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Design of Compression Members
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Stress (Nlmmz]

Plastic Section Modulus, S

< D E F=F;
z’ {g inception of strain hardening
y AxP~AD, » A=Ar
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% Strain () S = 5 A(yc + yT )

| S: Plastic Modulus |

Shape Factor f =

S
z
| High Shape Factor |

Early Yielding
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| Permanent Deformation |
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(The concept of plastic hinge) (Al Juaiall a se8e
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Bending moment diagram
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L =L1-—): f==
p=tl-pt=7

1
For rectangularsection |f =15=1, =3 L

For /section of £=7.73 |f =1.13=1,=0.12L
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(Shear stresses) =dll Glalga)

SHEAR
AXIAL : LAX!AL—
; V xS
SHEAR =
| xb
LOAD
JLlllddbididd
— I\/IT
4 BEAM N T=—1Tr

J

S =First moment of area

LINEAR PARABOLIC
J=Torsion constant.

Final stresses

M
Normal stress —— > azi%i M, y+—Lx

Shear stressC——> T PN

i GXX
. . T,Vx
Principal stresses

Cpp = — 08 26 + T, sin 26
2 2
(o- +0 ) (o- —-a ] )
o= WL W 05268 —r_ sin 28
¥y 2 2 Ray
(O-xx_o-)'y} P
Tpy =— ————sin 20+ 7, cos26
2 xy

where &is an anticlockwise rotation.
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Principal stresses and the failure

Mohr’s circle
and cracking

| Crack is expected when the principal stresses have reached a critical strength

(The concept of Buckling ) cuisill o seda

| Buckling of columns |
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| Lateral Torsional buckling of beams

Buckling of Frames

(a) Partial and idealised
loading for buckling
analysis

[ Local Buckling of yielding |

(b} Symmetrical (non-sway)
mode of buekling

(c} Antisymmetrical (sway)
mode of buckling

]
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Buckling of plates and shells

I~

Concept of Bifurcation Buckling

F F

§ . P

Aoridl load i Axialload

s T A

) Pritmary path ) Becondary path
3 Unloadedm smber condition cotudition
“pre-buckling” “pog-tuckling”
P
Secondary
path
”l III ’
- A
- . . .
- : Bifurcation Point
Primary
path
>0
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Concept of Snap-Through Buckling
W
called a “limit point’ Deflection
Transverse ¢ 5
load W
inwerted shape
in this
stiffening path
53
Deflection & l l

(Buckling of an Euler strut) b sl casias
i M =P.y
/ §
// " M " P " 2 2 P
/ =—— Y +—y=0=y +Ky=0:K"=—
fx / y El y EIy d ¢ E
General solution for = y = Acos kx + B sin kx

\
the deflected shape

X=0=>y=0= A=0= y=Bsinkx
X=L=>y=0=BsinkL=0

| Using the Boundary Conditions

If KL#0 » B=0 » always y=0 »No Buckling » wrong assumption » KL=0 or KL=nn
n’z> P _n’7’El
N T &

KL=0=k=0= Always y=0=kL=nzr = k>’ =n’z> =

7*El

LZ

For smallest load (Critical load) =>n=1=P; =
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The concept of restraints 4xilall 3 g8l & seda

| Column types sxc¥ ¢ 5l |

y — - c _ Minned support
o B
r bsteral
rovtramt
upuc Hollow Compound Laced Battened Welded Box A
sections sections sections sections sections sections M

" Fived support

Horizontal Ties Alall 25l (3amme 255 8 30450 2.4.5.282.4.5.3) Figure 1 & Figure 2 |

N, = max[ 0.5q, ( factored vertical load on Tie),75kN , 1%PK IP
1% N (compressiv e force of edge column ] -
1%PK N=
4712 Compressed Nrestraint=1% Ncompression member r
- 1%PK
[[47.3a [-—{M, >90%M M, =p,S, r
v 0.5
No directional restraint ¢/ sall &a sial 3 58y kK, =(0.2+1/N,)

Critical buckling load of different deflection modes

2_2
P n°z°El
cr Lz
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i l '
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(A=) i=L izt iz
z 3
v=0 v=AsinxZ v=AsinzrZ v=AsinirZ
L L £
Tl wl&l 7t Ei
(Fez=10) Fom z Frp =4 7z Feg =9 7
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Columns under other boundary conditions and the

concept of the effective length

M =Py

M. P "o , P
=——>=Y +—y=0=y +Ky=0:K" =—

y El y EIy y y El

General solution for _ A
the deflected shape = | = Acos kx + Bsin kx

2
B¢O,k¢0:>coskL:O:>kL=n%:>k2L2:n2”—:>

X=0=>y=0=>A=0=y=DBsinkx
X=|:>%=O:> BK coskL =0
X

n’z? _ P

==
4 412 El

_ n’zEl
“@Ly?

