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Column Key Facte

€ = 205,000 MPa (cteel)

Y = 8.5 /i (unit weight)
A max = 130 (BS 5950)

py (275) = 225 MPa

py (§355) = 355 MPa

Strut carve b= (C minor axic

\

What ic a Steel Column

®  Primary compreccion member — load actc along longitudinal axic
©  Alco called ctanchion (building), strut (truse), poct (Frame)

©  Short column = Squach/yield governs (low N)

©  Slender column = Buckling governc (high N)

UC / I-Section
Britich ctd
UB254x126x37

RHS / SHS CHS
Hollow cection
100x100x7 SHS

Circalar hollow

Best torsion resict

Angle / UPN

UPN = Channel

Bracing use

H/HD/ HEA

German std
HEA380 (d=380mm)
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End Conditions & ky Valued(er)

la-2 0l

Fix-Free
k=20

lamn sl lamnal
Fix-Pin

07

A
Pin-Pin
ky=1.0

Fix-Fix
k=05

Fix=0.5 - Pin-Pin=1.0 - Cantilever=2.0 - Sway always increaces ky!

vy
FF-Guay
ky=1.0-1.5

PECEYS
FP-Suny
bye1.2

y
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Slendernece Patio (A

Meaning: How “clim” the column ic ve itc buckling recictance. Tall thin = high N. Short fat = low A.

@) < 30 - Stocky. Squach/yield. P = Agxpy
30120 — Inelastic buckling. Perry-Robertcon
@) > 720 — Elastic buckling. Euler governs. (ow capacity!
Significance: Determines which failure mode, which formula, and which strut curve (a/b/e/d) to use in BS 5950 degign.

BS5950: N < 180 max - Sweet spot: N = 50-90 for efficiency

DM: ky(eway)=1.5 - ky(cantilever)=2.0 - Laced ctrute: Ik = ly

>

\

Radius of Gyration (r

Meaning: How far the cection's area ic spread from ite centroid. Larger r = more recictance to buckling.

farge  m=m=== e = =~ X

r_y (emal

Joverns!
[ qa 9e)

o UC:r_y << rx — weak Y-Y axic alwaye governs

o CHS: rx = r_y — equal all directions, bect for comprecsion
o RHS/SHS: near-equal r — good compression choice

®  (aced strute: design <ok = ly (equal buckling each way)

Alwaye use r_min (V-Y axic for UC) to get N_max for decign
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Euler ﬂnear

[ P,:nza’/éf] [ 0,:11‘6/)\‘]

®  alid: perfectly elastic, pin-ended, straight
®  Ignores imperfectione & recidual ctrece

©  Only accurate for very clender (high N)

o € = 205,000 MPa for cteel

Real columne fail earlier than Euler! Perry-Robertcon corrects this.
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Short ve Slender C‘a/um

Squash!|

A<30

Short Column
Yielde first
P=Agxpy

Slender Column
Buckles firct
P = Pe (Euler)

N\
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Perry—koéerts‘o

(0= a0 1000 | (A, - 0.2/ () )

® 1 = Perry imperfection factor

o & = Robertcon constant (From ctrut carve)
® N=0- perfect Euler column (impocsiblel)

© N T = wore imperfection = lecc capacity

o Real pe alwaye lece than Euler




l Think: 1) = column’c uglinese factor!”

N

Euler to Decign — Logic Pat

Geometry | Effective Slenderness Euler Fe | Perry) Get pe Pe=Agxpe L Pe2P?
{ cection Length Le A=tefr STEA? imperfection | | ctrat table || B 5950 Pace/Fail
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BS 5950 — Steel Column Decign (VAE Primary Code

Comprescive Recictance:

P, = decign compreccive strecc from strut tablec based on N and py (Nfmm?)

Section Claccification:

(s 1 Pnstic) Ctnss 2 Compact [ e 3 Goms [ e 4 Glonder)

Strut Curves:

Curve Section type a
a UC major axic 2.0
b UC minor & uce 35
¢ Welded cectione 5.5
d Hollow/thick 8.0

% i Best everyday ohaicel”

Steel Gradec:
Grade t<16mm t=63mm
6ry3/S225 275 255
Grso/$355 355 335
Grade 55 450 430
Grade 63 920 q00
As36 (AISC) 250 250
Check: P, 2 P applied - N < 180
\ J
r "
Sway Limite — Full Detail
5 Condition Limit
General frame sway H/200
N Frame + brick wall H/200
= ] Sencitive cladding H/300
No Suay Sway!® Beam DL+(L (/200
Le cmaller Lelarger Beam (L only (/360
Roof (L (non-plaster) (/200
Crane girder (wind) (/500
Braced (No-Sway) Unbraced (Sway)
® (ateral loade by bracing/core ®  Columng recict lateral loads
® ky=05-1.0"Lower (e o ky=1.0-2.0 Larger (e
©  More economical columns ®  [eavier cection required

DM rule: 8/h < 1/200 for no-cway ascumption. IF exceeded = cway frame method + amplified moment factor kr
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Column Curve — pe ve N (35'5750

