
Architecture 324

Structures II

Steel Beam Analysis 

Part 1

• Steel Properties

• Steel Profiles

• Steel Codes: ASD vs. LRFD

• Analysis Method 
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Standard section shapes:

W – wide flange

S – American standard beam

C – American standard channel

L – angle

WT or ST – structural T

STD, XS or XXS – Pipe

HSS – Hollow Structural Sections
Rectangular, Square, Round

LLBB , SLBB - Double Angles

Nomenclature of steel shapes
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Different sections are made with 
different grades of steel.

Most structural shapes are:
A36  Carbon Steel    Fy = 36ksi
A992  High Strength Fy = 50 ksi

Steel Grades – Rolled Sections
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Columns:

Closer to square
Thicker web & flange

Beams:

Deeper sections
Flange thicker than web

Steel W-sections for beams and columns

University of Michigan, TCAUP                                                              Structures II                     Slide  4 of 15



Columns:

Closer to square
Thicker web & flange

Beams:

Deeper sections
Flange thicker than web

Steel W-sections for beams and columns

Photo by Gregor Y.
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Young's Modulus
Young's Modulus or the Modulus of Elasticity, is 
obtained by dividing the stress by the strain 
present in the material. (Thomas Young, 1807)

It thus represents a measure of the stiffness of 
the material.

E = 29000 ksi E = 3500 ksi

E = 1000 ksi
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Developed by Scott Civjan
University of Massachusetts, Amherst
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Stress vs. Strain – mild steel

strain hardeningplastic
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Stress vs. Strain – AISC design curve
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Stress Analysis – Two Methods

Allowable Stress Design (ASD)

• use design loads (no F.S. on loads)

• reduce stress by a Factor of Safety  F.S.

Load & Resistance Factored Design (LRFD)

• Use loads with safety factor   

• Use factor on ultimate strength  
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LRFD Analysis

Load & Resistance Factored Design (LRFD)

• Use loads with safety factor   

• Use forces with strength factor  

Design Strength Required (Nominal) Strength

ASCE 7 - 2016



Beam Strength vs Unbraced Length
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(for doubly symmetric sections)

Steel Beams by LRFD

Yield Stress Values
• A36 Carbon Steel     Fy = 36 ksi
• A992 High Strength  Fy = 50 ksi 

Elastic Analysis for Bending

• Plastic Behavior  (zone 1)
Mn = Mp = Fy Z < 1.5 My    

• Braced against LTB (Lb < Lp)

• Inelastic Buckling “Decreased”  (zone 2)
Mn = Cb(Mp-(Mp-Mr)[(Lb-Lp)/(Lr-Lp)] < Mp

• Lp < Lb < Lr

• Elastic Buckling   “Decreased Further” (zone 3)
Mcr = Cb * π/Lb √(E*Iy*G*J + (π*E/Lb)^2 * IyCw)

• Lb > Lr
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Lp = 1.76 ry E/Fy

Mp = Fy Zx

Mr = 0.7 Fy Sx

Cb is LTB modification factor

Cb

12.5  Mmax
2.5 Mmax 3 MA 4MB 3MC



Steel Beams by LRFD

Yield Stress Values

A36 Carbon Steel     Fy = 36 ksi
A992 High Strength  Fy = 50 ksi 

Analysis for Bending

• Plastic Behavior  (zone 1)
Mn = Mp = Fy Z  <  1.5 My    

• Braced against LTB (Lb < Lp)

• Inelastic Buckling “Decreased”  (zone 2)
Mn = Cb(Mp-(Mp-Mr)[(Lb-Lp)/(Lr-Lp)]  <  Mp

• Lp < Lb < Lr

• Elastic Buckling “Decreased Further” (zone 3)       
Mcr = Cb * π/Lb √(E*Iy*G*J + (π*E/Lb)^2 * IyCw)

• Lb > Lr
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AISC 15th ed.
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Design for Shear

Shear stress in steel sections is 
approximated by averaging the stress 
in the web:

Fv = V / Aw

Aw = d * tw
To adjust the stress a reduction factor 
of 0.6 is applied to Fy

Fv = 0.6 Fy

so,   Vn = 0.6 Fy Aw (Zone 1)

The equations for the 3 stress zones:

( in all cases = 1.0)
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Design for Shear 

Steel


