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COMPRESSION MEMBERS 

AISC manual / Chapter B & E 

Compression members are structural elements that subjected to 

compression forces. These forces applied along longitudinal axis 

through centered of the cross section. 

The axial stress should be calculated using the following 

expression: 

f = P / A 

 

Type of columns according to failure shape: 

1- Long column which failed by buckling. 

3- Intermediate columns which failed by inelastic buckling. 

2- Short column failed by yielding. 

Buckling is a slight bent around one or more side of column. In our 

covered subject the buckling is around x or y axes of cross section. 

So the column will be effected by normal axial load & side 

deflection, therefore a moment should be calculated due to load x 

deflection distance. 

                                           M = PΔ, 
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Euler Buckling of Columns:  

Global buckling of a member happens when the member in 

compression becomes unstable due to its slenderness and load. 

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

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

an elastic column. 

 

                          Buckling or slight bent 

 

Buckling of axially loaded compression members 

Buckling occurs 
when a straight 
column subjected 
to axial 
compression 
suddenly 
undergoes 
bending as shown 
in the Figure (b). 

Buckling is identified 
as a failure limit-
state for columns. 
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The following differential equation giving the deflected shape of elastic member 

subjected to bending: 

(d²Δ / dz²) + PΔ / EI = 0 

-The expression given by Euler to calculate the buckling load or critical load for 

buckling is: 

Pcr = π² E I / (L)² 

Where, I = moment of inertia about axis of buckling. 

-Then the developed expression to calculate the critical buckling stress is: 

Fcr = (Pcr / Ag) + (π² E / (L/r)²). 

Where: (L / r) is the slenderness ratio. 

According to AISC manual chapter E, the basic expression for compression load is: 

  

Pu ≤ Øc Pn = Øc (Ag Fcr) ……………………………….. (AISC / E3-1). 

 

LRFD STRENGTH REDUCTION 
FACTOR 

Øc = 0.9 

 

Pn is the nominal compressive strength. 

ØcPn is the design compressive strength. 

Where Øc is the resistance factor for compression members & Fcr is the critical 

buckling stress (elastic or inelastic). 

But the elastic buckling stress Fe is: 

           
    

      
……………………………………. (AISC / E3-4). 

Where, k = effective length factor based on end boundary conditions. 
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So the critical buckling load Pcr developed for columns is theoretically 

computed by: 

     
      

     
 ; Which represent critical buckling load.  

     
     

 
  

 
  

 ; Which represent critical buckling stress. 

 

Equation for Pcr is valid only when the material everywhere in the 

cross-section is in the elastic region. If the material goes inelastic 

then this Equation becomes useless and cannot be used.  

 

Effective length: 

The effective length factor, K, for calculation of member slenderness, 

KL/r, shall be determined in accordance with Chapter C or Appendix 

7, where: 

L = laterally unbraced length of the member, in.  

r = radius of gyration, in.  

Maximum effective slenderness ratio: 

  

KL/r ≤ 200. 

 

Effective length factors are given on page 16.1-189 of the AISC manual.  
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Relation of slenderness & reduction factor  

General prevented & unprevented side sway: 

- Braced frame (Side sway prevented) →1.0 ≥ K > 0.5 

- Un-braced frame (Side sway Unperfected) unstable→ K > 1.0 

Pinned connection: If Ic/Lc is large and Ig/Lg is small; the connection is more 

pinned. 

Fixed connection: If (Ic/Lc) is small and (Ig/Lg) is large the connection is more fixed. 

 

Figure show type of column related to kL/r 
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Local buckling behavior and classification of plate elements 

 

 Evaluation of K factor: 

1- By table C.C2.1 AISC manual page 

2- By Stiffness of joint. 

3- By Monograph. 
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Table C.C2.1 

Effective length factor K for axially loaded columns with various end conditions

 

In examples, home works, and exams, use the recommended design 

values of K.  

For unbraced frames, the structure depends on its own bending 

stiffness for lateral stability. If a portal frame is not externally braced 

in its own plane to prevent side sway, the effective length KL is larger 

than the actual unbraced length, that is, K > 1. This will result in a 

reduction of the load-carrying capacity of the columns when sideways 

is not prevented. 

