly as:

, G
T @%%J &
34t e P ey, WO W ‘
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5-5 Shear Resistance of the Web According to EC3 — EN 1993-1-5

For plate girders with transverse stiffeners at the supports only, the web is said to
be ‘unstiffened’. The aspect ratio a/h, of such a web panel is high and k; tends to
5.34, in which case, web slenderness may be defined more simply as: )

o htencd ko uy > = ho by bure (7
“ e | sk Had IG5 (264 L <)

Having establishi¢d the web slenderness, shear buckling reduction factors may be
determined from Table 5.1 of BS EN 1993-1-5, ) o
For end panels, shear buckling reduction factors have been found to depend on
the rigidity of the end posts, with greater rigidity offering greater anchorage to
tension field action and hence higher load-carrving capacities. In BS EN 1993-1-5,

Shear buckling reduction factors for web z,. (with n = 1.0) A/m\

Rojdead R
Slenderness range Rigid end post Non-rigid end post / e“/
I, <0.83 1.0 1.0 '
0.83< i, <1.08 0.83/ A4, 0.83/ 4, LV///‘ /
1,=1.08 137/(0.7+ A,.) 0.83/ 4,
, l (
/i’fd nﬂfdﬂ[—>l red /////// Y, v //{ Ll M
pos e N\ Zigid e poc

v
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5-5 Shear Resistance of the Web According to EC3 — EN 1993-1-5
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5-1 Web Behavior under Shear
k| b N B 15
o SR
Ay S \ o !
Viire = - \ _ Xowowttutu
V3 Mo %“/ Viw Rrd N e
'E‘ A B........E\..g .......... S Ty =
al : ¥

do <O 1, >08 |
- .{ .
Thick Thin | o
= webs webs |
0, 1,25
| ] ] q I Ll I | l
1,0

==
Web Shear Web Buckling
Ny W
5 83
Intial Behavior Of Web Plate
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5-1 Web Behavior under Shear
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5-2 Shear Introduction

Webs of slender proportions (i.c. height-to-thickness ratio exceeding specified limit-
ing values) are susceptible to shear buckling. The response of such webs from the
onset of loading to collapse may be described in three successively occurring stages,

In stage 1 at low load levels, the web panel is in a state of pure shear,

with the principal compressive and tensile stresses orientated at 45° to the horizontal.
For slender web panels, the limit of stage 1, i.e. the pure shear field, is reached when
the applied shear stress 7 reaches the elastic shear buckling stress 7., and buckling
occurs along the direction of the com- pressive diagonal. In stage 2, the post-buckling

regime, no further increase in stress

Compression Tension

[ & ]

(a)
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5-2 Shear Introduction

can take place along the compressive diagonal, but stresses can continue to increase
along the tensile diagonal, resulting in so-called tension field action .

Under increasing load, the direction of principal tensile stress rotates

towards the horizontal. lhese tensile stresses are resisted by the horizontal and
vertical boundaries of the web panel (1.e. the flanges and the transverse stiffeners)
forming a load-carrying mechanism similar to that of a Pratt truss. Ultimate shear
capacity is reached in stage 3 - with faillure occurring due to
yielding of the web panel and the formation of plastic hinges in the beam flanges,

G ,
buckling =X 7 & locvonse
\\3 VG‘(‘OKMOV\ 9ccure

N
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5-3 Tension Field Of The Web

Slender web panels in shear possess a significant post-buckling resistance,
when a proper anchorage of tension membrane stresses that develop after
buckling is assured. Many design methods based on tension field action
have been developed so far. These theories mainly assume superposition of
buckling and post-buckling shear strength and differ regarding the
definition of tension field action. EN 1993-1-5 implemented the method
known as "rotated stress field. This method was first developed for
unstiffened webs with large aspect ratios where other tension field
methods give very conservative results. It was used in ENV 1993-1-5 for
plated steel structures and in ENV 1999-1-1 for aluminum structures, but
not in ENV 1993-1-1 where the so-called Cardiff-Prague tension field
method was used and the simple post-critical method was added to
overcome conservative results.
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5-4 The Rotated Stress Field Of The Web

The rotated stress: The basic
assumption is that there are no

membrane stresses in the
transverse direction of the web
panel. This is true for webs of long
girders without transverse
stiffeners other than the ones at
the supports. After buckling
compressive membrane stresses o,
" cannot increase any more, but
tension membrane stresses 61 may
still increase until the ultimate
resistance is reached. Under such
conditions the equilibrium requires
rotation of the stress field .

lw
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5-4 The Rotated Stress Field Of The Web

When principal tension stresses
increase , the angle ¢ must
decrease because of equilibrium : - o e —
reasons, and Nh in is the total v : —~— {’f: : I
longitudinal force existing in the . N \ \ ‘Hl : X ]
web at the postcritical stage to be N h \ N | e
anchored onto the end post, and [’ ) J | v 'l
oh is the corresponding normal — — — e
stress in the longitudinal direction. (a) (b) \ (c) \ (e)
"y / \ r
o L
* L =T )
(g) shear and (h) principal
membrane stresses Stresses

Mechanical model of the rotated stress field
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5-4 The Rotated Stress Field Of The Web

\\?\\

{a) "Web only"
tension field action

{a) Internal panel

2 T

< & | s
o 4. =
0% 8 0 7 L7 o,

| 7 | o Ny
{b) Complete «ET—>|

tension field action
[b)] End panel
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5-4 The Rotated Stress Field Of The Web

=
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e o000 % % %%
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ARSI

t Vbt Rd G
(b) ()

Tension field carried by bending resistance of flanges
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5-5 Shear Resistance of the Web According to EC3 — EN 1993-1-5

Shear buckling resistance is defined in Clause 5.2(1) of BS EN 1993-1-5 as:

..
Vord = Vowra + Vicra S nfyw —

d —_—
’-5 14%01

in which % = 1.0 is the partial factor for instability. The contribution of the web
Viwra 18 given by:
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5-5 Shear Resistance of the Web According to EC3 — EN 1993-1-5

