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│CHAPTER 4│ 

Steel Column Design 

Learning Objectives 

⚫ Understanding the concept of effective length and 
classification of sections. 

⚫ Production of valid designs for steel columns under axial 

force only. 

⚫ Production of valid design for simple construction and 
continuous construction steel columns under combined 
axial force and moments. 
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1. Compression Members (Clause 8.7) 

1.1 Effective Length 

The resistance of a member to buckling depends on (slenderness) the effective 

length to radius of gyration ratio ( = LE/r).  The effective length is a function 

of the actual length between restraints and depends on the type of restraint 
provided (i.e. rotational and positional restraint).  In the majority of cases the 

effective length will be determined from Table 8.61.  Effective length LE is 

equal to the product of K and the actual length L. 
 

 

Table 1 – Extract of Table 8.6 of the HK Code1 
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Having determined the slenderness (), the designer will select a compressive 

strength (pc) from the relevant strut table and hence calculate the compression 

resistance (Pc), i.e.  
 

 Pc = Ag pc  

 

where Ag is the sum of gross cross-sectional area. 
 

Note that this equation is applicable to plastic, compact and semi-compact 

section 
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1.2 Multiple strut tables 

The compressive strength pc depends on the types of section, design strength, 

slenderness and a suitable buckling curve that should be selected from Table 8.7. 
 

 

Table 2 – Extract of Table 8.7 of the HK Code1 
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Table 3a – Extract of Table 8.8ao of the HK Code1 
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Table 3b – Extract of Table 8.8a of the HK Code1 
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Table 3c – Extract of Table 8.8a1  
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Table 3d – Extract of Table 8.8b of the HK Code1 
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Table 3e – Extract of Table 8.8b of the HK Code1 
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Table 3f – Extract of Table 8.8c of the HK Code1 
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Table 3g – Extract of Table 8.8c of the HK Code1 
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Table 3h – Extract of Table 8.8d of the HK Code1 
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Table 3i – Extract of Table 8.8d of the HK Code1 
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2. Compression Members under Combined 
Axial Force and Moments (Clause 8.9) 

 

Compression members should be checked for cross sectional capacity and 
member buckling resistance.  Special requirements are given for columns in 

simple construction (see Clause 8.7.8).  A more detailed explanation of this 

method is dealt with later. 

 

2.1 Cross section capacity check (Clause 8.9.1) 

Except for Class 4 slender cross-section, the cross section capacity can be 
checked as:  
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where  

 Fc  is the design axial compression at critical location; 

 Ag  is the gross cross-sectional area; 

 py  is the design strength; 
 Mx  is the design moment about the major axis at critical location; 

 My  is the design moment about the minor axis at critical location; 

 Mcx  is the moment capacity about the major axis; 
 Mcy  is the moment capacity about the minor axis. 
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2.2 Member buckling resistance (Clause 8.9.2) 

The resistance of the member of a sway frame can be checked using,   
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where the notations are as given in clause 8.9.2 of the Code as follows: 
 Fc is the design axial compression at critical location; 

 Pcx is compression resistance under sway mode and about x-axis; 

 Pcy is compression resistance under sway mode and about y-axis; 
 Pc is the smaller of Pcx and Pcy; 

 cP  is the smaller of the axial force resistance of the column about x- 

and y- axis under non-sway mode and determined from a 

second-order analysis or taking member length as the effective 
length. 

 Mb is the buckling resistance moment in clause 8.3.5.2 

 Mx is the maximum design moment amplified for the P-△-δ effect 

about the major x-axis; 

 xM  is the maximum first order linear design moment about the major 

x-axis; 
 My is the maximum design moment amplified for the P-△-δ effect 

about the minor y-axis; 

 yM  is the maximum first order linear design moment about the minor 

y-axis; 
 MLT is the maximum design moment amplified for the P-△-δ effect 

about the major x-axis governing Mb; 

 Mcx is the elastic moment capacity py*Zx about the major axis; 
 Mcy  is the elastic moment capacity py*Zy about the minor axis. 

 mx is the equivalent uniform moment factor for flexural buckling about 

the major axis in Table 8.9; 

 my is the equivalent uniform moment factor for flexural buckling about 
the minor axis in Table 8.9; 

 mLT is the equivalent moment factor for lateral-flexural buckling in 

Table 8.4. 
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Equation 8.79 is for checking against sway due to P- moment where effective 

length due to member initial curvature is in control; 

Equation 8.80 is for checking against the case where sway moment due to lateral 
force is in control; 

Equation 8.81 is for combined axial force and lateral-torsional beam buckling 

check. 