Note: The critical buckling load of a cantilever length L is as the critical load

of simply-supported ends of 2L

exomple

LY

X
| [

a

The Effective Length, L,
model
P P PP
1 } [ f
-« <t —,
’1’ r/ \1‘
LE E" LE ': \". f
\“ 1 |\‘ lr;
- <k, LE ‘
t t !
P P IlI T
I:’ ¥
L, Theoretically 1.1 0.7L 0.5L — 2L I’
Lg Practieally 1L 0.85L 0.7L 2L
PCI‘
Le=K..L
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Major and Minor axis of buckling

r,<r,=>1,<l,

n27z2E| 7[2E| 7Z'2E| 7T2Er2 7z2E
Pcr=—2:>n=l:>PCr:—2 O-crz - — - _ L
S E LA L2 7
7Z'2E L
o, =——: Slendernessi =—=%
A r

0

y is the minor axis
xis the major axis

Buckling about y-axis is more critical than buckling abouf x-axis for the
same length because the smallest radii of gyration is about y

(Buckling of a perfect column) duila ca 388 (5 giad 3 gas quial

| Intermediate Element |

| Short Element |

F F

<

*

increasing stress  —s

(5]

Intermediate

*

<
/

increasing slendemess  —e

| Slender Element |

' deformed column
L]
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1
"
"
(N}
n
[N}
i
i
"
e
’
'
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Slenderness = A = i
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l

Euler stress,o; =

/12
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Elastic and plastic limiting stresses for buckling

300

250 \
= 200
&
= .
= 150 Yield:
2 Squash load Elastic buckling:
|
2 100 Euler load

50

-.H‘-ﬂ
0
0 50 100 150 200 250 300 350
Slenderness L/r

Empirical buckling of a perfect column

| Rankine formula is the simplest safe empirical formula from test data

1 1 1 P = the real buckling failure strength O Oy
5 b B P = the ideal Euler buckling load F=
P % R P, = the squash load Og 0y
Rankine formula for column buckling
250 I I
\ Yield:
200 N Squash load
: N
& 150 . .
= Elastic buckling:
% A lll Euler load
£ 100
w2

Q
Rankine load &
o]

NI

0 50 100 150 200 250 300 350

Slenderness L
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For less conservative treatments o=

Lol ooro,=—%%  <n<s3

n[ _n n
Og t+0y

n n

Generalised Rankine formula for column buckling

250 ™= [ [
"\ \ Yield:
200 N \\\ Squash load
. /)\ X |
- YW . .
& 150 / > Elastic buckling:
? \ Euler load
w 3 »
g 100 Rankine load R
[0}
50
Generalised Rankine loads
(n=1.5,2,3) ¢
0 ] : ]
0 50 100 150 200 250 300 350

Slenderness L

The effect of material non-linearity on buckling load

N\
A Y curve to represent
1' intermediate elements
%,

The non-linearity of material causes
the drop in results between Euler theory
and experiment data for intermediate
columns

stress
o
=
=
=
g
g
g
"
IE /
:

Tangent modulus theory is the
simple safe estimate of buckling
strength in Elastic-Plastic region

slendemess (1)

L | >
slenderness. —
- [ |
' fo-£, |
q, -........--.'l'. ........ a., .
ONY ON
g [ g ae-......'...-......:-...
Limit for slender columns
- L
strain (&)
2
7'E o o L E
o= T = Modified slenderness at position x=4=—"=7, |—
o

r
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300

Yield plateau

Real buckling stresses in columns

250 ’Hﬁﬁ\

200

A

Stress (MPa)

\
\\\

Elastic Euler buckling

/

100 Q
50  Tangent Modulus
theory
0 ! !
0 50 100 150 200 250 300 350

Slenderness

(Buckling of a imperfect column) 4sla <l gl o (5 9ay 3948 quial

Perry Formula (1886)

