
Chapter 4
Compression Members

Chapter 4 – More on Effective Length
 We introduced the concept of effective length in Section 4.2, 

“Column Theory.” 

 All compression members are treated as pin-ended 
regardless of the actual end conditions, but with an effective 
length Lc that may differ from the actual length. 

 With this modification, the load capacity of compression
members is a function of only the slenderness ratio and 
modulus of elasticity. 

 For a given material, the load capacity is a function of the 
slenderness ratio only.

Chapter 4 – More on Effective Length
 If a compression member is supported differently with 

respect to each of its principal axes, the effective length will 
be different for the two directions. 

 Consider a W-shape is used as a column and is braced by
horizontal members in two perpendicular directions at the 
top. 

Chapter 4 – More on Effective Length
 If a compression member is supported differently with 

respect to each of its principal axes, the effective length will 
be different for the two directions. 

 These members prevent translation of the column in all 
directions, but the connections, permit small rotations to 
take place. 

Chapter 4 – More on Effective Length
 Under these conditions, the member can be treated as pin-

connected at the top and bottom. 

 A rigid, or fixed, condition is very difficult to achieve, and 
ordinary connections will usually closely approximate a hinge 
or pin connection. 

Chapter 4 – More on Effective Length
 At midheight, the column is braced, but only in one direction.

 This connection prevents translation, but no restraint
against rotation is furnished. 
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Chapter 4 – More on Effective Length
 This brace prevents translation perpendicular to the weak 

axis of the cross section but provides no restraint 
perpendicular to the strong axis. 

 If the member were to buckle about the major axis, the 
effective length would be 30 ft.

Chapter 4 – More on Effective Length
 Buckling about the minor axis would have to be in the 

second buckling mode, corresponding to an effective length 
of 15 ft.

 Because its strength decreases with increasing Lc/r, a column 
will buckle in the direction corresponding to the largest 
slenderness ratio.

Chapter 4 – More on Effective Length
 Therefore, Lcx/rx must be compared with Lcy/ry

 In this example, the ratio 30 ft(12 in/ft)/rx must be compared 
with 15 ft(12 in/ft)/ry

 The largest ratio would be used for the computing the axial 
compressive strength.

Chapter 4 – More on Effective Length
 Example 4-10: A W12 x 58, 30 ft long, is pinned at both ends 

and braced in the weak direction at the third points. A992 steel 
(Fy = 50 ksi) is used. Determine the available compressive 
strength. 

30 ft

10 ft

10 ft

10 ft

Chapter 4 – More on Effective Length
 Example 4-10: A W12 x 58, 30 ft long, is pinned at both ends 

and braced in the weak direction at the third points. A992 steel 
(Fy = 50 ksi) is used. Determine the available compressive 
strength. 

5.28xr in

2.51yr in

Chapter 4 – More on Effective Length
 Example 4-10: A W12 x 58, 30 ft long, is pinned at both ends 

and braced in the weak direction at the third points. A992 steel 
(Fy = 50 ksi) is used. Determine the available compressive 
strength. 

5.28xr in

2.51yr in

cx

x

L

r

 30 12 /

5.28

ft in ft

in
 68.18
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Chapter 4 – More on Effective Length
 Example 4-10: A W12 x 58, 30 ft long, is pinned at both ends 

and braced in the weak direction at the third points. A992 steel 
(Fy = 50 ksi) is used. Determine the available compressive 
strength. 

5.28xr in

2.51yr in
cy

y

L

r

 10 12 /

2.51

ft in ft

in
 47.81

cx

x

L

r
is the larger value and controls. 

cx

x

L

r

 30 12 /

5.28

ft in ft

in
 68.18

Chapter 4 – More on Effective Length
 Example 4-10: A W12 x 58, 30 ft long, is pinned at both ends 

and braced in the weak direction at the third points. A992 steel 
(Fy = 50 ksi) is used. Determine the available compressive 
strength. 

 LRFD solution: Use Table 4-14 with KL/r = 68.18 and 
interpolation values.

Also, Ag = 17.0 in2 from Table 1-1 (1-26)

Chapter 4 – More on Effective Length

 32.1 31.8 32.1 0.18  32.05ksi

32.05c crF ksi 

  232.05 17.0ksi in

544.8k

c n c cr gP F A 

Chapter 4 – More on Effective Length
 The available strengths given in the column load tables are 

based on the effective length with respect to the y-axis.

 A procedure for using the tables with Lcx can be developed by 
examining how the tabular values were obtained. 

 Starting with a value of Lc, the strength was obtained by a 
procedure similar to the following:

 Lc was divided by ry to obtain Lc/ry

 Fn was computed
 The available strength cPn for LRFD and Pn/c for ASD

were computed

Chapter 4 – More on Effective Length
 The tabulated strengths are based on the values of Lc being 

equal to Lcy. 