The flange contribution to shear buckling resistance Vigpy 18 defined in Clause
5.4(1) of BS EN 1993-1-5 as:

bt fy Meg Y
Vi ra = =
C M1 M; pa |

where by 1s the total flange width, but should be taken as no larger than 15&f; either
side of the web, M;p, 15 the moment resistance of the flanges alone calculated on
the basis of effective section properties if the compression flange 1s Class 4, and ¢
is the width of the tension band

¢ =a[[}.25+ L.6bi fyt J

(N
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5-5 Shear Resistance of the Web According to EC3 — EN 1993-1-5
t hy <BE ‘Y hy 7E
Vage ={Von maph Vi o] = kol by g IIII'| 1 b n 1
'.I'E Pz " A.,. fvw l. or
pRd = ' \ i leattnka ibuti
Total Girder Resistance i ﬁ e ‘t/ Vowsna = : ]r f S

Flange Contribution

biti fs My i
Vs =——12] o
o e ™M [ [Mr.nd

R = JE = 0.76, 1
2._0 Ter T
e
Web Shear Web Buckling
% .

Plate Girder Web Total Resistance
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5-6 - Summary
Shear Resistance of the Web According to EC3 — EN 1993-1-5

« Unless the web is Class 1, we need to check whether the web is
stocky or not for shear buckling
« For unstiffened web

h
Y
t n

“.l

« For stiffened web (either transverse or longitudinal or both)
h
» <315 Jk,

L 7
where n=1.0, and for plate girder without longitudinal stiffener

k. =534+ 4.[1"::(;”—"*)2 for a/h, >1
a

h'li?'

o

k.=4.00+534(—) fora/h, <1
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5-6 - Summary
Shear Resistance of the Web According to EC3 — EN 1993-1-5

« |f the web is stocky, no shear buckling of web shall occur and the

shear strength of the web is given by EC3 Part 1-1
4,(f,/3)

7 a0

plRd —

« Ifthe web is NOT stocky, shear buckling governs the failure

)ﬂ(;,w hh I,

Vira =Viwre ¥ Varra <

Web contribution (TFA)

Tension field action

/| Plastic hinge locations
[t
|
! S
;tyﬁﬁxﬁf?géﬁﬁb
SIS S e
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5-6 - Summary
Shear Resistance of the Web According to EC3 — EN 1993-1-5

« For the contribution from the web V, g4
’ ﬁ?’ M1

. 18 the shear reduction factor which depends on the end post

conditions and the modified web slenderness ;.TW, n=1 for all steel.
Table 5.1: Contribution from the web y,, to shear buckling resistance

Rigid end post Non-rieid end post
A, < 083/7 n n
0.83/7< i <108 083/ 4. 083/ A.
1. 2108 137107+ 2.) 0.837 4.

For the presence transverse and
intermediate transverse stiffener

17

For transverse stiffeners at
supports only (e.g. end post only)

-

7N
" 8641 ¢

“l

T 3745 ke
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5-6 - Summary
Shear Resistance of the Web According to EC3 — EN 1993-1-5

« For the contribution from the flange med

W2
1_[ M, W
M'fﬂd

Fy

2
I _ bf rf f ¥
bf Rd —

CYan

where M, r, is the moment of resistance of effective area of the
flanges only (as in the “flanges only” method) and

| 1.6b.t2F
c?—ﬂ{ﬂ.25—i— 'Z,fﬁ'f}
rwhwf:mr
« Verification of shear resistance is checked by calculating ns,
N = Ved < 1.0
VE:,R.:f
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5-7 - Interaction of bending and shear

Resistance to combined bending and shear
Web not susceptible to shear buckling

For webs not susceptible to shear buckling, resistance to combined bending and
shear is covered in Clause 6.2.8 of BS EN 1993-1-1. In this Clause it 1s stated that,
provided the design shear force Vi is less than 50% of the plastic shear resistance
Vira Of the section, the interaction between bending and shear can be ignored and
the full bending moment resistance can be attained. Where the design shear force
exceeds 50% of the plastic shear resistance, the bending resistance of the cross-
section must be reduced; this is achieved by applying a reduced yield strength to
the shear area of the section. The reduced yield strength f, 1s defined on the basis
of the level of applied shear force as follows:

ﬁ;r =(1_P)ﬁf

in which f| is the basic material yield strength and p is determined as:

. ( 2Veg 1]‘
Vpl,Rd
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5-7 - Interaction of bending and shear

On the above basis, the reduced major axis bending moment resistance M,y zq Of
a Class 1 or 2 I-section with equal flanges and uniform yield strength, in the pres-
ence of a shear force greater than 50% of the plastic shear resistance, may be
determined directly from:

Ay
N p4r ]ﬁ’
X S M}f.c.Rd

Ymo

wrl:'L}'

My,v,Rd 3

where A, = it 1 the area of the web and M, gy 18 the full in-plane bending resist-
ance of the cross-section, as defined in Clause 6.2.5(2) of BS EN 1993-1-1.
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5-7 - Interaction of bending and shear

50% of plastic shear

1.2 1 resistance
-0 ! Moment-shear
2 0.8 - E interaction diagram
a l
% 0.6 - !
wy 5§ %" e ——
-~ 0.4 - !
: Plastic bending resistance
0.2 A ! [ of flanges alone
S
0.0 r T . '. .
00 02 04 06 08 10 1.2
Mea/Mpi Ra

Shear-moment interaction for Class 1 and 2 cross-sections where the web 1s not
susceptible to shear buckling
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5-7 - Interaction of bending and shear

Web susceptible to shear buckling

For webs susceptible to shear buckling, the interaction between moment and shear
is effectively covered in Clause 5 of BS EN 1993-1-5, when the flanges are not fully
utilised in resisting bending (Mgy < M:ry), and in Clause 7.1 of BS EN 1993-1-53,
when the flanges are fully utilised in resisting bending (Mpy 2 M;ry). The former
case is discussed in Section 18.4.4.2 while, for the latter case, the following interac-
tion expression, set out in Clause 7.1(1) of BS EN 1993-1-5, applies:

2
MEE[ E 1_ ME,R(] 2-‘JEIZ] _1 < 1.0
Mpl,Rd Mpl_,Rd Vhw,Rd

The key features of the full bending-shear interaction diagram for Class 1 and 2
cross-sections are as follows:
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The key features of the full bending-shear interaction diagram for Class 1 and 2

5-7 - Interaction of bending and shear

cross-sections are as follows:

Provided the design shear force Vg4 1s less than or equal to half of the shear
buckling resistance of the web Vg, then the full plastic moment capacity M, g
of the cross-section can be achieved.