Equation 8.79 is more critical than Equation 8.80 when lateral force is small and 
vice versa. 

 

2.3 Frame Classification (Cl. 6.3) 

2.3.1 Non-sway frames 

Except for advanced analysis, a frame is classified as non-sway and the P- 

effect can be ignored when cr  10 

 

For advanced analysis, a frame is classified as non-sway and the P- effect can 

be ignored when cr  15 

 

2.3.2 Sway frames 

Except for advanced analysis, a frame is classified as sway when 10 > cr  5 

 

For advanced analysis, a frame is classified as sway when 15 > cr  5 

 

2.3.3 Sway ultra-sensitive frames 

A frame is classified as sway ultra-sensitive when cr < 5.  Only second order 

P-- or advanced analysis can be used for sway ultra-sensitive frames. 
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2.4 Moment Amplification (Cl. 8.9) 

The effect of moment amplification are automatically considered in a 
second-order P-△-δ analysis such as by using NIDA (a computer program 

developed by CSE of PolyU).  Alternatively, cr (elastic critical load factor) 

can be found by an elastic buckling analysis or by Equation 6.1, 

 

NV

N
cr

h

F

F


 =        (Eqn 6.1) 

 

where  FV is the factored Dead plus Live loads on and above the floor 

considered; 
 FN is the notional horizontal force taken typically as 0.5% of FV for the 

building frames; 

 h is the storey height; 

 N is the notional horizontal deflection of the upper storey relative to 

the lower storey due to the notional horizontal force FN. 

 

and used to multiply the maximum moment by the following amplification 
factor. 
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For non-sway frame, only Equation 8.80 and Equation 8.81 are considered.  

For more exact analysis, cP  in equation 8.80 can be replaced by Pc using 

computed effective length.  The P- amplification factor 
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−

 should 

be used for non-sway frames. 
 

 

* In order to simplify our study, only column in a non-sway frame is 

considered.  For the design of column in a sway frame, it will not be covered 

in this course. 
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Table 4 – Extract of Table 8.9 of the HK Code1 
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3. Design of Columns in Simple Construction 

 

(a) For column design in simple construction, all beams are assumed fully 
loaded and simply supported on columns.  All equivalent moment factors 

(m) in columns should be taken as unity 1.0.   

 
 (i) The column should satisfy the relationship given in Clause 8.9 for cross 

section capacity and member buckling resistance check. 

 (ii) In calculating Mb, the equivalent slenderness of the column between 

restraints should be taken as 

   LT = 0.5 
yr

L
 

 where L is the length of the column between lateral supports or the storey 

height (not LE) and ry is the radius of gyration about the minor axis. 

 
(b) Clause 8.7.8: The following provisions apply specifically to columns in 

simple multi-story construction. 

 

(i) Pattern loading need NOT be considered. 
(ii) The nominal moment on columns due to simply supported beams should 

be calculated as follows: 

 For beams resting on the face of steel columns, the reaction position 
should be taken as the larger of 100 mm from the column face or at the 

centre of the stiff bearing length. 

(iii) In multi-storey buildings where columns are connected rigidly by splices, 

the net moment applied at any one level should be distributed among 
members in proportion to the column stiffnesses or to their I/L ratios. 

 

The effective length for columns in bending is not required in the calculation of 

Mb due to the provisions noted above; i.e. LT = 0.5 L/ry. 

 

The effective length for columns to be used when calculating the compressive 
resistance should be obtained from Table 8.6 depending on the end conditions.  

It should be noted that where the beam is loaded to more than 90% of its 

capacity it should be considered as incapable of affording rotational restraint to 

the column to which it is connected (see Clause 8.7.2). 
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Summary for Column Design 

 

Checking Columns in Simple 

Construction 

(e.g. Connections 

between beams and 

columns are pinned) 

Columns in Continuous 

Construction (non-sway) 

(e.g. Columns in rigid 

frame) 

 

Cross 

Section 

Capacity 

Check 
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For plastic and compact 

sections, 

xyxycx ZpSpM = 2.1  

yyyycy ZpSpM = 2.1  

(No need to carry local 
capacity check as the 

member buckling resistance 
check is more critical.) 
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For plastic and compact 

sections, 

xyxycx ZpSpM = 2.1  

yyyycy ZpSpM = 2.1  
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Resistance 
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Note that: 

1. The equivalent moment 
factors (mx, my & mLT) are 

set to 1.  