. l P=0 . l P
> [
g \ \
S \ \
3 \ \
é‘i €o _"_"" + ¢ _"_"']
= ) ]
=
g |/ /

| Perry Formula (BS 5950-1:2000) Annex C |

€2

(e —0,)0,—0)=nco, =z

OO, Oy +(n+1)or 7E

OE:¢+\/¢2_70_EO_)/~¢_ > »O 7z

r : Radii of gyration

z: the distance of the extreme fiber from the neutral axis of buckling.
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300

250

Stress (MPa)
[ ot ]
=] wu =]
[=] [=] [=]

%))
o

' '
---------------------------------------------------------------------

-8-Euler Formula

—&-Perry formula (n=0.001*Lamda)

=& Perry Formula (n=0.003*Lamda)

________________________________________________________

________________________

______________________________________

-----------------------------------------

50 100 150 200 250 300 350

A =L/r

Stress (o)
N

European Column Curves

Ferry-Robertson Equation

! | -

= 30 = 100
Slenderness (A4) —

Perry Factor ,n =a(41—4,)/1000>0:a is Robertson constant

| ), is the limiting slenderness (short column)= 0.2(n%E/p, )’ |
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(Classification of sections) ahaliall Cayias
(3.5.2)

o T
PySpe eSS oo — -
~ -
Class 1 plastic
Py -4 Y ot . . N _—=
Class 2 compact —

Moment

Class 3 semi-compact . . .
Local Buckling a5 quiad

Class 4 slender { }

BY
Slender > Bending f Semi-compact [ Bending f f
=Py -
Cempression By

> Bendin [F i > Bendin, I:l:‘
Compact g Plastic 2
2 Py f
Cempression

>Element geometry i
eaiall( 5kl ASLedl)

$ 2 Slastic modulus of Sros section > Stress distribution ¢ )5
CilalgaY!

Rotation > Support conditions L
> Al
>Yield strength ¢Sl Mgl
W
=py

Py

D Compression D

Py 124

—=}Neutral axis

i

Compressicn D < 2
Development of a plastic hinge

1

Table 11&12

»Element Geometry ahisll Axif : b/T, d/t (Figure 5 & 6)

> Stress distribution <lalea¥! ¢ 55 iry, 1, (Section 3.5.5)
::>>Yield strength oS! deal: &

»Element Type saiall ¢ 5 : Outstand element (External >_%),

Internal element (J3h paic) (3.5.1)

Dr Mustafa Batikha

Damascus University

17



Example 1:

S275, UB 457x152x52, Bending moment only about the major axis «ilaxil » e
(6 5) (ot Sl saall s Lo

[275
UB 457x152x52» t=7.6, T=10.9 <16mm » Table9 » p,=275Mpa » &=/~ =1

b/T=6.99 < 9¢ » Class1 (Plastic)

Plastic section ¢ ahis |

d/t=53.6 < 80¢ » Class1 (Plastic)

Example 2:
S275, UB 457x152x52, Bending moment + Axial compression force 800kN

b/T=6.99 < 9¢ » Class1 (Plastic)

3 80 80 d
r1= FC _ 800x10 —0.94 » — =41<—
dtp,, 407.6x7.6x275 I+ 1+0.94 t
100s __ 100 _,55. 98
1+1.5n  1+1.5%0.94 t
F. __ 800x10° 120¢ 120 d
= = =0.44» = =63.8>— »| Semi-Compact
Ay 6660x275 1+2r,  1+2x0.44 t P
Example 3:

S355,HF RHS 250x150x%5, Bending moment only about the major axis

275
HF RHS 250%150x5» t=5<16mm » Table9 » p,=355Mpa » & = E =0.88
b/T=27 >28¢=25
b/T<32¢=28 & b/T<62¢-0.5d/t=54.5-0.5%47=31 » Class2 (Compact)
d/t=47<64¢=56 » Class1 (plastic)

4

| Compact section S ghis |

Dr Mustafa Batikha Damascus University
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Effective section properties ghiall Alladll dprigl) Giliial gall