The shear capacity of the web alone V4, gy and the bending moment capacity of
the flanges alone Mz, can be mobilised simultaneously.

The maximum shear capacity (Vi pg = Viwra + Viira), Including the full contribu-
tion of the flanges, is only achieved in the presence of zero co-existent bending
moment.

As the level of the co-existent bending moment increases, the flange contribution
to shear resistance reduces by the factor (1 — Mg/ M;ry)” until Myy = Mg, at
which point the flanges are fully utilised in resisting bending and make no con-
tribution to the shear resistance. This interaction is set out in Clause 5 of BS EN
1993-1-5 and discussed in Section 18.4.4.2.

For Mg,y > Mg, the interaction between bending and shear is set out in Clause
7.1(1) of BS EN 1993-1-5, as described above.
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5-7 - Interaction of bending and shear

Shear force Vg4
| Clause 5 ,
T VbRa T :
VbtRd } ‘ I Clause 7.1(1)
~ VouRd Tab only shear resisiance |
h@i Class 1 or 2 sections
vV So!
bwAd X & & § 1
2 gd—l l v
5 E: = Class 3 or 4 sections
L
3
: = Bending moment
M, Rd rf‘:ﬂpl,nu %Ed

Mei.ra OF Mgtt,ro

Shear-moment interaction for cross-sections where the web is susceptible to
shear buckling
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5-8 — Summary

Interaction of bending and shear

If 7 =Veq/Viwrs =0.5 and Megy<M; rgy, the design resistance to
bending moment need not be reduced to allow for the shear force

Otherwise, addition verification are needed, it is necessary that
_i‘lff_Ear

i‘lflrperd

— i]'r'irf_ﬁ.:f } — 12 e
7 (1- Vo ns (27, -1 <1.0 7
where M, gy Is the design plastic resistance of the cross section
consisting of the effective area of the flanges and the fully
effective web irrespective of its class

The above interaction check should be done at all sections other
than those located at a distance less than h,/2 from a support
with vertical stiffener, as normally the shear force is
overestimated there.

VE.::’

— ra
Vi ra

73 <A
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Back to Worked Example 1 ‘

Shear buckling resistance of end (anchor) panel AB

The shear resistance of panel AB will be calculated assuming a non-rigid end post,

with the reduced capacity compensated for by closer stiffener spacing. The
contribution of the flanges will be ignored, as described above.

h, =2000mm; a = 1550mm; f,,, = 275 N/nun’; Vi = 2293 kN
Web aspect ratio a/h, = 1550/2000 = 0.78

Buckling coefficient (for a/h,, <1):
ke =4.00 +5.34(h,la) =4.00 +5.34(2000/1550)° = 12.89

Web slenderness:

i -a?rj"ﬁ—“— he 2000 =1.07
Y N, 374k, 374x15x0941289

Web buckling reduction factor (for non-rigid end posi):

by <1.08 |:x. = ffr*; _083 _ 0.77 Non-rigid Post
. 07

Shear resistance of web Vi, i

v, o o Knfulids 077 %275 % 2000 X 15
L 3 x1.0x10°

= 368! .kj]"l, > 229.? I{'N = V;.‘J OK

BS EN
1993-]1-5
ClLA3(1)

BS EN
1993-1-5
C15.3(3)

BS EN
1993-1-5
Cl15.3(1)

BS EN
1993.1-5
Ct15.2(1)

1550

925kN| 910
|

ra P — - A ——

::::::

Lagunj,aguu | 5650
7 ry
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2152
1796
1440

515>
|

AB C D

Shear force kN

11142 ‘
17453

Bending moment kNm

18
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Back to Worked Example 1 ‘

Shear buckling resistance of panel BC

The shear panel resistance of the end panel BC is calculated assuming a rigid end
post but ignoring the contribution of the flange.

h,, =2000mm; a =3900mm; f,,, =275 N/mn’; Vg = 2152 kN
Web aspect ratio a/h,, = 3900/2000 =1.95

Buckling coefficient (for a/h,, 2 1): BS EN

k. =5.34 +4.00(h,/a)* =5.34 + 4.00(2000/3900)* = 6.39 1993-1-5
ClA3(1)

Web slenderness: BS EN
1993-1-5

1 =076 ﬁi " h, b 2000 —153 Cl5.3(3)

\( T, 3741,edk. 374 x15x0926.39

Web buckling reduction factor (for rigid end post): BS EN
1993-1-5

7, >1.08 L o Rigid End C15.3(1)

S P T O+ 58

Shear resistance of web Vi py

Rt 2 x 2 BS EN
Vi XoSowhal _ 0.62% 275 x zaoof 15 _, 9T KN > 2052RN= Ve OK i1
NERTY J3x1.0x 10 Cl3.2(1)
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Back to Worked Example 1 ‘

Shear buckling resistance of panel DE 925 kN 912 kN/n
|
The shear resistance of panel DE is calculated assuming a rigid end post but R RS RS
ignoring the contribution of the flange.
h,, =2000mm; a =3900mm; f,, =275 N/mn’; Vi, =515 kN 550 LEQDD'LSQOD 5650 l 5
Web aspect ratio a/h,, =5650/2000 = 2.83 ’ 30000
Buckling coefficient (for a/h,. = 1): BS EN 2152
k. =5.34 +4.00(h./a)’ =5.34 + 4.00(2000/5650)" = 5.84 1993-1-5 |pog3 1796
ClLA3(1) 1440
Web slenderness: BS EN 515
2000 1993-1-5 |
2 o h,, Cl5.3(3)
=076 2 = = =1.60
= 37416k, 374x15x0.92V5.84 AB C D E
Web buckling reduction factor (for rigid end post): ng f?’ I Shear force kN
71993-1-
P 8 e, = - = = 0.60 Rigid End il
Ao 2100, | X = T NS (7 BT
Shear resistance of web Vi, wi | | ‘
BS EN
. 2
Vini.ra = Helpoluly B0X O ¥ zﬂmf I3 _ 2843 kN > 515 kN = Vi OK 1993-1-5 11142
Bending moment kNm
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6-1 — Introduction

[Geneml '

When a web is susceptible to shear buckling, some form of end anchorage is required
at the supports to resist the post-buckling membrane stresses (tension field) that
develop in a buckled web. The situation at the end of the plate girder is clearly more
onerous than that at internal locations where support 18 present from adjacent
panels. End anchorage need not be provided if the plastic shear resistance Vi rg

rather than the shear buckling resistance Vg i1s the governing design criterion
(Le. when the web is not susceptible to shear buckling).