2. LT = 0.5*(L/ry) and from 

table 8.3a to determine pb.  
Hence Mb = pb*Sx. 

3. L is the column height, but 

NOT the effective column 
height LE. 

4. xycx ZpM =  

 yycy ZpM =  
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Note that: 
1. The equivalent moment 

factors (mx and my) has 

different values in x-x and 

y-y directions and to be 
obtained from Table 8.9. 

2. The value of mLT to be 

obtained from Table 8.4. 

3. LT = uv w and from 

table 8.3a to determine pb.  

Hence Mb = pb*Sx.  

4. xycx ZpM =  

 yycy ZpM =  
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Example 1 (Column with pinned ends) 

 

A grade S355 steel column is subjected to a factored axial force of 2500 kN.  

The column is 6 m long and is pinned at both ends.  Select a suitable column 

section. 

 

 

Solution 

 

                 Ref. 

 Factored Load Fc = 2500 kN 
 Effective Lengths  Lex = Ley = 6.0 m             Table 8.6 

 

Assume 305 x 305 x 118 UC (Grade S355) 

 From section table, 
 T = 18.7 mm, b/T = 8.22, d/t = 20.6, rx = 13.6 cm, ry = 7.77 cm, 

 A = 150 cm2 

 
 Design Strength py  

T = 18.7 > 16 mm  py =345 N/mm2        Table 3.2 

 
Section Class: 

Outstand element of compressive flange 

Semi-compact limit = 13   

2500 kN

6
m
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 where  = 0.89 =
345

275
 i.e.    

p

275

y

          Table 7.1 

13   = 13 x 0.89 = 11.6 

 11.6 <  8.22 = 
T

b
 

 

Web, subject to compression throughout, semi-compact limit = 40 

    40 = 40 x 0.89 = 35.6 

 35.6 < 20.6 = 
t

d
 

 Section is not slender 

 

N.B. Semi-compact criterion has been used to determine whether or not 

section is slender, since the capacity of slender section has to be reduced for 

local buckling. 
 

Slenderness    x =  44.1 i.e. 
13.6

10 x 6.0
 = 

r

L 2

x

EX  

 y =  77.2 i.e. 
7.77

10 x 6.0
 = 

r

L 2

y

EY  

 
Compressive Strength pc  Strut table selection : -Table 8.7 

 

 For x = 44.1, pc  = 302 N/mm2    Table 8.8(b) 

    y = 77.2, pc  = 193 N/mm2 (governs) Table 8.8(c) 

 

 Compressive Resistance Pc = Ag pc          

 
Where Ag =gross cross sectional area = 150 cm2 

 

 kN 2895 = 
10

193x 10150x 
 = P

3

2

c  

 

     Since Pc = 2895 > Fc =2500    Section adequate 
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Example 2 - (Column with Pinned Ends - Tied in Weaker Axis ) 

 

A grade S355 steel column is subjected to a factored axial force of 2500 kN.  

The column is 6 m long and is pinned at both ends.  The column is braced in 

the weaker axis at the mid-height.  Select a suitable column section. 
 

 

Solution 

 

                 Ref. 

 

 Factored Load Fc = 2500 kN 
 Effective Lengths  Lex = 6.0m &  Ley = 3.0 m      Table 8.6 

 

 Assume 254 x 254 x 73 UC (Grade S355) 

 From section table, 

 T = 14.2 mm, b/T = 8.96, d/t = 23.3, rx = 11.1 cm  ry = 6.48 cm, 

 A = 93.1 cm2 

 
Design Strength py  

T = 14.2 < 16 mm  py =355 N/mm2      Table 3.2 

  
 

 

 

2500 kN

6
m

3
m

3
m
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Section Class: 

Outstand element of compressive flange 

Semi-compact limit = 13   

where  = 0.88 =
355

275
 i.e.    

p

275

y

           Table 7.1 

13   = 13 x 0.88 = 11.4 

11.4 <  8.96 = 
T

b
 

 

Web, subject to compression throughout, semi-compact limit = 40 

    40 = 40 x 0.88 = 35.2 

 35.2 < 23.3 = 
t

d
 

 Section is not slender 

 

N.B. Semi-compact criterion has been used to determine whether or not 

section is slender, since the capacity of slender section has to be reduced for 
local buckling. 