For unbraced portal frames, the effective column length can be 

determined for the specific ratio of (I / L) beam / (I / L) col and the 

condition of the foundation. If the actual footing provides a rotational 

restraint between hinged and fixed bases, the K value can be 

obtained by interpolation. 

The K values to be used for the design of unbraced multistory or 

multibays frames can be obtained from the alignment chart. 



10 of 46 
 

G is defined as: 

   
      

      
  

 

In which Ic is the moment of inertia and Lc is the unbraced length of 

the column, and Ib is the moment of inertia and Lb is the unbraced 

length of the beam. 

In practical design:  

- For hinged column end with ground surface, use G = 10 

(because G in this case is infinity). 

- For rigid & fixed end column, use G = 1.0 (because the real 

value is zero). 

In the use of the chart, the beam stiffness Ib / Lb should be multiplied 

by a factor as follows when the conditions at the far end of the beam 

are known: 

Factors consider for far end condition of beam (α) 

Case Hinged far end of beam Fixed far end of beam  

Side sway is prevented 1.5 2 

Side sway is not prevented 0.5 0.67 
 

So the stiffness ratio should be as follow: 
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Alignment charts (monograph) 

 

For pinned column base, use Gbottom =10  

For fixed column base, use Gbottom=1.0 

After determining GA and GB for joints A and B at two ends of the 

column section, the K value obtained from the alignment chart by 

constructing a straight line between the appropriate points on the 

scales for GA and GB. 
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EX: Determine the buckling strength of a W 12 x 50 column. Its length is 20 ft. For 

major axis buckling, it is pinned at both ends. For minor buckling, it is pinned at one 

end and fixed at the other end. 

 

(a) Cross-section; (b) major-axis buckling; (c) minor-axis buckling 

 

For the W12 x 50 (or any wide flange section), x is the major axis and y is the minor 

axis. Major axis means axis about which it has greater moment of inertia (Ix > Iy). 

 

1- Sp, dim, properties: 

Sec. Ag Iy ry Ix rx  

W12x50  56.3  391   

 

According to Table C-C2.1 of the AISC Manual: 

ky Ly kLy kx Lx kLx 

0.8 20 16 1.0 20 20 

 

 

Critical load for buckling about x – axis =         
      

        
           

 

Critical load for buckling about y – axis =         
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Buckling strength of the column = Smaller  of (Pcr-x, Pcr-y) = Pcr-y = 682 kips  

So Minor (y) axis buckling governs. 

 

Let us find the critical stress Fcr = 
   

 
  

   

    
         which it is < 

Fy = 50 ksi, this mean that the critical stress within the elastic range 

for a 50 ksi yield stress material.   

 

EX: A W10x30 is used as a 16ft long pin-connected column. Using 

the Euler expression. Use A36 steel material.  

a) Determine the column’s critical or buckling load.  

b) Resolve the example using L= 8ft.  

Solution: 

1- Spec, dimensions & properties: 

steel Fy Fu sec A rx ry k  

A36 35 58 W10x 8.84 4.38 1.37 1.0  

 

2- Use smaller ry, to have larger value of   
  

 
 . 

 

Slenderness 
  

 
 

     

    
                 …………………………O.K 

 

3- Buckling stress      
     

 
  

  
  
                 ……O.K 

 

 

 

The limit between elastic and inelastic buckling is defined to be: 
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These are the same as Fe = 0.44Fy that was used in the 2005 

Specification. 

For convenience, these limits are defined in Table C-E3.1 at 16.1 / 

page 260, for the common values of Fy. 
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Figure show columns, beams & bracing 

 

Local Buckling: 

Local buckling limit state: 

- The AISC specifications for column strength assume that column buckling is the 

governing limit state. However, if the column section is made of thin (slender) plate 

elements, then failure can occur due to local buckling of the flanges or the webs.  

 

- If local buckling of the individual plate elements occurs, then the column may not 

be able to develop its buckling strength.  

- Therefore, the local buckling limit state must be prevented from controlling the 

column strength.  

