


Beams are structural members WhICh transfer the transverse

Ioads they carry to the supports by bendlng and shear

_l' e Cold-formed N Ri;l'led steel
— sectiion —~ - channel
Umversal beam

A vanety of section shapes and beams types may be used
| dependlng on the magnltude of Ioadlng and the span
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Box
girde

Compound Crane Plate’" ~Cellular
~ beam beam girder beam




Beams _ Typlcal usages of dlfferent forms of beam

Beam type Span-| Notes o~y
range > §
[ Angles ~1-6 | Used for roof puflins, sheeting rails, etc. where
- D only light loads have to be carried. >
Cold-formed 2-8 Used for roof purllns sheeting ralls etc where
o’ only light leads have to be cartied
Sections Rolled 1-30__ |'Most frequently used type of section; -~
sections: UBs, -~ | proportioned to eI|m|nate several p055|ble modes
AIPEs, UCs, HEs ~& of fallure _
Open web 440 Prefabricated using angles or tubes as chords and
joists ~~ | round bar for the web dlagonals used in place of
_' e rolled sections ' —
Cel_li_llar beams _-__-_6-60 Used for Iong spans and/or llght loads; depth of

rolled section increased by 50%; web openlngs

may be used for services etc.




Beams _ Typlcal usages of dlfferent forms of beam

Beam type Span | _Notes o~y
y range > S
: (m) | AR
{ Compound -5-30 | Used when a smgle rolled section wouId not
sections & D provide sufficient resistance S
Plate girders 10-100 | Made by weldmg 3 plates, often automatlcally,
o’ with web depths up to 3-4 m;“may need stiffening
Trusses 10-100Q | Fabricated from angles, tubes or, if spanmng large
A | distances, rolled sections® _
‘Box girders 15200 Fabricated from plate,. usuaIIy stlffened used for

overhead travelling cranes and bridges due to -~
good torsional and transverse stiffness properties




A beam: |s con5|dered restramed (IateraI torS|onaI buckllng
cannot: develop) if:  4° :

d The Cross- sectlon of the beam is bent about |ts m|nor Z

& The beam is lateraIIy restralned by means of secondary
steel members, by a concrete slab or any-other”
method that prevents IateraI dlsplacement of the
compressed parts of the Cross section-

) CIoser spaced bracing is, provrded makmg the slenderness

.~ of the weak-axis low, A;; < 0.2 (or 0.4 in some cases)

1Q The cross section of the beam has high torsional stiffness
and similar erxuraI stiffness about both. principal axes
< of bending‘as, for example CHS SHS C|rcular or

4~ square bar . .
i Assessment of the restralned beam can be based just
on the Cross- -section re5|stance M rd |




N EN 1993-1-1:12005- 6.2:6
Shear resistance Vg4 &

The design shear resistance of a

¥
cross-section is denoted by V_ pg and ¥ _

may be calculated based on a plastlc

-.(VpI rq) OF an elastic distribution of ¢ _
shear stress. = At i
A, isthe shear area. PLe

% - Mo \/é . N t%
a) roIIed I and H sections, load parallel to web <
" N

©=A2t bH(t, 20t 2nh, t,

Shearyielding near support

=A-2t. b+(t,, +|r)tf

b) rolled channel sectlons load paraIIeI to web E
¢) rolled T-section, load. paraIIeI o I f
web =0.9 (A-b t;)*

b




Shear resistance V,, Rd" GEN 1993-1-142005- 6. ____2_6

d) welded I, Hand box sectlons Ioad
| paraIIeI to Web —nZ(h tW)

.

| -.e) welded I, H, ’channel arrd box *
sections, load parallel to .::.;: 5 ‘l; ]:
ﬂanges =A-Y (h tW)

f)y- roIIed rectangular hollow sectlons

RHS, of unlfarm thlckrress e,
load parallel tg{lepth —Ah/(b+h)
~load parallel to width =Ab/(b+h) G