 

Slenderness    x =  54 i.e. 
11.1

10 x 6.0
 = 

r

L 2

x

EX  

              y =  46.3 i.e. 
6.48

10 x 3.0
 = 

r

L 2

y

EY  

 

Compressive Strength pc  Strut table selection : -Table 8.7 

 

 For x = 54, pc  = 288 N/mm2    Table 8.8(b) 

    y = 46.3, pc  = 285 N/mm2 (governs) Table 8.8(c) 

 

Compressive Resistance Pc = Ag pc  
 

Where Ag =gross cross sectional area = 93.1 cm2 

 

Pc =
93.1 ∗ 102 ∗ 285

103 = 2653 kN 

Since Pc = 2653 > Fc =2500    Section adequate 
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Example 3 (Column with Axial Load and Moments) 

 

A 203 x 203 x 60 kg/m UC (grade S355) as shown in the figure is subjected to 

the loadings as tabulated.  Check if the column size is adequate.  You may 

make the following assumptions for your design. 
 

Assumptions 

(i) The column is effectively continuous and forms part of a structure of 
simple construction. 

(ii) The column is effectively pinned at the base. 

(iii) Main beams are fixed to column flange by web and seating cleats. 

(iv) Secondary beams at level (3) are small tie members. 
(v) Secondary beams at level (2) are substantial members. 

(vi) Moments on the column from the beams are due to nominal eccentricity 

and not due to partial fixity. 
(vii) Moment amplification factor is 1.15 for P-△-δ effect for design moment 

about x-axis, y-axis and design moment about major axis governing Mb 

 

 



STEELWORK DESIGN (CON4334) 

 

 

 

  Chapter 4 26 

HD in Civil Engineering 

  

Load Factors f   Dead Load = 1.4 

      Imposed Load = 1.6 

 

Loading Table 

 

 Dead Loads (kN) 

 

Imposed Loads (kN) 

Level 3 Unfactored Factored Unfactored Factored 

R13 20 28 20 32 

R33 20 28 20 32 

R23 24 34 80 128 

Self wt. 

(assumed) 

20 28   

   

118 

  

192 

Level 2     

R12 30 42 100 160 

R32 30 42 100 160 

R22 30 42 200 320 

Self wt. 
(assumed) 

20 28   

   

154 

  

640 

 
Total axial load 

  

272 

  

832 

 

Solution 

 

 

Consider level (1) to (2) 

Check 203 x 203 x 60 UC Grade S355 for column (1)-(2)          Ref 

Section properties are  t= 9.4 mm, T = 14.2 mm, d = 160.8 mm b/T = 7.25, 

       d/t = 17.1, D = 209.6 mm, rx = 8.96 cm, ry = 5.20 cm, 

       Sx = 656 cm3,  Zx= 584 cm3 Sy = 305 cm3, 

       Zy = 201 cm3, A = 76.4 cm2 

 

Section classification 

 Design Strength py  

 T = 14.2 < 16 mm,   py =355 N/mm2    Table 3.2 
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 Outstand element of compressive flange 

 ε = √
275

Py
= √

275

355
= 0.88    

 9  = 9 x 0.88 = 7.92 

 
b

T
= 7.25 < 7.92 

06.2
355*4.9*8.160

10*1104 3

1 ===
yw

c

dtp

F
r  

80ε

1 + r1
=

80 ∗ 0.88

1 + 1
= 35.2,      

Use 40ε = 35.2,   

d/t = 17.1 < 35.2   

 Section is plastic 
 

 

Column in simple multi-story construction 

For cross section capacity check, the column should satisfy the relationship 
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the equivalent uniform moment factor m is taken as 1.0 for bending about both 

axes.  The equivalent slenderness is taken as LT = 0.5 L/ry 

 
Applied axial load,    Fc= 272 + 832 = 1104 kN 

 

Moment capacity about x-x axis, 

Mcx = py * Sx = 355 * 656*10-3 = 232.9 kNm 

   1.2py * Zx = 1.2*355*584*10-3 = 248.8 kNm 

 

Moment capacity about y-y axis, 
Mcy = py * Sy = 355 * 305*10-3 = 108.3 kNm 

   1.2py * Zy = 1.2*355*201*10-3 = 85.6 kNm 

 