- Local buckling depends on the slenderness (width-to-thickness b/t ratio) of the 

plate element and the yield stress (Fy) of the material.  

- Each plate element must be stocky enough, i.e., have a b/t ratio that prevents 

local buckling from governing the column strength.  
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- The AISC specification B10 provides the slenderness (b/t) limits that the 

individual plate elements must satisfy so that local buckling does not control.  

- The AISC specification provides two slenderness limits (λp and λr) for the local 

buckling of plate elements.  

 

         

Relation of critical stress with effective slenderness ratio       local buckling of flange 

 

Local buckling is instability due to the plates of the member becoming unstable. The 

local buckling of a member depends on its slenderness which is defined as the width-

thickness ratio (b/t ratio), b is the width of the section and t is its thickness. Steel 

sections are classified as compact, noncom pact or slender depending on the width-

thickness ratio of their elements.  

Compact section: is capable of developing a fully plastic stress distribution and 

possess rotation capacity of approximately three before the onset of local buckling; i.e., 

local buckling is not an issue. 

 
Noncom pact section: can develop the yield stress in compression elements before 

local buckling occurs, but will not resist inelastic local buckling at strain levels required 

for a fully plastic stress distribution. Local buckling can occur in the inelastic zone. 

Compact sections have small b/t ratio and do not buckle locally; non compact section 

can buckle locally; slender sections have a large b/t ratio. Let us define the width-

thickness ration of an element of the cross-section (flange or web of WF shapes) as 
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Then the members are classified as follows: 

Compact section:                          for all elements.  

Non compact sections:               .   

Slender:                                    

 

The limiting values λp and λr for λ are given in Table B5.1 of the LRFD Specifications. 

 

The strength corresponding to any buckling mode cannot be developed if the elements 

of the cross-section fail in local buckling. When b/t exceeds a limit λr (Table B5.1 of the 

LRFD Specifications), the member is classified as slender. Slender members can fail in 

local buckling resulting in reduced design strength. For slender members, Appendix B 

of the LRFD Specifications describes the reduction factors Q to be used for calculation 

of the critical stress Fcr. 

Basically, the design strength needs to be reduced if the member is slender. Table 

B5.1 of the LRFD Specifications defines the following limits for sections that are not 

slender: 

Unstiffened elements (flange):  
  

   
       where              

 

Stiffened element (web):          
 

  
        where               

 

Note: 

 

If the above values met the requirements so the member is not slender. 

 

If the above values doesn’t met the requirements so the member is slender. 
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Long, Short, and Intermediate Columns: 

Columns are sometimes classed as being long, short, or intermediate. A brief 
discussion of each of these classifications is presented below.  

    1) Long Columns: the Euler formula predicts very well the strength of long columns 
where the axial buckling stress remains below the proportional limit. Such columns will 
buckle elastically. The slenderness ratio of long column is greater than 150, ( kL/r > 
150) 

2) Short Columns: For very short columns, the failure stress will equal the yield 
stress and no buckling will occur. For a column to fall into this class, it would have to 
be so short as to have no practical application. Thus, no further reference is made to 
them here. The slenderness ratio of short column is smaller than 40, (kL/r < 40).  

3) Intermediate Columns: Some of the fibers will reach the yield stress and some 
will not. The members will fail by both yielding and buckling, and their behavior is said 
to be inelastic. Most columns fall into this range. The slenderness ratio of intermediate 
column is between 40 and 150 , ( 40 < kL/r <150).  

 

Relation of moment to w/t ratio: 

According to AISC-E3, The nominal strength (Pn) of Rolled compression members with 

slender sections is calculated as follow: 

 Pn = Ag Fcr     …………………………………………………….E7-1 

Øc Pn = Øc Fcr Ag … where Øc = 0.9 in LRFD 

For inelastic columns : 

- If (KL/r) ≤ 4.71 (√(E/Qfy)) 0r Fe ≥ 0.44QFy 

So Fcr = Q (0.658*) Fy   ………………………………………….E7-2  

Where * = Q Fy/Fe 

- If KL/r > 4.71 (√ (E/Q fy))  or  Fe < 0.44 Q fy 

So Fcr = 0.877Fe   ………………………………………………E7-3 

Where Fe  is elastic critical buckling stress. 

