
CHAPTER 5

BEAM COLUMN



I. INTRODUCTION

�Beam Columns are structural 
members subjected to:
� Bending moment (Simple or Bi-Axial)

� Shear Force (Usually associated with the 
bending moment)

� Torsion

� Axial Force

�Combined Behavior of Beams and Columns



II. APPLICATIONS
� Columns of Frames

� Columns of Framed Truses

� Multi-Storey Buildings



III. Buckling Length of Columns

� Well Defined End Conditions



III. Buckling Length of Columns

� Columns in rigid frames



IV. Section Classification

� Stiffened Web 



IV. Section Classification

� Stiffened Web 



IV. Section Classification
� Un-stiffened Flange

� Subjected to uniform 
compression

� Same limits as Beams and 
Columns
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V. Behavior of Beam Columns

� The applied Bending Moment 
Produces A deflected Shape

�The Normal Force Produces 
Additional Bending Moment due to 
the Deflected Shape that should be 
added to the Original Bending 
Moment (Second Order Effect)



V. Behavior of Beam Columns



V. Behavior of Beam Columns



V. Behavior of Beam Columns

� A = Amplification Factor

� P = Actual Normal on Column

� PE = Euler Buckling Load of Column

� fca = actual axial stress on Column

� fEX = Euler Stress



V. Behavior of Beam Columns

� Cm = Moment modification factor

� Frames prevented from side sway without 
transverse loads

� Frames prevented from side sway with 
transverse loads

� Fixed at ends Cm = 0.85

� Simply supported Cm = 1.0

� Frames permitted to sway Cm = 0.85



VI. Check of Stresses

� fca = Actual axial stress = (N / Area)
� Fc = Allowable axial stress (column equations)
� fbx = Actual bending stress about X (Mx / Zx)
� fby = Actual bending stress about Y (My / Zy)
� fbcx = Allowable bending stress about X (Beam equation)
� fbcy = Allowable bending stress about Y (Beam equation)

� If fca / Fc < 0.15 take A1 and A2 = 1.0



VII. Design Steps
� Determine Statical System:

� Straining Actions (M, N, Q)

� Determine Buckling Lengths (Lx, Ly, Lu)

� Determine Cb and Cm

� Deal with each braced segment as a separate beam column

� Selection of Section (Approximate Design)

� Obtain approximate Z from applied bending. Note that the 
section is also subjected to Normal force (reduce the 
allowable stress)

� Choose a section

� Get properties (A, Ix, Iy, Zx, Zy, ix, iy, …etc)



VII. Design Steps
� Determine section classification:

� Compact

� Non-compact

� Check Safety of Stresses

� Determine actual stresses (fca, fbx, fby)

� Determine allowable stresses (fc, fbcx, and fbcy )

� Calculate amplification factors (A1, A2)

� Check safety of normal stresses

� Check safety of shear stresses