 If the capacity with respect to the x-axis buckling is desired, the 
table can be entered with:

cx
c

x y

L
L

r r


 The tabulated load will be based on:

c

y

L

r

 cx x y

y

L r r

r
 cx

x

L

r


Chapter 4 – More on Effective Length
 The ratio rx/ry is given in the column load tables for each shape 

listed.
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Chapter 4 – More on Effective Length
 The ratio rx/ry is given in the column load tables for each shape 

listed.

Chapter 4 – More on Effective Length
 Example 4-11: The compression member shown below is 

pinned at both ends and supported in the weak direction at 
midheight. A service load of 400 k, with equal parts dead and 
live load, must be supported. Use Fy = 50 ksi and select the 
lightest W-shape. 

Chapter 4 – More on Effective Length
 Example 4-11: LRFD solution:

Assume that the weak direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 9 ft.

Factored Load 1.2(200 ) 1.6(200 )k k 560k

634c nP k 

Chapter 4 – More on Effective Length
 Example 4-11: From Table 1-1 (1-28) a W8 x 58 has:  

Check the strong axis: cx

x y

L

r r

18

3.65 2.10

ft

in in


3.65xr in 2.10yr in

10.36 ft 9 ft

Therefore, Lcx controls for this shape.

Enter the table with Lc = 10.34 ft. 

17.1gA in

Chapter 4 – More on Effective Length
 Example 4-11:

 606 576 606 0.34  594.8k

560k594.8c nP k  OK

Chapter 4 – More on Effective Length
 Example 4-11: Try a W10 shape 

Assume that the weak direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 9 ft.

Factored Load 1.2(200 ) 1.6(200 )k k 560k

568c nP k 
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Chapter 4 – More on Effective Length
 Example 4-11: From Table 1-1 (1-28) a W10 x 49 has:  

Check the strong axis: cx

x y

L

r r

18

4.35 2.54

ft

in in


4.35xr in 2.54yr in

10.51 ft 9 ft

Therefore, Lcx controls for this shape.

Enter the table with Lc = 10.51 ft. 

14.4gA in

Chapter 4 – More on Effective Length
 Example 4-11:

 605 585 605 0.51  594.8k

560k594.8c nP k  OK

Chapter 4 – More on Effective Length
 Example 4-11: Try a W12 shape 

Assume that the weak direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 9 ft.

Factored Load 1.2(200 ) 1.6(200 )k k 560k

611c nP k 

Chapter 4 – More on Effective Length
 Example 4-11: From Table 1-1 (1-26) a W12 x 53 has:  

Check the strong axis: cx

x y

L

r r

18

5.23 2.48

ft

in in


5.23xr in 2.48yr in

8.54 ft 9 ft

Therefore, Lcy controls for this shape.

15.6gA in

611c nP k 

Chapter 4 – More on Effective Length
 Example 4-11: Try a W14 shape 

Assume that the weak direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 9 ft.

Factored Load 1.2(200 ) 1.6(200 )k k 560k

699c nP k 

Chapter 4 – More on Effective Length
 Example 4-11: Try a W14 shape 

The W14 x 61 is the lightest section possible, but it is heavier
than the other sections.

Factored Load 1.2(200 ) 1.6(200 )k k 560k

699c nP k 
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Chapter 4 – More on Effective Length
The compression member shown below is 

pinned at both ends and supported in the weak direction at 
midheight. A service load of 400 k, with equal parts dead and 
live load, must be supported. Use Fy = 50 ksi and select the 
lightest W-shape. 

Use a W12 x 53 

W8 x 58
W10 x 54
W12 x 53
W14 x 61 

 Example 4-11:

Let’s work on some problems

Chapter 4 – More on Effective Length

Chapter 4 – More on Effective Length
 Whenever possible, the designer should provide extra support 

for the weak direction of a column. 

 Otherwise, the member is inefficient (i.e., it has an excess of 
strength in one direction). 

 When Lcx and Lcy are different, Lcy will control unless rx/ry is 
smaller than Lcx/Lcy

 When the two ratios are equal, the column has equal strength 
in both directions. 

 For most of the W-shapes in the column load tables, rx/ry

ranges between 1.6 and 1.8, but it is as high as 3.1 for some 
shapes.

Chapter 4 – More on Effective Length
 Example 4-12: The column shown below is subjected to a 

service dead load of 140 k and a service live load of 420 k. Use 
A992 steel (Fy = 50 ksi ) and select a W-shape. 

cx
cy

x y

L
L

r r


20cxL ft 8cyL ft

The effective length Lcx will 
control whenever:

cx
x y

cy

L
r r

L


20

8
cx

cy

L ft

L ft
 2.5

Chapter 4 – More on Effective Length
 Example 4-12: The column shown below is subjected to a 

service dead load of 140 k and a service live load of 420 k. Use 
A992 steel (Fy = 50 ksi ) and select a W-shape. 

cx
cy

x y

L
L

r r


20cxL ft 8cyL ft

So, Lcx will control if rx/ry < 2.5

cx
x y

cy

L
r r

L


20

8
cx

cy

L ft

L ft
 2.5

Chapter 4 – More on Effective Length
 Example 4-12: The column shown below is subjected to a 

service dead load of 140 k and a service live load of 420 k. Use 
A992 steel (Fy = 50 ksi ) and select a W-shape. 