Sections (3.5.6&3.6) 25l

Semi-Compact

| Bending —slaxil

Doubly symmetric
section

3.6.2

Slender

Equal-leg
angle

I

Dr Mustafa Batikha

A | 364 | .1.
| Pure Bending || Pure Compression | | Acttr Zetr

N A Z
| Non-slender web | slender web | Fig. 8-a (Aqp) | S

I| Fig. 8-b (Z.r) | | Fig. 9&Fig.8-b if flange is slender as well (Z.q) | |
i

3

Alternative method (5_xx 45, ,k) for slender section (3.6.5): Pyr = ( 5 )2 Py

Notice: Compression + Bending » Compression only (A.)+ Bending only (Z )

Example:

S275, Welded section s s~k akis, pure Bending ki —Uaail o 3| Plastic flange,
slender web

i1 (4]
———1 - H .
7 Solution.
v fy=ty » Doy=605t=60x 1x8=480mm
L Py T tmm 0.4xb,,=192, 0.6b,,=288
= pa k. = 97270 cm*
Z; = 1907 cm®
3 Try x=40mm» First moment=}+ay#0
e
R § 10
— w
T1 ] 0dp,,=19

Try x=28mm» First moment=}+ay~0
1,=95285cn?, y,,...=52cm
Z,~95285/52=1832cm’ 4o

Damascus University
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Effective length to BS 5950-1:2000

Continuous Angle, Channel or | Simple structures | | Generally
Structures T(ze7ct1l%r;s
! L Table 22
[ere | x
Single angles, .
Double angles, Supporting Single Story
single channels | | internal platform buildings (D1)
or single T- floors (D2) |
sections ! Figures D1,
| Table D.1 D2. D3, D4
Table 25 and D5
Notes: (4.7.10.1) ™*° p— s
ceas |I-L—| endernessx1.
Conditions <\l il (4.7.9&4.7.13)
¥
(A, = % <50 |
w L= i
[47.9] <% =\m+2 21400y =22 F]
yy 1
L :
(Amax = TE <180 v

[ ey (4.7.13.1.€) dakuss cha s and 3 L i Ay sloiia aladl 2506 ) minl) s wlpote
aal e aaly &0 o a5 L waial) Jshasladls Y e Gu a5 O g il
ol Casiua

(471319055 e Ja gl 8 16mm o b sl Joa sl &1 JEY

Jsh o gases IS0 O 5 s iy ) Aassd 5 Ak gl) Al gl Jiede

t Cus 32t 51 300mm o s e JBY Gu 5l o il (4.7.13.1.g) seainl)
(4.7.13.2.b.1) Alaiall ¢l 52V G ASLans sl

O e Alaiall puabiall Jaullly AW e alalll 2y o) Gang calad Ao g3 Gydass gl Ala ) 3o
ASlew Jral t s 16t 51 300mMm oo alalll 5 3S se Cm 2 5Y Adlisey jaaind) Slaial Lo

. (47.13.2b.2)
v 300rare, 1 Gredr) (
L

—

1
]
= 1
T
]
'

» 0.25Q1,:Q=2.5%N,,

| re300mmn 32ty N

Dr Mustafa Batikh

a Damascus University
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| Mohr’s Circle |

y
Iy | Anticlockwise rotation is positive | v |
Y (1.5 \ i
u
. [ -
B=l20,| g a
P, P, - o * = %— m
2 1 Iy 4
v’ _._\_‘\_‘1
( | N
Umrfﬂj’) y
=21,
tan 2q = ———
[n - fry

In Egs, /,,is always to be [ o= [+ ‘(.1’}‘ lo—1
used as positive. The L 2 + )
clockwise rotation is taken

£-cos20 - I,y sin 20

— ’rw .
T3 cos2a+ 1, sin2¢

Compressive strength, p. (4.7.5)
Perry and Robertson formula (Annex C)

The formula was developed by an assumption that practical imperfections may exist
Usanll Gkt Ji ahiall (o A0l diase Gla 585 353 g (il 38l Wy ghat o3 Aalaall 038

Note (4.7.5): For Welded section in compression only
p,= p,(table9)-20

300 -

= |
\

\ Euler curve

200

\\ | Table 23, Figure 14

E
€
Z \
150 o
£
g
H
1wof @
2
8
Yo = assumed hypothetical initial §
curvature lo represent all S0F §
practical imperfections ©
y= addiliotaa! curvature due to Slenderness A
buckling L . s N
0 50 100 150 200
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Compression Design Summary (4.2)

p, (Table 9)

| Section classification ahid) cuia |

| Rolled Section | | Welded Section |

o]
.LE

JE—
Non-Slender section Jii s ki | | Slender section i ahais |
v !
a-te
r
L LE Aeff
P,=min(p,,, P.,) [table 23,24] | A==E 2 (4T4)
g