' End posts are classified in BS EN 1993-1-5 as cither|rigid jor l1:11[:-11-rigit:l-'Fn:Jvr web
slendernesses A, of less than 1.08, shear buckling resistance is unaffected by this
distinction , but for higher slendernesses, the greater anchorage

afforded by a rigid end post results in improved shear buckling resistance. End posts
also| act as bearing stiffeners resisting the reaction from the supports
Rigid end posts|should therefore be designed to resist the horizontal
component of the tension field logether with compressive forces due to the
support reactions.Non-rigid end posts | sineed only be designed as bearing stiffeners

to resist the compressive forces due to to the support reactions.
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6-2 - End post Stiffener

or H MNon-rigid end post

Rigid end post
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6-2 - End post Stiffener
Rigid end posts

A 1igid end post, as defined 1in Clause 9.3.1(2) of BS EN 1993-1-5, should comprise
two double-sided transverse stiffeners|or a[rolled section|connected to the end of
the web plate | In both cases, the end post acts as a short beam
spanning vertically between the flanges and resisting the longitudinal membrane
force arising from tension field action.
The minimum section modulus W, for a rigid end post comprising either a
rolled section or a pair of double-sided stlftenels is specified in Clause 9.3.1(3) of

BS EN 1993-1-5 as: = =/ Wwin =L+ M4+
Wmiﬂ :4hwf§.‘ 1 'ha 2 // H /TA’M/ 44/”/14//6
Zl

where 1, is the thickness of the web of the plate gi¥éer. For a pair of double-sided
flat stiffeners separated by a distance e (which must be at least 0.1h,, according to
Clause 9.3.1(3) of BS EN 1993-1-5), this corresponds (ignoring the web contribu-
tion) to a minimum area A,,;, for each stiffener of:

Amin =4hwf:'.,f€ AW'W%
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6-2 - End post Stiffener

e Rolled section
L )
1 3
| |
e, BEE==F
A A \_ |
Rolled section
' A-A
(a)
e Transverse stiffeners
+7 :
‘ -l
I
' B ‘
Transverse stiffeners
' B-B

(b)

Rigid end post: (a) formed by a rolled section, and (b) formed by a pair of
double-sided stiffeners
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6-2 - End post Stiffener

The magnitude of the longitudinal membrane force Ny to be resisted by a rigid
end post 1s not specified in BS EN 1993-1-5, but has been derived in many
References for a perfect plate and modified for design to give:

Tig
Ny =ht, -1./1.2 |20
e (*r.:rflz 3 }

in which 7z, may be taken as Viy/ht, and 1, is the elastic shear buckling stress of
the web . This membrane force may be assumed to act on the end post as a
uniformly distributed load, which gives a maximum moment at mid-height

of Nyh,/8.
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6-2 - End post Stiffener

Non-rigid end posts

A non-rigid end post comprises only a single double-sided stiffener .

The reduced anchorage, compared with a rigid end post, afforded to the
adjacent web panel, results in lower shear buckling capacity for slender webs
(Ay >1.08)

Non-rigid end posts should be designed as bearing stiffeners,

They do not need to be designed to carry any tensile anchorage
torce, since this 1s assumed to be resisted by the web itself.

with non-rigid end post

Non-rigid end post and anchor panel / Dgeian anchior peya

' — Design remaining internal

panels assuming rigid end
. post conditions (provided

intermediate transverse

\ stiffeners meet minimum

stiffness requirements)

#

Non-rigid end comprising —/ ’ \
a single, double-sided First intermediate
transverse stiffener transverse stiffener
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6-3 - Web stiffeners

Types of stiffeners

Transverse stiffeners are generally required to ensure the satisfactory performance
of the web panels of slender plate girders. The two most common types of stiffeners

arc

(1) intermediate transverse stiffeners to increase the shear capacity lof the web,

and (2) bearing or load-bearing stiffeners to prevent local failure of the web under
concentrated loads or reactions apphed through the Hange. A particular stiffener
may serve more than one function, in which case it should be designed for the
combined effects: e.g. an intermediate transverse stiffener may also be load-bearing.

T”[he etfective cross-section of a stiffener (used both for verifying minimum stiffness \
~and for buckling checks) is defined in Clause 9.1(2) as the stiffener(s) plus a width
of web equal to 15¢,, but clearly not greater than the actual material available

The outstand proportions for flat s %ffeners should generally be limited to:

h,

I

Effective Widty & U??%‘”

) Msmw//ﬂ (Z,oi <

in order to avoid torsional buckling, where A, and r, are the outstand width and
thickness of the stiffener, respectively. This requirement may be derived from that
set out in Clause 9.2(8) of BS EN 1993-1-5.

Dr.—Eng.
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L 6-4 — Bearing stiffeners

Load

Load

Bearing Siffenér

Intérmediate Transverse
Stiffener

Rigid end post

MNon-rigid end post
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6-3 - Web stiffeners
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6-3 - Web stiffeners

Intermediate transverse web stiffeners

Intermediate transverse web stiffeners are used to increase both the elastic shear
buckling resistance and ultimate shear buckling resistance Vg4, of slender web
pancls. They are usually placed on one side of the web only, and are designed for
minimum stiffness and buckling resistance, as specified in Clause 9.3.3(1) of BS EN
1993-1-5.