275

225 7

1725 7
Elactic

pe
(Wom?), |

% 20 Slevdernece N 790 e

Curve b ic default for UC columns about minor axic. Lower curve = more imperfection = lecc capacity.
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DM Code — G+ & G+4( D)

o Bagic: BS 5950 + Eurocode 3
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o Weld code: AWS D1.1

®  Min bolt edge dict: 1.5D

®  Wind guct: 45 m/c /3 cec

o Sway limit: /200 6+1/6+4

o C(antilever ky = 2.0

o Sway frame ky = 1.0-1.5

o Min PEB plate: & mm

®  CE marking + will certe required
®  NOC + 3rd party ingpection

o Hot-dip galanizing (exposed)

I A\ Always check latest DM circular!
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Base Plate Desig

o Dictributec column load to foundation
o Area: A=P/F, (bearing stresc)

®  Thicknese: t =V (3w/py) x ¢

®  Anchor bolts recict uplift + chear

o Alwaye include grout layer 25-50mm

P 4
(| s | ]
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Combined Axial + /f/lﬂmth
F/Pe + M/Mex < 1.0

®  Columng rarely carry pure axial load

®  Eccentric load, wind = add moment M
o Check: F/Pe + M/Mex < 1.0

®  Point inside curve = SAFE

M/Me

\

Modec of Failurd

Flexaral Buckling
Weak axic bending. Most common. fiigh A

? Torsional Buckling

24, Twicte longitudinally. Open cections.

Izm/ Buckiing
Flange/web buckles. Clace 3/4.

N
Squashing
Short column, low N. Yielde firct.

- Flexural-Torcional
Bends + twists. Asymmetric sections.

"Lateral-Torcional
With moment. Flange buckles lnterall.

{ Fairly Few Turtles Locally Squash Cimes” — Flexural F-T TorsionalLocal-Squash-( T
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Strengthening Optioh@

©

Reduce (e
St v, (haTE el

+

Stiffenere
Fenrint ol skt

Cover Plates
e £ g

A
Upsize Section
Fivasar (R0

Fix Ends
Pomm=a flsvadt (o k!

o]

Built-up/CFRP
Bty vl

Laced ve Battened Column:

Laced Column
Diagonal lacing bare

Design: b = ly

Battened Column
Horizontal batten plates
Spacing controlled

[ Cheapect fix: Fix ende => Brace = Stiffen = Cover plates = New section




Worked Problem — BS 5950 Column Desig

Given: P = 45 kN - { = 3.5 m - Both ende pinned - Grade $275 - Try 100x100x7 SHS - Ag = 2640 mim? - ¥ = 39.6 wum

Effective Length
Both pinned = ky = 1.0
Le=1.0x 3500

Le = 3500 mm

Slendernece Ratio
A = Le/r = 3500/37.6
A=884<180/

Euler Fe
Fe =Tt %205000/88.4%
Fe = 258 MPa

BE 5950 Strut b
pe = 175 Nfmm?
Pe = 2690 x 175
Pe = 462 k)

0/}

DM Code Check
DM = BS 5950 basic
Same P applies

Pe = 962 kN

462245 PASS

Obgervation
Utilication = 10%
Over-decigned!

Try 50x50 SHS L

.

[ v 100x100x7 SHS ($275) PASSES BS 5950 & DM for 45 kN — utilication only 10%, could downgize! ]

DM Exam M 676-+)

1. Yield strength Grade 43, t<16mm?
a) 2506) 355¢) 275d) 420
v Answer: c) 225 Nfomm*

2. ky value for cantilever column?
a) 0.56) 1.0¢) 1.5d) 2.0
V' Ancwer: d) 2.0

3. Allowable sway limit (3eneral frame)?
) H/1006) Hf200¢) H/300d) H/500
V' Answer: b) H/200

4. Laced strute decigned for?
) beoly) Ieelye) beelyd) k=0
v Ancwer: b) k= ly

5. Crane girder deflection (wind)?
a) {/2006) (/360c) (/500d) (/240
V' Answer: ¢) (/500

L
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Common Mictaked Water 0ut!

Using r_x instead of r_y for UC
Alwaye use r_min (weak axic) = gives N_max => governe decign

Wrong ky for sway frame
Sway frames: ky=1.0-2.0, not 0.5-0.7. Always check braced ve unbraced!

Ignoring cway in G+4 framec
Multi-storey anbraced frames: check cway at EVERY storey, not just top

Ucing wrong strut curve
Default for UC minor axic = curve b. Welded cections = curve c. Mot interchangeable!

Forgetting DM local requirements
CE marking, will certs, NOC, 3rd party check — all mandatory in Dubai projecte

—J ___J  ___J _J__J
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Quick Referen
Key Formulas

(Astetr - rV @A) |  Pemerpte?] [ postigupe |

ky Values
Condition &
Fix-Fix 0.5
Fix-Pin 0.7
Pin-Pin 1.0
FF-Sway 1.0-1.5
Cantilever 20
Sway Limite
General cway H/200
Beam (L only (/360

Crane girder (/500




Key Numbere
Y =78.5kN/m? - €=205,000MPa. - Nmax=180 - AWS D1.7 - Min bolt edge=1.5D

Steel Column Design Notes
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