T
P,=min(p,,, P.,) [table 23,24] |

Design of Fully Restrained Beams
SIS U sl ) sall apanad

Dr Mustafa Batikha Damascus University
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Lateral Torsional Buckling of beam

Lateral Torsional Buckling of Beams

Lateral torsional buckling (s Jidll cuwias) =
Lateral deflection (s 3al3)) + Twisting (J)

Dr Mustafa Batikha Damascus University
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| For bending about x axis |
d’v
M, =-El, E
| For bending about y axis |
d’u
M Oﬂ = —EI y F
du
M,——dz
Minor axis dIB:MTL:dﬂzidz :GJd—ﬂ=M0dfu
GJ GJ dz dz
2 2 2 2
4B _ydu_ B, M 4,
dz dz dz°  GJEI,
M2
S =Acoskz+Bsinkz: k* = —2
GJEI,
V4
z=0=>p=0=>A=0,z2=L= f=0=>kL=r= M, :I /G\]E|y
Other load cases
s 4
1 Mm.cr 'J.meD.cr I |
2 MﬂMtr =§£1M0.cr i
1
+ Mmax,cr :7'MO,cr
3 MMH =mMO.=r [[ :D m
4 Mmer =1$M0‘r q ]]
e L o
| In BS 5950-1:2000 for steelwork design |
p;;#;q _ _ - ) _ )
L L K ‘M
£ 3 | .
=
m = 0.850 m = 0.925 m = 0.925 m = 0.744

Dr Mustafa Batikha Damascus University
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Lateral Torsional Buckling of an I beam

D R K
[} Ma o,
f D o2
z * (z? DEIY bt
M., =J[E,}CE!J +[7}— - ] C=61=G} ="

| Buckling of flange |

|
ﬂZE(Ty) ﬂ_ZEI
P = =

y,flange
o T 2 2 P
L L

— " Euler , flange

Second term of critical moment

The effect of load level

1

M pxer :H'M"’” m s dependent on the ratio L?GJ/E],,
D2
Iw - yT
1.8 l 4
§ 1.6 { «<++ Load at beam bottom Example for
14 Y | — Loadatbeamaxis | | | concentrated load at
: AN | — - Lloadatbsamtop mid span
1.2 =T - -
Ee 1 il TN ;
§ .—-'"'-—_. t: - ='T
o — = v
; 08 S E
S 04 O .
o
0.2 J.
1 10 100 1000
L2GJ/(El,)

Dr Mustafa Batikha
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Fully restrained beams ilsll Jidll aa GIS 3a8all 35 5al)

| 42284322 |

'

The restraint should resist a lateral force more than: 2.5% F,

clall 3 bl 5.8 (e %2.5 (e ST dpils Tk 558 a5l Of oy (ilad) 2

Laall ~Us 838

Force in compression flange F;,

'
ch=Mumax/D

ASial s &

Frictional force

!

| q4=2.5%(Load x coefficient of friction)/L ‘

| 9,=2.5% x FelL

g=q4+d;

Beam
re f =]
iz | ™
Foq(L22+L3 % 1%qL ]
omreee ~
el
12 L g q
—]
------ e ] .
F=qrL1+L2427=1%qL -—)
L1
by
raifd

k, =(02+1/N,)**

r
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Restrained beam Design Summary
[275
e |22
Py
, d d
Rolled section T <70& Rolled section | — > 70¢
t

- d
| Welded section | 9£625 | Welded section | T>628
t
} 1(4.2.3)
| Section Classifications ehiall s | | Plate girders (4.4.5) oaiia s
v

| A, (Shear area, =il ialus) (4.2.3) |

P, =0.6p, A, [>Shear verification

Webs vary in thickness <\Sleull 2aaia 2ual)
|
F,S
To be continued Section is not ok on shear Tmax =0 <0.7p,
& oatll e Gina e odaidl

Restrained beam Design Summary-continued

| Yes on shear |

F, >0.6P, | S,=Dt%/4 for equalled-flange sections | F, <0.6R,
v
[ High shear (4.2.5.3) | [ Low shear (4.2.5.2) |