 Pc = Ag py  

 Where Ag =gross cross sectional area = 76.4 cm2 

 kN 2712 = 
10

355x 10 x 76.4
 = p A

3

2

yg  
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To calculate Mx 

Total moment at level (2) from main beam M2 = R22 * ex 

 
ex = D/2 + 100 = 209.6/2 + 100 = 205 mm       

M2 = 362 x 205 x 10-3 = 74.2 kNm 

 
Assume the same size for columns (1)-(2) and (2)-(3),  

 

 kNm 49.5 = 
9000

6000
 x 74.2 = 

L + L

L
 x M M

21

2
212x =−

 

 kNm 24.7 = 
9000

3000
 x 74.2 = 

L + L

L
 x M M

21

1
232x =−  

 xM  = Mx 2-1 = 49.5 kNm 

 

For cross section capacity check,  
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0.24 + 0.41= 0 + 
232.9

49.5*1.15
 + 

2712

1104
 = 0.65 <  1 

 

Member Buckling Resistance Check: 

 1  
M

M m
 + 

M

M m
 + 
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c

c                   (Eqn. 8.80) 
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cy
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To calculate Compressive Resistance  cP  

Assume at level (2), rotational and translational restraints are provided to the 

column for buckling about both axes; hence the effective lengths are : 

 

 LEX = LEY = 0.85 L1   LEX = LEY = 0.85x 3000 = 2550 mm   

Slenderness    x =  28.5 = 
8.96

10 x 2.55
 = 

r

L 2

x

EX         

 y =  49.0 = 
5.20

10 x 2.55
 = 

r

L 2

y

EY       
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Strut table selection : -             Table 8.7 

 For x = 28.5,  pc  = 337 N/mm2    Table 8.8(b) 

    y = 49.0, pc  = 277.5 N/mm2 (governs) Table 8.8(c) 

 

 cP  = smaller of Pcx and Pcy= Pcy = Ag pc  

 where Ag =gross cross sectional area = 76.4 cm2   

 cP  = Pcy =  kN 2120 = 
10

277.5x 10 x 76.4
 = p A

3

2

cg  

To calculate Mb 

  LT = 0.5 L/ry = 0.5 x 3000 /5.20 x 10 = 28.8       

  For py = 355 N/mm2 and LT = 28.8 

   pb = 355 N/mm2           Table 8.3a 

 

 Mb = Sx pb = 656 x 355 x 10-3 = 232.9 kNm       

 

The amplified moments for P-△-δ effect for use in eqn. 8.80 and 8.81 are 

 Mx = 1.15*49.5 = 56.9 kNm 

 MLT = Mx = 56.9 kNm 

 

Also, mx = my =mLT = 1 and yM  = 0 

 

Member Buckling Resistance Check: 

 

Mcx = py * Zx = 355 * 584*10-3 = 207.3 kNm 

  
Mcy = py * Zy = 355 * 201*10-3 = 71.4 kNm 

  

Check 1  
M

M m
 + 

M

M m
 + 

 P 

F
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c

c   

  0.27 + 0.52= 0 + 
207.3

56.4
 + 

2120

1104
 = 0.79 < 1 

Check 1  
M

M m
 + 

M

M m
 + 

 P 

F

cy

yy

b

LTLT

cy

c   

 
1104

2120
 + 

56.9

232.9
 + 0 =0.52 + 0.24=0.76 < 1 

         Hence section is O.K. 
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Consider Level (2) to (3) 

Check 203 x 203 x 60 UC Grade S355 for column (2)-(3)         Ref 

 
Section classification 

Section is the same as for column (1)-(2) and is therefore not slender. 

 
Applied axial load,  F = 118 + 192 = 310 kN 

 

To calculate Mx 

Total moment at level (3) from main beam M3 = R23 x ex 
 

ex = D/2 + 100 = 209.6/2 + 100 = 205 mm      

M3 = 162 x 205 x 10-3 = 33.2 kNm 

xM  =  Mx 3-2 = 33.2 kNm  or   

   Mx 2-3 = 24.7 kNm  whichever is greater.  

   Therefore xM  = 33.2 kNm 

 

For cross section capacity check,  

  1++
cy

y

cx

x

yg

c

M

M

M

M

pA

F
 

0.16 + 0.11= 0 + 
232.9

33.2*1.15
 + 

2712

310
 = 0.27 <  1 

 

To calculate Compressive Resistance cP  

Assume at level (3) the main beam provides rotational and translational restraints 
for buckling about the x-x axis but the secondary beam provides translational 

restraint for buckling about the y-y axis. 

