DESIGN CHECK :

 Generally, the section of beam is selected
based on the moment capacity

 Once a trial section has been selected, design
check is carried out to ensure that all the other
strength components are satisfied

 The basic concept of design check is to ensure :

Design resistance {R} > Design effects {E}
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DESIGN PROCESS
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DESIGN CHECK :

ff Flow chart }Er)

: Classification of cross section (cl.5.5) ]@

| Shear d.6.26

- Shear buckling resistance check for web ]@
{ Restrained beam ]@Z Bending moment cl.6.2.5

{ Combined bending and shear resistance checking }@

Deflection Check ]@

< Example (Page ?7) }
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Design Procedure :

[ Start l

!

Estimate support condition of the steel beam

v

Estimate all the load subjected onto the beam Determine max SF, BM and def

v

Determine the maximum design of shear force, ¥, and moment, My,

l«q Trial section

Chose steel grade and cross section size that suitable for the design (EN 1993-1-1:2005, Table 3.1)

L Section classification
Classify the cross section of the steel beam (EN 1993-1-1:2005, Sheet 1, 2 and 3) |

!

Determine the maximum shear force of the section, ¥, p: (EN 1993-1-1:20035, Clause 6.2.6)

l Shear capacity check
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Mo

Vea = Ve ne

Yes

Is shear buckling resistance checking for
web need? (EN 1993-1-1:2005, Clause 6.2.6)

Yes

Shear buckling resistance check for web

Check for shear buckling resistance of web (EN 1993-1-5, Section 5)

l

Moment capacity check

Determine the maximum moment resistance, M, n; (EN 1993-1-1:2005, Clause 6.2.5)

Mo
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Check for combined bending and shear

Is the combined bending

and shear checking need?

Check for combined bending and shear force resistance (EN 1993-1-1:2005, Clause 6.2.8)

— Determine value of permanent load that gives effect to the beam deflection

>

Deflection check

h
Determine the allowable deflection (EN 1990:2002, Clause Al.4.3)

Actual deflection < Allowable deflection

Yes

Adopt section




Determination of
Maximum Beam
Moment and Shear

Table 1 Support reactions, maximum moment and deflection

Loading arrangement Support reactions Maximum bending | Maximum deflection
moment
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Classification of cross section
able to perform plastic hinge

with rotation capacity
Class1jOr =~ e anals
which required by plastic analysis

{ without reduction of the resistance

able to develop their plastic moment resistance

Class

£

but limited to rotation capacity of local buckling

elastically calculated stress in the extreme
Section Classification o _compression fibre of the steel member

assuming an elastic distribution of stress
Class 3 [©.can reach the yield strength

---------- but local buckling is liable

to prevent development of plastic
' moment resistance

g,
L
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wn
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31
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=
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=

Local buckling will occur

Class 4 before the attainment of yield stress

L

in one or more parts of the cross-section.

internal element ®

 How to classify the section? (Table E.E}AJ outstand element®

NS
l angles and tubular sections ®

i+
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Shear check (cl.6.2.6)

VEd

The requirements — . %1
— | Verd
[ Shearcl.6.2.6 ]@ , | | .
For plastic design, shear : Ao(fy13) I absence of torsion
resstance, Viots = Yoy ke = "y | (Shear Area, Av)O




Shear check (contd)
| A, =2A/n ‘

—
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4 A, =A—2bt, +(t, + 2r)t, < nh,t, |

e

a,=ab/e+h) || W !

1A, =A-2bt;+(t, +1)t; |
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OPENCOURSEWARE

Shear buckling resistance
check for web

[ hu )

;
Shear bucdling resstance check for wep l(} Noneed fo check f ;572;

\ )

@-[ Else refer to secton 5.of EN 139315

Inspiring Creative and Innovative Minds
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Bending moment (cl.6.2.5)

" |nasimple single span, failure occurs when design value of
thebending moment M, exceeds design moment resistance of the

cross section M_ .
= Magnitude depends on section shape, material strength and section

classification.
= \Where shear force on cross-section is small its effect on the

resistance moment may be neglected.

EC3 sets this limit as a shear force of
50% of the plastic shear resistance

©0e0
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OPENCOURSEWARE

Bending moment (cl.6.2.5)

For class 1 or 2 cross-sections

- Wpi plastic section modulus

For class 3 cross-sections

bending, Mc,Rd - Wel min elastic section modulus

Design resistance of ]_

For class 4 cross-sections

-~

- Weft min effective section modulus

Inspiring Creative and Innovative Minds




Combined Bending and Shear (cl.6.2.8)

and shear resistance is not required

Combined bending and shear resistance checking If Ved> 0.5V ¢rd, then the reduced moment resistance =

design resistance of the cross section calculated using
reduced yield strength

Using reduced
| Reduced moment resistance should be yield strength

if Vea = 0.5N, 54 taken in design resistance of cross

section

p:(E"Ed . 1)2 general

FﬁLHd
3 -lf;*r = (1 - P}.ﬁr
2 With present
2VEq4 of torsion
{} p= —_ 1 -
...... al VpLT.Rd

if Vea = D-ENer,ud

[ P taken as 0 J—
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OPENCOURSEWARE

Combined Bending and Shear (cl.6.2.8) contd

= Alternative for | section (equal flanges) and bending about major axis, the reduced
design plastic resistance moment allowing for the shear force is as follow:

Inspiring Creative and Innovative Minds



Deflection check

| Deflection Check |©1

. deflection limits

| deflection I

S}

-

Table 2.3: The vertical deflection limits

Condition Limits
dma.t d!
Roofs generally L/200 | L/250
Roofs frequently carrying personnel | L/250 | L/300
Floors generally L/250 | L/300
Floors and roofs supporting plaster | L/250 | L/350
Floors supporting columns L/400 | L/500




Table 1 Support reactions, maximum moment and deflection

Loading arrangement Support reactions Maximum bending | Maximum deflection
moment
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