-G F
| S,=5-5(or forA,) P=[2(?V)—1]2 | Slender | | Semi-compact | Plastic
- :
|Mc:pyzeff| |MC: pyseffl or
Compact
Slender ” Semi-compact | Plastic or Or P
or |MC:py,Z| |MC=pyZ|
|Mc=py(5eff _psv)l MczpyS
Or Compact
S Conservatively
Me=p, @ T o
S < .
Mc = py(zeff _%) MC _1.5pyZ ?L: g 4251
- Me <L2PyZ  ap i bt 3al
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457x152UB60

254x254UC89

shear
area Ay

Sx= plostic modulus for
whole section
plastic modulus for
shear areq

Sy

1.0
2
g 1 08‘
g
=3
§ o
§ L 061
E L
S =2
< 2
28 04
g
=
0.2
0

¥ ¥ T T

0.2 0.4 0.6 08

proportion of shear capacily present
F\F /P v

unrestrained beams sl Jidll aca saall e 3 51l (4.3)

—

= ———l Destabilizing load (<l 5 ,44)= increasing the twist (Jiall 34 ) |

| Effective length Lg (J=il J,10) (4.3.5) |

| Cantilevers ,uLY! |

Beams ¥ sl
.\};} e&:

- —

|

A, Normal load
—~—— LIt

N i 2s8 | e =L b) a)
Abas f=—= LIt = LIt —=
- a8kl daleall o
c4 or d4 (Table 14) Table 14 WA 358 3sms ﬁ}';} ex_"
l FR Blaig ol

| Lg=(case a+ case b)/2 | l

Note: Bending at tip »

| Destabilizing load |

Lg =max (1.3 Table14,
Table14+0.3L)

Normal load Lg = 1.L;

Destabilizing load Lg = 1.2L,

e

Aal V1 e g sia e Table 14 for L

A 5Y) g shen g sb clindl |of =121,
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|
|
a9 3F

7 J i J ]

"
-1 in

!
4

(i i} (iii} {iv)
a) Both flanges fully restrained against rotation on plan

i i
¥ "

|
.1
I

-
-

(i) i}
b) Both flanges partially restrained against rotation on plan

(i) (i) (i) {iv)

o -
I}
& v
¥y

v) {vi)

c) Both flanges free to rotate on plan

— I

42 7 d

d) Partial torsional restraint against e) Partial torsional restraint against
rotation about longitudinal axis rotation about longitudinal axis
provided by connection of bottom provided by pressure of bottom flange
flange to supports onto supports
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Unrestrained beam Design

&= 7_,| Section classification ehidl Casiias |

CHS&SHS

Bending only around
minor axis ( Js aal
Jaih Capaall ) gadll)

_/

~

—
I, H, Box, Single angles
Channel, T and (4.3.8)
plate —
l ‘\I : I-_Lv—v
e L
g . y
R =
equal legs Unequal legs
Ol 4y 5luiia (4.3.8.3) O] Ay ldia e

No lateral torsional buckling
(s J8 wisaY) (4.3.6.1)

¥

b/t<15¢

M. =M,

X cx

A/ Heel
| Heel in tension |<\ﬁ'

Heel
| Heel in compression | <ﬂ

13506 — L /T,

Mo =Py (05,

)<0.8p,Z,

| I, H, Box, Channel, T and plate sections

| Plastic or compact: B,,=1

== avteis|[RHS | Ratio B,, -l (4.3.6.9)

Iy

| T Section || Piates and flats || I, H and Channel |

Semi-compact:
Z,in use» B,=Z,/S,

S, eff IN USE» bw=8, /S,

| B.2.8 | | B.2.8 | /”L:L—E Slender: BW=ZX1€ﬁ/Sx|
B,Led "y
Mo | | ARotkae0s |
Rolled: u=0.9
t o <—
22E (4.3.68) welded: u=1
Aip > A =04 V
Py v (Table 19) _ Iy | | Equal flanges:
! (4.3.6.7) 1 Lo+ 1y n=0.5
p, Table 16 or 17(B.2.1) | ¥
At =W B, x=D/T (4.3.6.8) |
| Slender | | Semi-Compact |
|Plastic or Compact | A <a —o4|TE
|Mb:pbzx,eﬂ||Mb:prx| Lo py

v

Restrained beam » Mx < Mcx
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Compared between the design curve and research data
Mp
My UB 610 x 229 x 101
1.0 7 load at bottom flange
08 7 load ot centroid
0.6 —
0.4 o load ot top flonge
0.2 . .
basic design curve vil—
0 T T T T T I I I I I I T T
02 04 06 08 10 12 14 16 18 20 22 24 26
A
Lateral —torsional buckling of a tip-loaded cantilever
Beam
AY / 4 My
¥ 4 !
IIHHHHIHHHHHIHHH_IHIHHIIIIHI M. (4.3.6.6)
Bending moment

diagram

Cantilevers without Destabilizing loading
intermediate lateral Mk
| Others | | Plates and flats | rostraint yiaill 5 i