) Clrcular hollow sectlons HS and tubes of umform
N thlckness —-2A/7r

ol M




Moment resistance M rq EN 1993-1-1; 2005-6.2.5
1-Vegg <05V oy = L.ow Shear (No effects on Moment

| ReS|stance)
Section Bending &
classification QF o Qi |
Class 1, 2 M"c,Rd=Mp,,7Rd=Wpl f /anlo- .
> Class 3 1 M ra=Meira=We fy/VM'o
Class4 . - IVlc rd=Wes f /YMO

"2 —Veq > 0. 5V )\ rd = High Shear —the moment resistance.

should be calculated using
r_e_duced yield strength for the

for

~shear area,givenby: ©

| I3
a (M,) r(F.)




Moment resistance M. 4

EN 1993-1-1:2005- 6.2.8

2-Ve; > 05V, o, = High Shear, 1 AR

- 2y | 3

A 2v e I LN =

1:yr — (1_,0)fy 1,0:(\/ = _j | 1< F " E
& pl,Rd" S =

= . o(M) r(F)

For | sectlons with equal - flanges and bendmg about the
major axis, the reduced design plastlc reS|stance moment
allowmg for the shear force effect Is glven by n:

W — |, v
& ( P 4, )
My vaa = ' <M

| +y,C,Rd
| "_7./|v|o

My,v,Rd _ (Wpl )f

_ a_cCordin-g to the class
of the cross section

yr |
(more conservatl Ve) <M, ¢ pe

VMo




Moment resistance MC rd EN 1993 1- 1 2005 6.2.5

Where W y =Pth, + A fyr.:::(l p)fy ,p [ 2V ~1
oA S Voira -~

1 Shear Buckllng Vb g

Shear, Buckllng Vora CaN-
be |gnored if: N

(for unstlffened webs)where n=1

> G

s 72
.

3 | ™




RESISTANCE OF THE BEAM TO TRANSVERSE LOADING

Transverse loading denotes a
perpendlcular to the flange -in the~ pIane of the web.

EN 1993-1-5, (assume that the compressmn flange has-an
-adequate lateral and torsional restraint) covers three types
of trans_\'/erse load applied_ through"'a flange to the web:

1 Load application through one
* flange and resisted by shear
forces in the web )

2. Load appllcatlon through one

ange and transferred through -
he web directly to the‘other -+
ange Z <

A
f

load - ‘that™

‘is applied

fVE,S hw



RESISTANCE OF THE BEAM TO TRANSVERSE LOADING
3. Load application through one - WL%
ﬂange adjacent to an 'v
“* unstiffened end. A - | S

o S

1 1 Length of stlff bearlng

The Iength of stiff bearing s, corresponds to the Ioaded
length on top of the flange S5 should not be taken as Iarger

than /7 ,.fi’ E,
a‘,"’ K‘..,k

|_ S5 | +55_, |_£s_| |.f_‘ s, =0
oY (a) [h.'l -'ii {9 (d) '_.[_E}
-__-;Length of stiff bearing: (a) roIIed section; (b) welded sectlon (c) plate
directly; (d) crane wheel; (€) no deformation of girder.  ~




RESISTANCE OF THE BEAM TO TRANSVERSE LOADING
1- Length of stiff bearmg

i
syt r2

Ss‘=_2[tf +t_w___/._._2+ r( —ﬁ)] [Zt +t +2;(2 \/E)]




RESISTANCE OF THE BEAM TO TRANSVERSE LOADING

2 Design resistance-

For unstiffened or stiffened webs,
the design resistance to local
“buckling under transverse loading
should be taken as

el fw Lo tW_Z f Lt
Rd — —AF --
Ym1 o o Y i
Xe isthe reduction factor due Yielding offlange
to local buckling — j ’

| is the effective loaded
length appropriate to the
length-of the stiff bearing s;




RESISTANCE OF THE BEAM TO TRANSVERSE LOADING
3 Reductlon factor foor effectlve Iength for resistance

