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Chapter Three 

Compression Members 

 

1- Introduction  

 compression members are members subjected to direct axial 

compression force, like:  

 

 

 

 

 

 

  

Sections used for column are the same for tension but especially pipes and 

double angle or double tee are widely used.  

 

2 – Failure of column  

 
 

1- Short columns (small KL/r) do not buckle and simply fail by material 

yielding. Here steel reaches the value of fy or even fu. 
 

 

 

 

 

 

 

 

 

2-  Long columns (large KL/r) usually fail by elastic buckling mentioned 

above. Euler's equations are usually used to estimate the stresses for this 

type.  

 

 

3 -  Between short and long regions, the failure of the column occurs through 

inelastic buckling.  

 

 

 

fy 

compression member Compression member 
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 3 - Euler Buckling of Columns 

 
 

 Buckling can be elastic (longer thin members) or inelastic (shorter 

members). Here we shall derive the Euler buckling (critical) load for an 

elastic column. Consider a long and slender compression member (hinged) 

as shown in the figure above. The Euler buckling formula is derived for an 

ideal or perfect case, where it is assumed that the column is long, slender, 

straight, homogeneous, elastic, and is subjected to concentric axial 

compressive loads. The differential equation for the lateral displacement v 

is given as: 
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EI y'' = - M  

EI y'' = - py  

 

Y'' + (p/EI) y = 0    let   (p/EI) = w
2
   …(1)  

 

sub in above eq. we get  

 

Y'' + w
2
 y = 0   then  y = A cos w  + B sin w 

 

Apply B.C.  :   at x = 0 , y = 0  the y = B sin w 

 

And at x = L  y = 0       0 = B sin w L      but B ≠ 0  

  

Then  sin w L = 0   ,    sin 
-1

 0 = wL   , then w = (nπ /L)   

n = 1,2 ,3 , …..  

 

sub in eq ---(1) we get : 

 

(p/EI) = (n
2
 π

2
 /L

2
)    then    Pcrit. =  n

2
 π

2
 EI /L

2
 

 

 

Called Euler load or Euler buckling load 

 

                                         n =  4                 n = 2               n =1  
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4 – Buckling Stress  

 

Pcr = n
2
 π

2
 EI /L

2
          ,   Pcr = π

2
 EI /(L/n)

2
 

 

Let k = 1/n ,   and since I =  r
2
 A     

 

 Pcr = π
2
 E r

2
 A/(kL)

2
         k =  effective length factor  

                                            L =  effective length  

 

     Pcr = π
2
 E A/(kL/r)

2
    ,             Pcr/ A = π

2
 E /(kL/r)

2
            

 

kL/r  = slenderness ratio 

 

Fcr = π
2
 E /(kL/r)

2
            is the critical buckling stress  

 

 

 
 

5 – End Restraints and Effective length of Columns: 

 

The effective length is governed by column end restraints effective length (kL) 

which is the length between the inflection points of the column.  

 

(kL/r) ≤ 200  

we get k from manual 

 

 Table C – C2.2  P. 240   

AISC – M LRFD (previous versions) 

 

 

 

 

 

 

 

 

 

 

 

 

  

  kL 



University of Anbar                                                                                                     Steel Structures (DWE4336) 

College of Engineering                                                                                                Dr. Ahmed T. Noaman 

Department of Dams & Water Resources Eng.                                                           Phase: 4 

 

Semester II (2018-2019) 

54 

 

The selection of Fcr depends on the value of kL/r  

 

6 – Design and Analysis of compression members (in the elastic range): 

 

1 . Compute the slenderness ratio kL/r  

2. Using the largest kL/r , obtain the design compressive strength Φc Fcr  from 

table (4 -1 page 4 – 22 to 4 – 320).  

3 – Compute the design compressive strength  

 

Φc Pn = Φc Fcr Ag.  

 

Φc = 0.9 for compression members design  
 

 
Ex1: compute the design compressive strength for a W12*120 column that has an 

un-braced length of 16 ft and has a pin – connected ends. Use A36 steel.     