Intermediate transverse web stiffeners should have the following minimum
second moment of area [, (see Clause 9.3.3(3) of BS EN 1993-1-5) in order to
control the lateral deflection of the web at their locations and to be considered as

rigid restraints: : |
A1 AT /“/‘
_‘?_2 = /

W I 21588188 for alh, <~N2 i

stiffener S 66//_;#%?& (’Zﬁ(>

WIS 5075k for alhy 22
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6-3 - Web stiffeners

| The buckling resistance of intermediate transverse|w f/eb stiffeners should also be
checked. The effective stiffener cross-section should be desmned toresist a compres-
sive axial force, Pgy, arising from the shear-induced tension field, plus any externally
applied loads and moments, Pg, acts at the mid-nlane of the web and therefore

causes both axial and bending stresses in the effective stiffener sections. Pgq is
defined in Clause NA.2.7 of the UK National Annex to BS EN 1993-1-5 as:

 ped | 7

'D-}{.Ed ' | U
Prg = Vey = 0.87 0,1, (1 ———— foraz F > @
Fd Ed ‘j 080, azh, U @ U | |

/N

Pig = {VEL, — 0.8T,; Aty Jl _ Ourd }  fora<h,
0.80
in which o, is the elastic plate buckling stress for the web under direct longitudinal
compression, 7., i$ the elastic shear buckling stress of the web and o, g4 15 longitudinal
direct stress in the web, taken as zero for symmetric sections and the algebraic mean
of the stresses at the top and bottom of the web in the case of asymmetric
sections.
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+ Design of intermediate transverse stiffener

» Verification of shear stress: Axial force generated by TFA
It can be shown that when shear force is present, under the
action of TFA, an axial force Ng, will be imposed on the

intermediate transverse stiffener such that T U
|
\ T 1 hnuf W'rw
‘l’l éQV\Ud( »\Ng&tﬁasf.i‘en . VEd N — \2 ‘\/7"} >0 \ \ Shm/
e (/Lu)- 3}2’1{1 ‘ \f -
Ved) Vid,

Vegis c\:lesign shear force in the adjacent panels.

» For the case of variable shear force, the value at the distance of
0.5h,, from the edge of the panel with the larger force should
be taken
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6-3 - Web stiffeners

The buckling resistance of the effective stiffener section under axial compression
may be evaluated as for a conventional compression member in accordance with
Clause 6.3.1 of BS EN 1993-1-1, using buckling curve ¢.'The eftective buckling length
of the stiffener may be taken as 0.754,, 1if both ends are assumed to be fixed laterally.
If there is less end restraint, the effective length should be taken equal to the actual
length. The resistance of the effective stiffener section under combined axial load
and bending may be evaluated in accordance with Clause 6.3.3 of BS EN 1993-1-1,
though a simplified interaction expression, proposed in Reference 4, that assumes
no lateral torsional buckling of the stiffener, is also suitable:

J“"h'rEd ] JF"’:l|r:.-'.l-_i|:l Mz.l:d

+ + —<1.0
I‘r‘qf,:- 1_{NE1| / Nﬂf.}") wﬂl.}'fv H"(el.zf:'
with the axis convention - . Note that no amplifier is applied
to the M,y moment since the web prevents buckling in this plane,
z
N
< | F z F
I I
y—-E=—a——u —y I
.' Y+ | S— -y
s -=1 7ﬁg ks
] E
z z
Double-sided stiffener Single-sided stiffener

Axis convention for effective stiffener cross-section
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6-4 — Bearing stiffeners

Bearing or load-bearing stiffeners

Bearing or load-bearing stiffeners are employed to|prevent local failure of the web

under concentrated loads or[reactions applied through the flange! Clause 5.1(2) ot
BS EN 1993-1-5 requires such stiffeners to be provided at the supports of beams in
which the web slenderness £, /1, exceeds 72&/ 1. Bearing stitfeners should generally
be placed| symmetrically jabout the web centre-line, else the resulting eccentricity
should be allowed for in their design (see Clause 9.4(3) of BS EN 1993-1-5). Other
than at the supports, load-bearing stiffeners are required at the location of any
concentrated loads, if the resistance of the unstiffened web, evaluated in accordance
with Clause 6 of BS EN 1993-1-5, would otherwise be exceeded (sce Clause 9.4(1)
of BS EN 1993-1-5). Clause 6 of BS EN 1993-1-5 also applies to patch loading, when
concentrated loads act between stiffener locations; this is common, for example, in
the case of travelling loads.

Checks for cross-section resistance and buckling resistance | under combined
loading are required as described above. The simplified mnteraction expression

may also be applied to load-bearing stiffeners. Note that, for

bearing stiffeners that also act as rigid end posts, the |additional bending moments

associated with anchoring of the tension field must be considered in conjunction

with the support reaction and that, ditterent cross sections are defined when
resisting the different loading components.
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L 6-4 — Bearing stiffeners

Load

Load

Bearing Siffenér

Intérmediate Transverse
Stiffener

Rigid end post

MNon-rigid end post
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6-5 - Summary
- Stiffeners and end post design

Intermediate transverse stiffener

~ Takes no direct external loading but subjected to internal direct and
shear force

» Creates compartments to increase web buckling resistance

~ Provides rigid support for TFA and flange resistance (PH) for web
buckling y

Load bearing stiffener

» Prevent yielding, crushing, local and global failures at
where heavy patch loads are applied

End Post .