Q = 1.0 For members with compact or noncompact sections. 
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    = Qs Qa for members with slender-element sections. 

Two types of columns should be considered: 

1- Unstiffened elements: unsupported along one edge parallel to the load direction, 

(AISC table B4.1, p 16.1-16). 

2- Stiffened elements: supported along both edges parallel to load direction, (AISC 

table B4.1. p 16.1-17). 

Steel shapes are classified as  compact, non compact & slender. So section B4 of 

AISC manual provides limiting values of width / thickness (denoted by λr). 

For slender unstiffened elements, Qs: 

The reduction factor Qs is defined as follow: 

A- For flanges, angles, & plates projecting from rolled columns or other compression 

members: 

(i) When b / t ≤ 0.56 (√E/Fy) 

So Qs = 1.0   …………………………………………………………E7-4 

(ii) When 0.56  (√E/Fy) < b / t < 1.03 (√E/Fy) 

So Qs = 1.415 - 0.74 (b/t) (√Fy/E)   ……………………………….E7-5 

(iii) When b/t ≥ 1.03 ( √/Fy) 

So Qs = 0.69 E / Fy (b/t)²    …………………………………………E7-6 

B- For flanges, angles, & plates projecting from built up columns or other compression 

members: 

(i) When b / t ≤ 0.64 (√EKc/Fy) 

So: Qs = 1.0   ………………………………………………………...E7-7 

(ii) When 0.64 (√(EKc/Fy)) < b / t < 1.17 (√EKc/Fy) 

So: Qs = 1.415 - 0.65 (b/t) (√(Fy/EKc))   ………………...............E7-8 

(iii) When b/t ≥ 1.17 ( √(EKc/Fy))  

So: Qs = 0.9 E Kc / Fy (b/t)²    ………………………………........E7-9  
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Where Kc = 4 / (√( h / tw)) 

C- for single angles: 

(i) When b / t ≤ 0.45 (√(E/Fy))  

So Qs = 1.0   ………………………………………………………E7-10  

• Slender stiffened elements, Qa: 

• Reduction factor, Qa , for slender stiffened element is defined as follow: 

         Qa = Ae / Ag 

 Where: Ag = gross area of section. 

 Ae = summation of the effective area of the cross section based on effective width, be. 

• The  reduced effective width be is determined as follow: 

A - For uniformly compressed slender element, with     

 b / t  ≥ 1.49 √(E/f) except flange of square & rectangular sections of uniform    

thickness 

 be = 1.92 t √(E/f) [ 1- {(0.34/(b/t)}  √(E/f)  ] ≤ b ………………..E7-17 

 Where f is taken as Fcr with Fcr calculated based ion Q = 1.0 

 B- For flanges of square & rectangular slender-element  sections of uniform thickness 

with b / t ≥ 1.4 [ √(E/f) ] : 

  be = 1.92 t  √(E/f) [ 1 – {0.38 / (b/t)} √(E/f) ] ≤ b   ……………E7-18 

  Where f = Pn / Ae (note you may use f = Fy the result will be slightly conservative               

  estimate of column strength.  

• For circular axially loaded section: 

• When 0.11 (E / Fy ) < ( D / t )  <  0.45 (E / Fy): 

• Q = Qa = 0.038 [ E / Fy (D / t ) ] + 2/3       ………………….E7-19 

 Where 

   D = outside diameter of round HSS &  t = thickness of wall 
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Failure of column  

How to Use Manual Table 4-2:  
 Design strength in axial compression is calculated as  
 

- Table contains ØcPnc for various values of K
y
L

y
, assuming buckling about y-axis.  

 
- How to check buckling about x-axis:  

 
         If buckling is about x-axis. 
 

             
     

     
   ….. So buckling is about x axis. 