20cxL ft 8cyL ft

Since this is true for almost 
every shape in the column load 
tables, Lcx probably controls in 
this example.

31 32

33 34

35 36

CIVL 3131 Steel Design - Compression Members 4.7 - Part 1 6/9



Chapter 4 – More on Effective Length
 Example 4-12: The column shown below is subjected to a 

service dead load of 140 k and a service live load of 420 k. Use 
A992 steel (Fy = 50 ksi ) and select a W-shape. 

Assume rx/ry = 1.7 
cx

x y

L

r r

20

1.7

ft
 11.76 8cyL ft 

Assume Lcx controls in this example.

Chapter 4 – More on Effective Length
 Example 4-12: The column shown below is subjected to a 

service dead load of 140 k and a service live load of 420 k. Use 
A992 steel (Fy = 50 ksi ) and select a W-shape. 

LRFD solution: 1.2 1.6uP D L     1.2 140 1.6 420k k  840k

Enter the column load table with Lcx = 12 ft. 

Assume that the strong direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 12 ft.

Chapter 4 – More on Effective Length
 Example 4-12: Try a W8 shape for a strength > 840 k 

Assume that the strong direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 12 ft.

There are no W8 sections with enough strength

Chapter 4 – More on Effective Length
 Example 4-12: Try a W10 shape for a strength > 840 k 

Assume that the strong direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 12 ft.

940c nP k 

Chapter 4 – More on Effective Length
 Example 4-12:

940c nP k 

From Table 1-1 (1-28) a W10 x 88 has:  

4.54xr in 2.63yr in 26.0gA in
4.60

2.63
x y

in
r r

in
 1.73

Chapter 4 – More on Effective Length
 Example 4-12:

Actual cx

x y

L

r r

20

1.73

ft
 11.56 ft 12 ft

From Table 1-1 (1-28) a W10 x 88 has:  

37 38
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Chapter 4 – More on Effective Length
 Example 4-12:

954.5c nP k 

By interpolation, a W10 x 88 has:

 973 940 973 0.56  954.5k

840k954.5c nP k  OK

Chapter 4 – More on Effective Length
 Example 4-12: Try a W12 shape for a strength > 840 k

Assume that the strong direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 12 ft.

887c nP k 

Chapter 4 – More on Effective Length
 Example 4-12: From Table 1-1 (1-28) a W12 x 79 has:  

5.34xr in 3.05yr in 23.2gA in
5.34

3.05
x y

in
r r

in
 1.75

887c nP k 

Chapter 4 – More on Effective Length
 Example 4-12:

Actual cx

x y

L

r r

20

1.75

ft
 11.43 ft 12 ft

From Table 1-1 (1-28) a W12 x 79 has:  

Chapter 4 – More on Effective Length
 Example 4-12: By interpolation, a W12 x 79 has: 

 910 887 910 0.43  900.1k

840k900.1c nP k  OK

900c nP k 

Chapter 4 – More on Effective Length
 Example 4-12: Try a W14 shape for a strength > 840 k

Assume that the strong direction controls and enter Table 4-1a 
for Fy = 50 ksi and Lc = 12 ft.

884c nP k 

43 44

45 46

47 48
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Chapter 4 – More on Effective Length
 Example 4-12: From Table 1-1 (1-28), the W14 x 82:

6.05xr in 2.48yr in
6.05

2.48
x y

in
r r

in
 2.44

Actual cx

x y

L

r r
20

2.44

ft
 8.198 ft 12 ft Assume Lc = 9 ft.

854c nP k 

Chapter 4 – More on Effective Length
 Example 4-12: From Table 1-1 (1-28), the W14 x 74:

6.04xr in 2.48yr in
6.04

2.48
x y

in
r r

in
 2.44

Actual cx

x y

L

r r

20

2.44

ft
 8.198 ft 12 ft Assume Lc = 9 ft.

854c nP k 

By interpolation, a W14 x 74 has

Chapter 4 – More on Effective Length
 Example 4-12:

840k874c nP k  OK

Chapter 4 – More on Effective Length

Use a W14 x 74 

W10 x 88
W12 x 79
W14 x 74 

 Example 4-12: The column shown below is subjected to a 
service dead load of 140 k and a service live load of 420 k. Use 
A992 steel (Fy = 50 ksi ) and select a W-shape. 

Let’s work on some problems

Chapter 4 – More on Effective Length

Any questions?

Chapter 4 – More on Effective Length

49 50

51 52

53 54
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