~ A special form of load bearing
stiffener ﬂ

~ As “anchor® supports for TFA, |
flange resistance (PH) and - ¥ | ;

reactlon forces b Rigid end posd i Meon-rigid end post
~ Rigid and non-rigid end posts are
POSSI ble TFA : Tension Field Action, PH : Plastic Hinge

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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6-5 - Summary
- Stiffeners and end post design

+ General requirements of all stiffeners -
» Independent design check needed
» Cross section of the stiffener consists of
(1) gross area of the stiffener itself, and
(2) contribution width of 15¢t, on each side (but no overlapping)
» Normally, thin-walled open section (at least Class 2) are used

15¢t,  15et, 15et, "iGet,
,‘E T:i’ "v /'r -{ il .l( ﬂ A / [_
N A - - s e :;.] Single Sided Open Stiffener = JL 2
< ¢.) Dou

ble Sided Stiffeners

Effective cross-section of stiffener

b.) Single Sided closed stiffeners

Typical cross sections of stiffeners
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6-5 - Summary
- Stiffeners and end post design

@ + General requirements of all stiffeners
» Two general performance requirements for ALL transverse
stiffeners (intermediate, load bearing and end post) at section

where Mg,z0
~ Requirement (A) Stress and deflection limits: To verify
using a second order elastic analysis that at the ult!mate
limit state

P Z, - ib
sz Q. < Jy s /

VM1 300

omax 1S the ultimate stress (elastic) and w is the ultimate lateral
deflection while b Is the panel height (or web height)
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6-5 - Summary
- Stiffeners and end post design

@- General requirements of all stiffeners
» Requirement (B) Torsional buckling: The stiffener will not

fail by torsional buckling which requires either 7:
(0 }T_Ti 5.3% B
where P z2 ol sedly,

I+ is the St. Venant torsional constant of the stiffener alone

|, Is the polar second moment of area of the stiffener alone
around the edge fixed to the plate

i ﬂdfugm
Or when warping stiffness is considered j// --flg

(Phtacr > 2 f @

where o, is elastic critical stress for torsional buckling
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6-5 - Summary
- Stiffeners and end post design

@ + General requirements of all stiffeners
» For a stiffener consist of flat plates, the requirement for
torsional buckling could be simplified to limit the width (B) to
thickness (t) ratio of the plates to those values shown below

Steel 235 275 355 420 460
B/t< 13.0 12.0 10.6 0.7 0.3

Limiting B/ values to prevent torsional buckling

» Note: if B/t = the above suggested
values, normally is it very hard to
B satisfy the requirement uniess

more advance analysis (e.g. FEA)
IS used.
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6-5 - Summary
- Stiffeners and end post design

@4 « Design of intermediate transverse stiffener
» The main function of intermediate transverse stiffener is to

provide rigid boundary supports for the panel and prevent
web buckling due to\dlreELstrés_sTpiate—iike buckling){and to
jshear stress (axial force from TFA and PH formafions)|
» Both Requirements A and B should be verified for both
direct stress and shear stress

Direct stress (1) Shear stress (/\/%Lﬁw)
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6-5 - Summary
- Stiffeners and end post design

@i « Design of intermediate transverse stiffener
+ Verification for direct stress (1,.)

» For intermediate stiffeners that is not subjected to external
axial load, Requirement (B) can be ensured by simply
limiting the B/t ratio

» In general, verification for direct stress for Requirement (A)
needs a second order elastic analysis but it is not
convenient in practice.

» Hence, EC3 allows two simplified methods for direct stress

verification for intermediate transverse stiffener in the
absent of external axial force
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6-5 - Summary
@ L" - Stiffeners and end post design

"« Design of intermediate transverse stiffener
~ Verification of direct stresﬂ Method I: Befined | ; requirement
Requirements (A) is considered to be satisfied if | is greater

than
b 4 300 adjacent raNsverse stif'f::nlllnnw'
o ) siiffener to be ‘ i :
I.S‘f,}'e?q — i[_ ] (1 + 1.-1’0 H\ n:hn:cklt;d "-.Ill Wi = rmn[f-,"{ﬂﬁ]‘ﬂ*%]
E\r)\ ' . . Tl \
Fealn . B %i?\
iETE L TR REEEY
G (N1 1) N T
__ “cre | £V Ed L — P ;
™ J ) J el e
G-lf‘.i',jl? LY b _ xnf ﬂ;_; - '
Ah
2
e
=2 -10 Siden
3007, e
T Nyw) ~ M g T 7
s
+ M1
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6-5 - Summary
- Stiffeners and end post design

.11

+ Design of intermediate transverse stiffener
~ Verification of direct stress XMethDd [LRefmed |,; requirement

b (y o J
| 300 300 300
The elastic critical stresses for column and plate like buckling

Wp = 1N,

;T'?Ef'?. ,?EEJ‘E

W - W

':"-Crr:: Ucr i
€ 12(1-v2 )a? 2=t 2 )b?

ol 1 §
Ter p
k. is the plate buckling coefficient and dependent on the stress

ratio » and can be calculation from Table 4.1 of EC3 Part 1-5,
Section 4.4

and limiting values of their ratio: g5 -
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BS EN 1993-1-5:2006
EN 1993-1-5:2006 (E)

Table 4.1: Internal compression elements

Stress distribution (compression posiiive) Effegtive” widih b,
el 111 N 11 oy
!.__,(h' } % L_._h" I bi=p b
by =05 by b= 0.5 b
i | I | =gk
&% =
b b ba=p b
t ] t 2
by == b bbb
=
;___.b'__,r_.‘l_.,r g AN,
L —_
n-.""" <] o Ba=ph =p bI(1-p)
| b L
B By =04 By h=068,
=l | | =p=0 {1 0 -l -1 P 3-5:2’—3{3":5
Buckling factor &, | 4.0 T 823700,05+w) | 781 | 781-6.9¢+ 978 | 330 | 5981 -w

Table 4.2: Outstand compression elements

Stress distribution (compression positive) | Effective” width b

B | i w< i
i,
h‘-:='ﬂ b= poli)-ig)
L1 b
—

W= g, | ] 1] - I>pz-3
Buckling fsctor £, 43 | 0,57 | 01,55 057 -0.20p + 007
o
e [ESE
=
& D=
e ____F
O | (TR
‘1 | i
- & bay=pb.=pci(l-y)
b [+ |
g =gl [ | =gz i Ozxp=-l | -1

~ Buckling factor k, | 0,43 D578/ (g + 0, 54) 130 | Li-sp+ iy A '<—_/




6-5 - Summary
- Stiffeners and end post design

A

 Design of intermediate transverse stiffener
~Verification of direct stress XMIethDd I LReflned |.; requirement

€mnax IS the maximum distance from the edge of the stiffener to the
centroid of the stiffener ¢ . 15

Ng4 is the maximum force of both adjacent panels and should be at
least equal to the maximum compressive stress at the edge of the
panel times half of the effective compressive area of the panel.