 

Solution: 

  

W shapes specifications rx = 5.51 and ry = 3.13 ,  Ag = 35.3 in
2
 

 

kL/r = 1*16*12/ 3.13 = 61 < 200 O.K  

 

Φc Fcr = 26.6 ksi  

 

Φc Pn = Φc Fcr Ag.     , Φc Pn = 26.6 * 35.3  = 938.98 kips  
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Notes : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ex2:  Given W-shape column designed with pinned ends, select an ASTM A992 

(fy = 50 ksi) W-shape column to carry an axial dead load of 140 kips and live 

load of 420 kips. The column is 30 ft long, and is pinned top and bottom in both 

axes. Limit the column size to a nominal 14 in. shape.                    

 

Solution: 

 

Pu = 1.2(140 kips) + 1.6(420 kips) = 840 kips 

 

For a pinned-pinned condition, K = 1.0 

 

Assume KL/r =  100  

 

Φc Fcr = 21.7 ksi  

 

Ag = Pu/ Φc Fcr  =  840/21.7 = 38.7 in
2
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Then from W tables select  W14*132 (Ag = 38.8 in
2
 , rx = 6.28 , ry = 3.76 in ) 

  

 

 

 

 

 

Φc Fcr = 23.02  ksi  (By Interpolation) 

 

Φc Pn = Φc Fcr Ag = (23.02 ) (38.8 ) = 893 ksi   > 840 O.K.  

 

Its important to check   Pu/ Φc Pn  ≥ 0.9   

 

Pu / Φc Pn =   893/840 = 0.94 V. good  

 

 

Ex3: Is the built-up, ASTM A572 grade 50, column with PL1in.×8in. flanges and 

a PL4in.×15in. web sufficient to carry a dead load of 70 kips and live load of 210 

kips in axial compression ? The column length is 15 ft and the ends are pinned in 

both axes. 

 

 

 

 

 

 

 

 

 

Solution: 

 

ASTM A572 Grade 50 Fy = 50 ksi Fu = 65 ksi 
 

Built-up Column d = 17.0 in. bf = 8.00 in. tf = 1.00 in. h = 15.0 in. tw = 0.250 in. 
 

Calculate the required strength: 

 

Pu = 1.2(70.0 kips) + 1.6(210 kips) = 420 kips 

 
A = 2(8.00 in.)(1.00 in.) + (15.0 in.)(0.250 in.) = 19.8 in2 
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For a pinned-pinned condition, K = 1. 

 
Since the unbraced length is the same for both axes, the y-y axis will govern by 

inspection. 

 

 

 

 

 

 

 
Φc Pn = Φc Fcr Ag = (25.65 ) (19.8 ) = 507 ksi   > 420 O.K.  

 
Ex4 : For the built up section shown in Fig. below find the max. allowable load P 

if kL = 19 ft. Use A36.  a = 12''.  

 
Solution: 
For MC 18*42.7 

A = 12.6 in
2                                                                               

d = 18"  

Ix = 554 in
4 

Iy = 14.4 in
4
   

tw =  0.45" 

tf =  0.625 "   

   A = 2*12.6 + 20*0.5 = 35.2 in
2
 

MC 18*42.7  

y 

PL 20*0.5 

18.5 

a 



University of Anbar                                                                                                     Steel Structures (DWE4336) 

College of Engineering                                                                                                Dr. Ahmed T. Noaman 

Department of Dams & Water Resources Eng.                                                           Phase: 4 

 

Semester II (2018-2019) 

58 

 

y from top  = (10*0.25 + 2*12.6 *9.5)/ 35.2 = 6.87 in.  

 

Ix = 2*554 + 2* 12.6* (9.5 – 6.87)
2
 + 20*(0.5)

3
 /12 + 10*(6.62)

2
 = 1721 in

4
 

Iy = 2*14.4 + 12.6 *2 (6.877)
2
 + 1/12 *(20)

3
 *0.5  = 1554 in

4
 

 

ry = 6.64 in   

(kl /r)y = 19*12/ 6.64 = 34.34    then Φc Fcr  = 20.27  ksi  

 

Φc Pn = Φc Fcr Ag  = 0.9 *20.27 * 35.2 = 642.15 kips 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