05 — Lt f, e
e =——<10, 7 S gSL Eow
= ZF ﬂ/F AF \/ F o FCI’ 09 KF'E h

Cr . — . ) _ W

Fc.-r._ff- is the elastic critical load of the web ©
ke isthe buckllng vaIue for transverse Ioadmg

fvst] #* d.vg,g:{hw"’ | v
"l‘ > a N

Z- R IS S )
Ky =6+ 3(—"] ke =3.5+1(—”) ky = 2+6[5 ”)gﬁ

-' Buckling coefficients for webs without longitudinal stiffeners

=




RESISTANCE OF THE BEAM TO TRANSVERSE LOADING
4 Effective loaded length-EN1993-1-5§6.5

The effective loaded-length 4 corresponds to the effective -
loaded length of the web taklng into account the mfluence
| -of the flange - >

I = S, + 2tf (1+ \/ rn1 + m2) <a

I . “ J&Iﬁ "stj h, ‘I:II 7&* B o -':._|. =___f"" 5 HVS




IRESISTANCE OF THE BEAM TO TRANSVERSE LOADING

4 Effective loaded length-EN1993-1-5 §6.5

k EtW <S, +C m2__:'-0 for i. <05

The verlflcatlon of a beam subJect to transverse Ioadlng IS
T F
F

ml

Ed <1 0 = |sthe desngn transvere Ioadlng
Rd © "




Deflectlons . 2

When* designing accordrng to Irmrt state prrncrples it is
customary to check that deflectrons at working Ioad
Ievels will not |mpa|r the proper functron of the structure

| Excessive servrceablllty deflectlons include:

Q- cracklng of plaster ceilings
Q- allowing crane rails to become mrsallgned
EI- causing dlﬁ‘lculty in openlng large doors

_.In general beam deﬂectlon isa functlon of:

| >- the span Iength A
>- end restraints - N3
»- modulus of eIast|C|ty of the materlal

»-‘moment of inertia of the Cross sectron |

- Ioadlng - o




Deflections |
Deflection checks should be made agalnst unfactored

permanent actions and unfactored variable actlons However,
Clause NA.2.23 of NA to BS EN 1993- 1-1 proposes that =
permanent actions should be taken as zero in Deflectlon
checks. The Deflection loads are just the unfactored
variable actions (combmatlon) -

|mpose Qp, Wind Qy .~ il
comb1=Q;+0.5 Q, ‘ comb2 0. 70+ Qn -

Deflections for some comrmon load cases$ for S|mply supported
beams, both end fixed beam and cantllever beam are given
in the foIIowmg Table: S

The maximum deflectlon calculated must not exceed the
deflectlon limit. The deflection limits are not given directly
~in Eurocode 1993, mstead reference must be made to the

National Annex.




-~ Deflection of beams under various loads-

Deflection Loading Deflection
i FL AF——s WL*
Ax - ri
L | 48E]| | L] 384El
| - | SWL* Fl FL®
A c Ab A} = {8
| L | 384El — | 192El
. " .| Fb(ELr-4*) | ° F FL°
o IC b iy 7 -
. L 48El e L > 3EI
et 1| 68IFL T ww WL
U3 | Ul | U3 | 384E| I L . 8E|
ne 1 s |Wh(BLE—4Lb% +b?)
e 384El
e WL* e WL*
- L | 120El o 146.3EI




Vertical Deflection Limits from NA:2.23 Clause 7:2.1(1) B

Design Situation

Deflection limit

sheeting rails)

Cantilever Length/180
Beams carrying plaster of other brittle | Span/360
1 finish
| Other beams (except purlins and Span/200

Purlins and sheeting rails

To suit the characteristics of
particular cladding

Horizontal Deflection Limits from NA 2,24

Tops of columns in single storey
buildings, except portal frames

Height/300

Columns in portal frame buildings, not
| supporting crane runways

To suit cladding

| In each storey of a building with more

, than one storey

Height of storey/300