In checking, calculate u first, if u<1.0 displacement check is decisive
and set u=1.0. Otherwise, a strength check governs.
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6-5 - Summary ]
- Stiffeners and end post design

1)

+ Design of intermediate transverse stiffener

~ Verification of direct stress: Nethod |l LEquwalent uniformly
lateral load
In this method, a first order elastic analysis is carried out on the
stiffener which is loaded laterally with an equivalent u.d.l force

Jgev Eq SUCh that

ﬂ' y
qr:fev,Erf ~ E O (1' Yo g Wei }

w,, is the elastic deflection of the stiffener (which could only be
determined iteratively). In practice, it could be taken as the
maximum deflection = b/300

All other terms are defined in Method |
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6-5 - Summary ]
- Stiffeners and end post design

1)

+ Design of intermediate transverse stiffener

» Verification of shear stress

» When shear force is present in a section, in addition to direct
stress, intermediate transverse stiffener also act as rigid support
for the interior panel.

»EC3 1-5 also requires that verification for shear stress for
Requirement (A) should be carried out using second order
elastic analysis.

~ If both direct stress and shear stress are present at the same
sectlun\r(re both Mgy and Vg, are not zeruthen the effects of
direct stress, which tends to produce additional deviation forces
and lateral deflection, must be taken into account in the analysis

Shear §+f€9

=) e
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1)

6-5 - Summary
- Stiffeners and end post design

Design of intermediate transverse stiffener

» Verification of shear stress: Minimum stiffness requirement

For intermediate transverse stiffener acts as rigid support for
panel, on top of the general Requirements (A) and (B), the
following minimum stiffness is also required for its second
moment of area for the axis parallel to the web plate, I

1 =7.3.3
EEL T NN

l

I,.2075h4 ifah, 22

W

However, the above conditions does not demand very strong
stiffener and does not ensure that Requirements (A) or (B)
could be met.
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6-5 - Summary
- Stiffeners and end post design

+ Design of intermediate transverse stiffener
» Verification of shear stress: Axial force generated by TFA
It can be shown that when shear force is present, under the

action of TFA, an axial force Ng, will be imposed on the
intermediate transverse stiffener such that

hY i1
_1 . ?]tf_}-‘i' W :_3
(2, ) V37
Vg, Is design shear force in the adjacent panels.

» For the case of variable shear force, the value at the distance of
0.5h,, from the edge of the panel with the larger force should

be taken

N 0

— 74 %
st.ten — IEI::!T
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6-5 - Summary
- Stiffeners and end post design

1)

+ Design of intermediate transverse stiffener

» Verification of shear stress: Interaction with direct stress
If direct stress is present (i.e. Mc4#0), a small lateral deflection
will be induced and the deviation forces can be transformed into
additional axial force in the stiffener: :rmaﬁ Geev

o h? =
Aj\fr — i W TI"L

St.ten 2 ——
A

~ After both Ng., and AN, are calculated, an appreciate
second order elastic model should be employed to check for the
performance of the stiffener for Requirement (A)

» However, EC3 1-5 does not suggest any simplified model for
the verification of Requirement (A)
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6-5 - Summary
- Stiffeners and end post design

J + Design of intermediate transverse stiffener
» Model for double-sided stiffener

l.-'].i'""{!rlﬁd (effect of deviation force)

b\ A-A

r 3" '“Iﬂ '.Ei ;i'w

1] Y 1]

Mechanical mode] for a double-sided stiffener
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6-5 - Summary

- Stiffeners and end post design

) + Design of intermediate transverse stiffener
» Model for double-sided stiffener
By using this model, the lateral deflection and maximum stress

can be calculated as | e (eftectof deviation force)
]' g L’w -I- "":'ﬁ"&"“ = Nyppun + Nog o ftension field action snd exiermn] foress)
M= 1] N s
07 —
{ FAL a3 [:}0 !>\IL'I|
(i ol g o _1 A
N / — e
\ -’.-llll" st Bd —+ ifﬁl\-'rsr}Ed / L ! i1} l:& Frae
2 : i
v .7 EL; RequirementA |
’} -

cr.st W
he

W
elastic buckling| of the ST
, Fa | Ny "'"'-l-.‘
. ‘NFSI,E::"' _ (ﬁ' st.Ed T "ﬁ"‘w.sr,Ed }ema:{ . 1 a9 f Y
{:Tmax N ‘{ L f " 0| ~ ( A ) T = »
. f A st / | e :ﬁ" st.Ed T ‘ﬂ‘wsr.fd /Ml
. P'”T{'.J',S! )
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6-5 - Summary
- Stiffeners and end post design

@ * Design of end post
» Two types of end posts: Rigid and Non-Rigid
» To provide support for TFA and support reaction
» Rigid end post should comprises of two double-sided
transverse stiffener which forms the flange of a short column of
length h, and the following two requirements should be met

- 1"?.'-4-

e=0.1h,,

4h. ¢ > v i

mm(A4,, 4 )= —" b H—I-'—I
e | a

i
>

I fnserred section

Rolled section forming an end-post
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6-5 - Summary
- Stiffeners and end post design

&

+ Design of end post

» Requirements (A) and (B) should still be satisfied for the end
post and the double-sided model mentioned could be used.

» As end post often subjected to large reaction force, satisfaction of
Requirement (A) which limits the maximum stress to f, may not
able to prevent the buckling of the end post as a strut

» EC3 requires separate checking of the end post as a column with
buckling length not less than 0.75h,,.

~ Curve c from EC3 Part 1-1 should be used for buckling check

» The total force acting on the end post should equal to the sum of
reaction, force due to TFA and interaction with direct stress

» If both ends of the end post are fixed laterally, the buckling length
could be taken as 0.75h,. Otherwise, a larger value should be
used.
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6-5 - Summary
- Stiffeners and end post design

@ Design of load bearing stiffeners

.nF'

”~

Patch loads and concentrated loads are common in plate girder
Sufficient bearing resistance is needed to resist transverse
force acting on the flange plate

In case that the bearing strength provided by the web plate is
insufficient, load bearing stiffener should be constructed.

In general, Requirements (A) and (B) are also needed to be
satisfied for loading bearing stiffeners.