N

— by Claled g ek
m, +=1 e U _
e
o
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Web subject to concentrated load 38 s« &l seal (2 j2a 2l

(( Web Bearing aall 43(4.5.2.1) |——| Figure 13

a) Web bearing b) Web buckling

Web falfure modes

Away from the end

L]
At the end T jlz

Near the end _,L f

——
1

nk nk+by r 2£ i 35"3 1 r
ﬁl T || by =ty+1.6r,+2T
5, be, b, b, 1 1 1

| K=T+r |—{ Rolled

n=2+0.6b?eS5

| K=T H Welded Away from the end n=s5

Pow = (b; + nk)tp,, > Concentrat ed load

Web subject to concentrated load 38 s« &l seal (2 j2a 2l

b b

I . I + | Web Buckling sl i (4.5.3.1) |
}

Zj
b

Movement )Z

25¢t 275
P &=
(b, +nk)d Pyw

Flanges

=
LE=0.7d I <——| No rotation and no movement |
v

e

| a,<0.7d

_8,+0.7d
T qad

0.7d
Py = . P LE=d | L (Table 22)
E ‘ i

P, or P,.2 Concenrated load |
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Deflection s« (2.5)

Serviceability loads |—' a) LL
b) 0.8LL+0.8WL
c) WL
Deflection limits aedl 252s (Table 8) | d) 0.8LL+0.8CL
e) CV
f) CH
ML?
o=p <Table 8
El
-3 = 1> =
i bbb iidd i i i
£ 0 A AN
== = B [=="_~1 (=

= M= e

Members with Combined Moment
and Axial force
4\.1)};.40)5}&4\.2:4\ e)ﬂ:\.a..a)sud\ )mhﬂ\
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Tension members with moment —slasil 5 24 3 581 da jadll jualiall (4.8.2)

a = d » neglected moment

pure tension design e aeal

Jage =l

SHball 2l

a<10%

load Alage 251 3 4

Pure bending design aw<i
Shall Gldari¥) o e e

d » neglected tension

Tension members with moment design

e

275
&= _|— —»l Sectio
Py

n classification il Cajias |

| For plastic& compact sections |

| More exact method (4.8.2.3) |

—

| General Case ) Al |

| simplified method (4.8.2.2)

Tension with Tension with minor || Tension with major : M
biaxial axis moment only axis moment only i+ M,y Y <
moments e & Jss Gl ge 23 Jss callanil ga 23 P, Mg o
ol o e apmall ) sl A sl
M _l S M _l S 2 = axial load / t.py
. v = PySry = Pyon Su = Se-tat/d
Continued 7 7 Sy =S -att/4
M y <M ry M x S M rx
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Tension members with moment design-continued

| Tension with biaxial moments iV a5 ae 25 |

———
‘/D \ I and H sections

| All others sl @¥ls | E @ O with equal flanges

(22753 | z-2,2 | A oiie Ainy
|

7,22
Z,=1
——
Z, M Zy
ERER
M M ry
Note: in all cases of tension members with My
moment, lateral-torsional buckling should be M < m
checked (sl Jidll cuiad (3815 (4.8.2.1) LT

Compression members with moment «tasil 5 Jaaa 5 &l dia jaall jualiall (4.8.3)

py : ([ a I—a-n(ial load / t.p,
= Dy
M M Py | Se =S -tati4
F: F F: Sy =8, -atf/a
— + a —_————y— 2 = —
L ‘
— — >t
py VAN

a=F/pt ° '

a 2 d » neglected moment Jege a2l

pure compression design iball bzl e aaar

a < 10%d » neglected compression load lage bl & 4

Pure bending design iball Gilhaai¥) o e Jo aaai
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Compression members with moment design

