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Steel Beam Design

ÅAmerican Institute of Steel Construction

ïManual of Steel Construction

ïASD & LRFD

ïcombined in 2005



F2018abnSteel Beams 3

Lecture 18

Architectural Structures

ARCH 331

Steel Materials

Åsmelt iron ore

Åadd alloying elements

Åheat treatments

Åiron, carbon

Åmicrostructure

AISC

A36 steel, JOM 1998
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Steel Materials

Åcast into billets

Åhot rolled 

Åcold formed

Åresidual stress

Åcorrosion-resistant 

ñweatheringò steels

Åstainless Cold Formed

Hot Rolled

AISC
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Steel Materials

Åsteel grades

ïASTM A36 ïcarbon 

Åplates, angles

ÅFy = 36 ksi  & Fu = 58 ksi

ïASTM A572 ïhigh strength low-alloy

Åsome beams

ÅFy = 60 ksi  & Fu = 75 ksi

ïASTM A992 ïfor building framing

Åmost beams

ÅFy = 50 ksi  & Fu = 65 ksi

-- ASTM A913
Å some columns

Å Grade 65 and 70
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Steel Properties

Åhigh strength to weight ratio

Åelastic limit ïyield (Fy)

Åinelastic ïplastic

Åultimate strength (Fu)

Åductile

Åstrength sensitive 

to temperature

Åcan corrode

Åfatigue

Winnepeg DOT

strain hardening
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Structural Steel 

Åstandard rolled shapes (W, C, L, T)

Åopen web joists

Åplate girders

Ådecking
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Steel Construction

Åwelding

Åbolts

http://courses.civil.ualberta.ca
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Steel Construction

Åfire proofing

ïcementicious spray

ïencasement in gypsum

ïintumescent ïexpands

with heat

ïsprinkler system
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ÅASD

ïbending (braced) W= 1.67

ïbending (unbraced*) W= 1.67

ïshear W= 1.5 or 1.67

ïshear (bolts & welds) W= 2.00

ïshear (welds) W= 2.00

* flanges in compression can buckle
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Unified Steel Design
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Unified Steel Design

Åbraced vs. 

unbraced
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LRFD

Åloads on structures are

ïnot constant

ïcan be more influential on failure

ïhappen more or less often

ïUNCERTAINTY

f- resistance factor

g- load factor for (D)ead & (L)ive load

nLLDDu RRRR fgg ¢+=
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LRFD Steel Beam Design

Ålimit state is yielding all across section

Åoutside elastic range

Åload factors & resistance factors
 

E 

1 

fy = 50ksi 

ey = 0.001724 

f 

e 
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LRFD Load Combinations

Å1.4D 

Å1.2D + 1.6L + 0.5(Lr or S or R)

Å1.2D + 1.6(Lr or S or R) + (L or 0.5W)

Å1.2D + 1.0W + L + 0.5(Lr or S or R)

Å1.2D + 1.0E + L + 0.2S

Å0.9D + 1.0W

Å0.9D + 1.0E
ÅF has same factor as D in 1-5 and 7

ÅH adds with 1.6 and resists with 0.9 (permanent)

ASCE-7

(2010)
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Beam Design Criteria (revisited)
Åstrength design
ïbending stresses predominate

ïshear stresses occur

Åserviceability
ïlimit deflection

ïstability

Åsuperpositioning
ïuse of beam charts 

ïelastic range only!

ïñaddò moment diagrams

ïñaddò deflection CURVES 
(not maximums) 

+

=

+
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Steel Beams

Ålateral stability - bracing

Ålocal buckling ïstiffen, or bigger Iy



F2018abnSteel Beams 17

Lecture 18

Architectural Structures

ARCH 331

Local Buckling

Åsteel I beams

Åflange

ïbuckle in 

direction of 

smaller radius 

of gyration

Åweb

ïforce

ïñcripplingò
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Local Buckling

Åflange

Åweb