Again, the total force acting on a load bearing stiffener should
equal to the sum of reaction, force due to TFA and interaction
with direct stress

Similar to end post, their design is often government by the
buckling resistance as a strut (with buckling length =0.75h,,) but
without the compulsory use of two double-side plates

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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Back to Worked Example 2

Panel | (at the exterior support)
V., =647-10° N (at the support).

M,_, =1557-10° Nm (at the end of panel I —x =3 m)
Interaction M-V 1s checked with maximum
values of shear force and bending
moment existing m fhe panel,
but not located in the same cross
section (a conservative approach).

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3

{1l 3111
e, s
.T:' I 2+ II e
4
1200 4V [kN]
£ 1 v
N 647
300—\5:
0 . i
300 9 3 6
-1200
P 3 6
=200 | I
200 +
p— 1557

245!
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Back to Worked Example 2

15 |15
fes | [t

/l 146146
L2200, 3000 L 300
e a Diea

160}
B

i

—

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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Back to Worked Example 2

Rigid end post

The end post 1s designed to be rigid. Therefore 1t must fulfil the following criteria:

e>0.1h,=0.120=020m chosen: |e=0.20 m

(BIt ) for ai stiffener <= 13 (steel 235)
B<13x15=195..... Select B =160 mm

Bend =160 x 2=320 mm -
end plate dimensions: b, /t_, =320/15|double sided

Slide 98

A_,=2-016-0.015+0.008-0.015=4.92-107 m’ s gDty _ ,2:00-0.008

e 0.20

=4.92-10° m* >2.56-10" m’

A
e - 0,150 =10.7<14e =14 - (Class 3, therefore fully eftective.
t. 0015

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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Back to Worked Example 2

Shear resistance

I:_..--\..-- FTETETTET S T ;
Contribution from web |
L F _—

k.. =0 —no longitudinal stiffener. n=L2 (steel grade S235)

h. 2.00

W

a 3.00 _
E =15=

2

h Y [
k =5.34+4 “J +kr_1=5.34+4-[

- a

w X
) T
“‘GGJ +0="7.118
3.00

2. 3 . .
h—“ = ﬂ =250= ﬂsﬁ'k? =—1- 1-4/7.118 =69 =  venfication of shear
t 0,008 il 2

w

buckling is necessary

= h_
.e'-,“_=—“
37.4t_eqfk,
— 2.00 1.37 1,37
L = =2.50521.08=y_= —= E (), 467
37.4:0.008:1-4{7.118 W e S
fhot. 0.427:235.-10°:2.00-0. 3 ’
‘~"Lw__m=x”“ wly _ 0.4 5:107:2.00:0.008 . 103

Va3 L1:4/3

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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Back to Worked Example 2

Contribution from flanges

$—E—4
Panel | — tension band

1.6-0.40.0.02% -235-10° )

= - J=c},??4m
0,008-2,00° -235-10°

L 1645, 47, - TR}
t.-hg £,

== 3,m|fr:+_25+

b,=040m=2-15et, +t=2-15.1.0.02+ 0,008 =0.608 m

235-10°

i 103
o = 3708 - 10" Nm

f
Mega=(h_,+t A, . — ={2.00+0.02)-{0.40-0.02)-

{'ni0

W =

Loc |

T ‘ l_l" M. | ﬁ|=¢]_4[l-ﬂ-t}13 235.10° {,_(1557-10° "*|’" —37.10°M
¥ | WM, 0.774 1.1 ‘ I\_a?s:as-m! _.

Flanges do not significantly coniribute to the shear resistance; mdeed Vispa is

Dr. — Eng. FiRsianballvismallegashan Al R
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Back to Worked Example 2

Verification for shear resistance

ﬂfht

d _Tmﬁ

V, 5 =(843+37)-10° =880- mhq_l_ 235-2.0.008

L3

10° =2368-10'N ™

V,,=647-1° N<V, , =880-10°N ©

Verification of bending rersistance

Mg, =1557-10° Nm=M g = 3708-10° Nm
The direct stresses may thus be fransferred by the flanges only.

Verification of interaction M-V

Flanges take bending moment and the web takes shear force. There is no need for
a ventfication of M-V-interaction

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3




41 i II i I il - i

Back to Worked Example 2

Panel Il (at midspan)

Cross-section of panel I 1s the same as panel I
V., =137-10° N (at the edge of panel - x = 6 m),

Mg; = 2459 -10° Nm (maximum value within the panel. at 7.55 m from the left
support)

Verification of shear resistance

Panel II 15 the same as panel I and has also the same shear resistance of the web.
Neglecting the contribufion from the flanges because of igh moments gives:

Vo, =137-10° N2V, ., = 880-10° N
Vi.rd 15 calculated in Section 17.3.3.

Verification of bending resistance

Mg, = 2459-10° Nm = M, 5, = 3798-10° Nm

M;:gg 15 calculated m Section 0. The direct stresses may thus be transferred by the
flanges only.

Dr. — Eng. Moaid Subh..... Plate Girder to EC 3
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preface

This summary calculation is a hand manuscript to generalized the subject plate girder
on ec3 n a short amount. Understanding this summary is closely related to the
detailed lectures. The pdf files of these lectures are included the following Links :

1 - Plate Girder - 4th Year -2021- to EC3 - part Lpdf
kEEPs://drive.googLe.t:om/fii.e/d/lTBxShMWV’erijﬂévxzﬂstEbA‘?jMUESQ/\/L@.«@?u,sF::skariv\g
2- Plate Girder - 4th Year -2021- to EC3 - part 2,pdf
hitps://drive.google.com/file/d/1COR _pe_kvz§jl-75I1d3TptFikddyxAGmA /view?usp=sharing
3- Plate Girder - 4th Year - 2021 - to £C3 - part B.Pdf
hitps://drive.google.com/file/d/INgCs0IcHL-90LSsbcreZUO-ZEVATVK fviewlusp=sharing

4- EC3- en.1993.1.6.2006,pdf

hitps://drive.google.com/file/d/100V3UIG jO1rMAULIN2SI0AAK joVIuGFviewlusp=sharing
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