275
e |22
Py

—»l Section classification ehidl Casiias |

=

| For plastic& compact sections |

| More exact method (4.8.3.2) |

—

| General Case =l Al |

| simplified method (4.8.3.2)

Compression Compression with Compression with ! M
with biaxial minor axis moment || major axis moment Fe + My +—3 <1
moments b || only ilasil go b || only «itasi) ao ot Ag Py M o« MCy
eVl ase as gl ) sl Jsa gl )l Jsa f
: ! | Slender section: A;=A
Mry = pySry er:pysrx
| Continued | 7 7
M, <M, M, <M,

Compression members with moment design-continued

| Compression with biaxial moments cpalail a5 je as aia |

—

L

| All others Al eVl | DE @O

I and H sections
with equal flanges

MTX

Z, M Zy
=L <1
J [MWJ

(22753 | z-2,2 | e daiaY)
!
7,2
Z,-1
—

Note: in all cases of compression members with moment, member buckling

resistance should be checked cuisill e jiaiell 4 las (3825 (4.8.3.3)

Dr Mustafa Batikha

Damascus University

36



Compression members with moment design-continued

| Member buckling resistance «uisill jaisll 4 i (4.8.3.3) |

M - ”
—— o —— el Major axis moment
mary
l . é moment _l_ e
\ , Deflected %, Secondary !
W‘{ shape moment
1 1 Y
\ \ Y
| SLARRYo -
I ] ¥ v -
I |
) i
! )
! ! —
T F Bending moment T

In-plane “ Qut-of-plans o

Flexural buckling: ztj:¥) s callaai¥l i 5al 30 e =36 caiss || Lateral-torsional buckling:
(Gl o 3all (g sina (i 8) Jaaall 38 S s Jualal) S siun B ) (ilal) Jidl) Cuias
(Geaall o 32l

Compression members with moment design-continued

| Member buckling resistance «uisill jaisll 4 i (4.8.3.3) |
v

X s Apaall Jaiall 5 8 2anti 4y g3l (L) ¢l e (ML) sl sl Jom pall 5alS Jelas:
Mxmax=Mx 5o 5l 1 Ghj (Table 26) -(pcx)

]
Jsa Apaal) Laiall 5.8 20a% 4y 6315 (L, ) = 5ol Gl (M) Chmal) sadll s el 83 Jalaa:
My ax=M, 2323 ¢ 520 18 e s (Table 26) .(pgy) Y

v
Jsn Apaal) Lascall 558 2aati 43 G315 (L, ) s 5ad) e (M) Cenal) S saall Jsm o all 58130 Qs
.(my,:To be used with out-of-plane buckling) (Table 26) .(p,) x

y
| m, (unrestrained beam), P =Min(p,,,p,), M 7=M, ., in the segment where My, occurs |

| Simplified method (4.8.3.3.1) |

| For plastic& compact sections |

X . . : ,
| More exact method (4.8.3.3.2-4) | | MlnoraX|f buckling | |General¢buckllng|

E+LW+MSI

F. m+ M m,M
o MMy TyMy

Pey

<1

My pyZy R pZi RZy
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Notes

Slender Section: Z=Z

F=F.=0, M,#0 and M #0 » Biaxial moments (4.9)» The design
is according to compression with moments case with F =0

In sway mode JSS Liidl g sl 342 3Y1 Ala: my,m, and m,, 2 0.85

Columns in simple structures LY e clisd) Ji31eY) (4.7.7)

| Simple structures= pinned columns + bracing or shear wall for horizontal resistance |

Front Elevation Side Elevation

Lift shaft or stair well
-
/i

Plan
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Columns in simple structures LY e cliid) g8 saac)

%

1

| M, as unrestrained beam, ,+=0.5L/r, for simplicity |<7

/L

A,
b n
i | 2 sanll 4 e 100MM 2y Sl 2 o) ) (=i |
ii;t:: l
o-ad | Nominal moment=M
X mij' 7
‘odl]
'lk)* { L
I8 L2 M.m{_\
42
E -
sy M
Nominal moment = R (D /2 + 100 mm) Nominal moment = R{#/2 + 100 mm) L1 Mo
1 1
Note : ZmX < 5— M, =M, =M /2
in
| Lg (Table 22), Typically=(0.85L or L) !
I:c M X y
- —+—24+—Z1
P,=min(P,, P,,) | P, My PZ,
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