 
 

- How to read ØPnc if buckling is about x-axis:  

       Use the length as ( 
     

     
  ) in Table 4-2.  
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Design procedure of steel column according to manual tables 

  

Analysis procedure of steel column according to manual tables 
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EX/ Given D.L = 140k, L.L = 420k & length of 30ft stand as shown. Select from W14 

the required steel shapes. Assume A992 steel material. 

 

 

                                                                                               

• Solution: 

1- The required compressive loading: 

LRFD 

Pu = 1.2 D.L + 1.6 L.L = 840kips 

 

2- From AISC specification, select from table C.C2.1, → k=1.0. 

For cases of same bracing on both axes, the smaller (ry) will govern, so (kL)y = 30ft. 

From column tables search for available load that equal or exceed the required 

compressive load given above…represented by section W14x132..page 

 

LRFD 

ØPn = 893 > 840kips 
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EX: Redesign the column from example given above, assuming the column is laterally 

braced about the y-y axis and torsionally braced at the midpoint. 

 

 

 

 

Solution: 

1-  The required compressive loading is: 

 

 

 

LRFD 

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

  

2- From AISC Specification, table C.C2,1 for a pinned-pinned 

condition,→ K = 1.0. 

Because the unbraced lengths differ in the two axes, select the 

member using the y-y axis then verify the strength in the x-x axis. 

Enter AISC Manual Table 4-1 with a y-y axis effective length, KLy, 

of 15ft and proceed across the table until reaching a shape with an 

available strength that equals or exceeds the required strength. Try 
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a W14x90. A 15 ft long W14x90 provides an available strength in 

the y-y direction of: 

LRFD 

ØcPn = 1,000 kips 

 

The rx /ry ratio for this column, shown at the bottom of AISC Manual Table 4-1page 

4-13, is 1.66. The equivalent y-y axis effective length for strong axis buckling is 

computed as: 

  

     
  

    

    
         

 

From AISC Manual Table 4-1page 4-13, the available strength of a W14x90 with an 

effective length of 18 ft is: 

LRFD 

ØcPn = 929 kips > 840 kips 

The available compressive strength is governed by the x-x axis flexural buckling 

limit state. 
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The available strengths of the columns described in the above examples are easily 

selected directly from the AISC Manual Tables. The available strengths can also be 

verified by hand calculations, as shown in the following examples. 

 

EX: Calculate the available strength of a W14x132 column with unbraced lengths of 

30 ft in both axes. Use A992 steel material 

 

Solution: 

From AISC Manual Table 2-4, the material properties are as follows: 

1- Sp, dim, & properties: 

steel Fy Fu sec Ag d tw bf tf L 

A992 50 65 W14x132 38.8     30ft 

 

rx Ix ry Iy rx/ry kL D.L L.L   

6.28  3.76   30     

 

2- Slenderness Check: 

From AISC Specification Commentary Table C-C2-1, for a pinned-pinned condition, 

K = 1.0. 

Because the unbraced length is the same for both axes, the y-y axis will govern. 
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For Fy = 50 ksi, the available critical stresses, ØcFcr and Fcr/Ωc  for KL/r = 95.7 are 

interpolated from AISC Manual Table 4-22 as follows: 

 

LRFD 

ØcFcr = 23.0 ksi, ØcPn =Ag x ØcFcr 

= 38.8 in2 x 23.0 ksi = 892 kips > 840 kips …   O.K.       

 

Note that the calculated values are approximately equal to the tabulated values. 
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EX: The member sizes shown for the moment frame illustrated here 
(side sway uninhibited in the plane of the frame) have been 
determined to be adequate for lateral loads. The material for both the 
column and the girders is ASTM A992. The loads shown at each level 
are the accumulated dead loads and live loads at that story. The 
column is fixed at the base about the x-x axis of the column. 
Determine if the column is adequate to support the gravity loads 
shown. Assume the column is continuously supported in the 
transverse direction (the y-y axis of the column). 

