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Architecture 324
Structures II

Steel Column Analysis

• Failure Modes
• Effects of Slenderness
• Stress Analysis of Steel Columns
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Leonhard Euler (1707 – 1783)

Euler Buckling (elastic buckling)

– A = Cross sectional area (in2)
– E = Modulus of elasticity of the material (lb/in2)
– K = Stiffness (curvature mode) factor
– L = Column length between braced ends (in.)
– r = radius of gyration (in.)

𝑃௖௥ ൌ πଶAEKL𝑟 ଶ ൌ πଶIEሺKLሻଶ
portrait by Emanuel Handmann,1753
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Analysis of Steel Columns

Conditions of an Ideal Column

• initially straight
• axially loaded
• uniform stress (no residual stress)
• uniform material (no holes)
• no transverse load
• pinned (or defined) end conditions
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Analysis of Steel Columns

Short  columns
Fail by material crushing
Plastic behavior

Intermediate columns
Crush partially and then buckle
Inelastic behavior
Local buckling – flange or web
Flexural torsional buckling - twisting

Long columns
Fail in Euler buckling
Elastic behavior

short   intermediate      long

Transition 
Slenderness
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Failure Modes
Column 1: Strong axis flexural buckling
Column 2: Web local buckling
Column 3: Weak axis flexural buckling
Column 4: Torsional buckling
Column 5: Flange local buckling

“Dancing Columns”
Sherif El-Tawil
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Analysis of Steel Columns

Estimate of
effective length factor, K

K = 2.0
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Analysis of Steel Columns

Estimate of K:
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Determining K factors
by Alignment Charts

Sidesway Inhibited:
Braced frame
1.0 > K > 0.5

Sidesway Uninhibited:
Un-braced frame
unstable > K > 1.0

More Pinned:
If Ic/Lc is large
and Ig/Lg is small
The connection is more pinned

More Fixed:
If Ic/Lc is small
and Ig/Lg is large
The connection is more fixed

G = 
∑ ಶ಺ಽ ೎೚೗ೠ೘೙∑ ಶ಺ಽ ್೐ೌ೘

Sidesway inhibited
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Determining K factors
by Alignment Charts

Sidesway Inhibited:
Braced frame
1.0 > K > 0.5

Sidesway Uninhibited:
Un-braced frame
unstable > K > 1.0

More Pinned:
If Ic/Lc is large
and Ig/Lg is small
The connection is more pinned
and in this case unstable

More Fixed:
If Ic/Lc is small
and Ig/Lg is large
The connection is more fixed G = 

∑ ಶ಺ಽ ೎೚೗ೠ೘೙∑ ಶ಺ಽ ್೐ೌ೘

Sidesway uninhibited
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Analysis of Steel Columns - LRFD
Euler equation:

Short & Intermediate Columns:

Long Columns:

Transition 
Slenderness

short                         long

Equation E3-2

Equation E3-3
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Analysis of Steel Columns
pass / fail by LRFD

Data:
• Column – size, length
• Support conditions
• Material properties – Fy
• Factored load – Pu

Required:
• Pu  ø Pn (pass)

1. Calculate slenderness ratios: Lc/rx and Lc/ry (Lc = KL)
The largest ratio governs.

2. Check slenderness ratio against upper limit of 200 (recommended)
3. Calculate transition slenderness 4.71 𝐸/𝐹𝑦

and determine column type (short or long)
4. Calculate Fcr based on slenderness
5. Determine øPn and compare to Pu

Pn = Fcr Ag ø = 0.9
6. If Pu  ø Pn , then OK

Short

Long
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Example - Analysis of Steel Columns
pass / fail  by ASD

Data:
• Column – size, length
• Support conditions
• Material properties – Fy
• Factored Load – Pu

Required:
• Pu  ø Pn (pass)

1. Calculate slenderness ratios: Lc/rx and Lc/ry (Lc = KL)
The largest ratio governs.
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Example - Analysis of Steel Columns
pass / fail  by ASD

Data:
• Column – size, length
• Support conditions
• Material properties – Fy
• Factored Load – Pu

Required:
• Pu  ø Pn (pass)

1. Calculate slenderness ratios.
The largest ratio governs.

2. Check slenderness ratio against
upper limit of 200 (recommended)
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3. Calculate transition slenderness 4.71 𝐸/𝐹𝑦 and determine column 
type (short or long)

4. Calculate Fcr based on 
slenderness

5. Determine øPn and compare to Pu

6. If Pu  ø Pn , then OK

Example - Analysis of Steel Columns
pass / fail  by ASD

W8x35
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Analysis of Steel Columns
capacity by LRFD

Data:
• Column – size, length
• Support conditions
• Material properties – Fy

Required:
• Max load capacity

1. Calculate slenderness ratios.
The largest ratio governs.

2. Check slenderness ratio against upper limit of 200 
(recommended)

3. Calculate  transition slenderness 4.71 𝐸/𝐹𝑦 and 
determine column type (short or long)

4. Calculate Fcr based on slenderness

5. Determine øPn and Compute allowable capacity:  
Pn = Fcr Ag Pu = øPn

Short

Long
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Capacity Example 1

Free standing column
Third floor studio space
Supports roof load = 20 psf DL + SL

snow ≈ 15lbs / FT depth
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Capacity Example 1

1. Calculate slenderness ratios.
The largest ratio governs.

2. Check slenderness ratio against 
upper limit of 200 
(recommended)

3. Calculate transition slenderness 4.71 𝐸/𝐹𝑦 and determine 
column type (short or long)

4. Calculate Fcr based on 
slenderness
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Capacity Example 1

5. Determine øPn and Compute 
allowable capacity:  Pu = øPn

DL = 20 psf
20 psf (1600 sf) = 32k on column

78.2 lbs / 15 lbs/ft = 5.21 ft
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Capacity Example 2
long column – using equations

Find the capacity for the
25 ft. column shown.

rx = 3.51 in.
ry = 2.03 in.
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Capacity Example 2 
long column – using table