 

 

Solution: 
1- Sp., dim., & properties: 

steel Fy Fu sec Ix sec Ix sec Ag Ix 

A992 50 65 W18x5
0 

800 W24x5
5 

1,35
0 

W14x8
2 

24 882 

 
2- Loading: 

LRFD 

Pu = 1.2(41.5) + 1.6(125) = 250 kips 

 
3- Effective Length Factor: 

 
Determine Gtop and Gbottom: 
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From the alignment chart, AISC Specification Commentary Figure C-
A-7.2, (monograph) K is slightly less than 1.5; therefore use K = 1.5. 
Because the column available strength tables are based on the KL 
about the y-y axis, the equivalent effective column length of the upper 
segment for use in the table is: 
 

 
 
Take the available strength of the W14x82 from AISC Manual Table 
4-1. At KL = 9 ft, the available strength in axial compression is: 
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LRFD 

ØcPn = 940 kips > 250 kips       O.K 

 
 
 
Column A-B: 

LRFD 

Pu = 1.2(100 kips) + 1.6(300 kips) = 600 kips 

 
Effective Length Factor 
 
Gbottom = 1.0 (fixed) from AISC Specification Commentary Appendix 
7, Section 7.2. 
 

      
  
   
  

 

  
   
  

 
  

               
  

 

                 
  

      

 
From the alignment chart, AISC Specification Commentary Figure C-
A-7.2, (monograph) K is approximately 1.40. Because the column 
available strength tables are based on the KL about the y-y axis, the 
effective column length of the lower segment for use in the table is: 

 
Take the available strength of the W14x82 from AISC Manual Table 
4-1. At KL = 9 ft, (conservative) the available strength in axial 
compression is: 
 
 
 

LRFD 

ØcPn = 940 kips > 600 kips   O.K         
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EX: Calculate the effective length factor for the W12 x 79 column AB of the frame 
shown below. Assume that the column is oriented in such a way that major axis 
bending occurs in the plane of the frame. Assume that the columns are braced at each 
story level for out-of-plane buckling. Assume that the same column section is used for 
the stories above and below. 
 

 
Solution: 
 
 

1- Identify the frame type and calculate Lx, Ly, kx, and ky if possible. 
It is an unbraced (side sway prevented) frame.  
 Lx = Ly = 12 ft.  
ky = 1.0  
kx depends on boundary conditions, which involve restraints due to beams and 
columns connected to the ends of column AB.  
Need to calculate kx using alignment charts. 

 
2- Calculate Kx 

 

sec Ix sec Ix 

W 12 x 79 425 W14x68 753 
 

 

GA =                                                    =1.021 
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            GB=                                                     = 0.83 
 
 

From Alignment Chart →Using GA and GB→ Kx = 1.3  
 
 
 
EX: Determine the design compressive strength for a pin-ended (    × × / ) 
column of ASTM A500, Grade B steel with an unbraced length of 35-ft.  
Solution:  
 

1- Spec., Dimensions & Properties: 
 

Steel Fy Fu Sec A ry = rx ky = kx L kLy KL/r 

A500 46   10.4 3.1 1 35 35 135.5 

 

b / t  

19.9  
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From AISC Table 4-22, with KL/r =135.5, and Fy = 46 ksi obtained (∅cFcr)=  .  ksi; 
therefore, the design strength is: 
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So:  
Øc Pn = (Øc Fcr) Ag = (12.3)(10.4) = 128 kips 
 
Alternatively, the design strength could be obtained directly from the AISC column load 
Table 4-4. Enter the table with KL = 35-ft and obtain Øc Pn = 128 kips.  
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Alternate Check: 
 

 

 
       

 

  
                  

Now determine the flexural buckling stress, Fcr: 
 

       
 

  
        

     

  
          

 

Since 
  

  
                                   

    
    

       
            

 
Fcr = 0.877 Fe = 0.877(15.6) = 13.7 ksi 
 
 Øc Pn = Øc Fcr Ag = 0.9 (13.7)(10.4)= 128 kips 
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EX: Given an ASTM A500 Grade B compression member with a length of 20 
ft, to support a dead load of 85 kips and live load of 255 kips in axial 
compression. The base is fixed and the top is pinned 
Select, a suitable rectangular HSS. 
 

 
 
. 
Solution: 

1- Specification, dimensions & properties: From AISC Manual Table 2-4; 

steel Fy Fu PD PL L Kx=ky KL   

A500
GB 

46 58 85 255 20     

2- Loading: 

LRFD 
Pu = 1.2PD + 1.6PL = 510kips 

3- Using table Solution: 

From AISC Specification Commentary Table C.C2.1, for a fixed-pinned 

condition, K = 0.8. 

(KL)x = (KL)y = 0.8(20.0 ft) = 16.0 ft 

Enter AISC Manual Table 4-3 for rectangular sections or AISC Manual 

Table 4-4 for square sections. Try an HSS12x10x3/8. 

From AISC Manual Table 4-3, the available strength in axial 

compression is: 

LRFD 

Øc Pn = 518 kips > 510 kips  ….O.K 
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4- Using equations calculations: 

From AISC Manual Table 1-11, the geometric properties are as follows: 

section A rx ry tdos    

HSS12x10x⅜ 14.6 4.61 4.04 0.394    

 

Slenderness Check: 

Note: According to AISC Specification Section B4.1b, if the corner 

radius is not known, b and h shall be taken as the outside dimension 

minus three times the design wall thickness. This is generally a 

conservative assumption. 

Calculate b/t of the most slender wall: 

   
 

 
  

           

     
       

Determine the wall limiting slenderness ratio,   , from AISC 

Specification Table B4.1a Case 6: 

        
 

  
   

     

  
      

                                                                   

Because ry < rx and (KL)x = (KL)y, ry will govern the available strength. 

   

  
   

             

    
      

       
 

  
       

     

  
       

                                                         

    
    

 
  
  

 
                               

  
               

Pn = Fcr x Ag = 39.4 x 14.6 = 575kips 

From AISC Specification Section E1, the available compressive strength 

is: 

LRFD Øc = 0.9 
Øc Pn = 0.9 (575) = 518k > 510k 
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EX: Given an ASTM A53 Grade B Pipe compression member with a length of 
30 ft to support a dead load of 35 kips and live load of 105 kips in axial 
compression. The column is pin-connected at the ends in both axes and 
braced at the midpoint in the y-y direction. 
Select the suitable pipe section. 
 
 

 
Solution:  
 

1- Specification, dimensions & properties: 
 

steel Fy Fu PD PL Lu L 

A53GB 35 60 35 105 15 30 
2- Loading: 

LRFD 

Pu = 1.2 x 35 +1.6 x 105 = 210kips 
3- Using tables: 

From AISC Specification Commentary Table C-C2-1, for a pinned-pinned 
condition, K = 1.0. 
Therefore, (KL)x = 30.0 ft and (KL)y = 15.0 ft. Buckling about the x-x axis 
controls. 
Enter AISC Manual Table 4-6 with a KL of 30 ft and proceed across the table 
until reaching the lightest section with sufficient available strength to 
support the required strength. 
Try a 10-in. Standard Pipe. 
From AISC Manual Table 4-6, the available strength in axial compression is: 
 

LRFD 
Øc Pn = 222kips > 210kips             O.K 
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The available strength can be easily determined by using the tables of the 
AISC Manual. Available strength values can be verified by hand calculations, 
as follows. 

4- Using equations calculations: 
 

From AISC Manual Table 1-14, the geometric properties are as follows: 
 

sec Ag r 
   

 

 
 

 

Pipe 10 standard 11.5 3.68 31.6  

 
No Pipes shown in AISC Manual Table 4-6 are slender at 35 ksi, so no local 
buckling check is required; however, some round HSS are slender at higher 
steel strengths. The following calculations illustrate the required check. 
 
Limiting Width-to-Thickness Ratio: 

        
 

  
                                      

 

        
     

  
      

                                                 
 
Finding critical stress Fcr; 
  

 
  

        

    
      

 

      
 

  
       

     

  
                                            

     
    

 
  
 
  

         

 

So ;              
  

                

 
Nominal Compressive Strength: 
Pn = Fcr x Ag = 21.4 x 11.5 = 246kips 
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From AISC Specification Section E1, the available compressive strength is: 
 
 

LRFD Øc = 0.9 
Øc Pn = 0.9 x 246 = 221k > 210k  O.K 

 
 
 

 