Hence the effective lengths are : 

 
 LEX = 0.7 L2   LEX = 0.7x 6000 = 4200 mm  

 LEY = 0.85 L2   LEY = 0.85x 6000 = 5100 mm       Table 8.6 

Slenderness    x =  46.9 = 
8.96

10 x 4.2
 = 

r

L 2

x

EX  

 y =  98.1 = 
5.20

10 x 5.1
 = 

r

L 2

y

EY  

 

Strut table selection : -         Table 8.7 

 For x = 46.9, pc  = 304 N/mm2    Table 8.8(b) 

    y = 98.1, pc  = 145 N/mm2 (governs) Table 8.8(c) 
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cP  = smaller of Pcx and Pcy, hence cP = Pcy = Ag pc  

where Ag = gross cross sectional area = 76.4 cm2 

 cP  = Pcy = kN 1108 = 
10

145x 10 x 76.4
 = p A

3

2

cg  

 

To calculate Mb 

  LT = 0.5 L/ry = 0.5 x 6000 /5.2 x 10 = 57.7 

 

  For py = 355 N/mm2 and LT = 57.7 

   pb = 265 N/mm2           Table 8.3a 

 

 Mb = Sx pb = 656 x 265 x 10-3 = 173.8 kNm 

 

The amplified moments for P-△-δ effect for use in eqn. 8.80 and 8.81 are 

 Mx = 1.15*33.2 = 38.2 kNm 

 MLT = Mx = 38.2 kNm 
 

Also, mx = my = mLT =1 and yM  = 0 

 
Member Buckling Resistance Check: 

 

Check 1  
M

M m
 + 

M

M m
 + 

 P 

F

cy

yy

cx

xx

c

c   

  0.18 + 0.28= 0 + 
207.3

38.2
 + 

1108

310
 = 0.46 < 1 

 

Check 1  
M

M m
 + 

M

M m
 + 

 P 

F

cy

yy

b

LTLT

cy

c   

 0.22 + 0.28= 0 + 
173.8

38.2
 + 

1108

310
=0.50 < 1 
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Example 4 (Axially Loaded Column by Tributary Area) 

 

A part plan of an office floor and the elevation of the internal column A are 

shown in the figure.  The roof and floor loads are as follows 

 
Roof  Dead load (total)  = 5 kN/m2 

   Imposed load  = 1.5 kN/m2 

 
Floors  Dead load (total)  = 7 kN/m2 

   Imposed load  = 3 kN/m2 

 

Design column A (grade S355 steel) for axial load only.  All dead loads include 
the self-weight of the beam and column.  The roof and floor steel structures 

have the same layout.  The foundation of the column is assumed to be fixed.  

Column A is effectively held in position at both ends and unrestrained in rotation 
by floor beams. 

 

 

 

  

7.6m 7.6m

6
m

6
m

3.8m 3.8m

3
m

3
m

Tributary Area

A

roof

1st floor     

Fdn

4m

4.5m col. A

Floor Plan

Elevaton
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Solution 

 

When calculating the loads on the column, the imposed loads may be reduced in 
accordance with clause 3.7.3.1 of the Code of Practice for Dead and Imposed 

Loads 2011.  This is permitted, because it is unlikely that all floors will be fully 

loaded simultaneously.  Values from the table are: 

 

Imposed Load Reduction 

 

No. of Floors Carried by Member 

 

Reduction in Imposed Load (%) 

1 0 

2 5 

3 10 

4 15 

5 20 

6 25 

7 30 

8 35 

Over 8 40 maximum 

 
The roof is regarded as a floor for imposed load reduction purposes. 

 

The slabs for the floors and roof are one-way spanning slabs.  The dead and 

imposed loads are calculated separately. 
 

Loading 

Since all beams are simply supported, column load may be calculated from the 
“tributary area” of column, i.e. the area multiplied by the UDL will give the load 

on the column. 

 

Tributary Area of Column = 7.6 * 6 = 45.6 m2 
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Location Dead Load (kN) 

 

Imposed Load (kN) 

Below Roof 

 

5 * 45.6 = 228 1.5 * 45.6 = 68.4 

 228 

 

68.4 

Below 1st Floor 7 * 45.6 = 319.2 3 * 45.6 = 136.8 

 

 547.2 205.2 

 

 
Column Design 

 

Roof to 1st Floor 

Total factored load = 228 * 1.4 + 68.4 * 1.6 = 428.6 kN 
Try 152 x 152 x 30 UC 

T = 9.4mm, b/T = 8.13,  d/t = 19.0, ry = 3.83 cm, A = 38.3 cm2 

 

T = 9.4 mm < 16 mm    py = 355 N/mm2 

88.0
355

275275
===

yp
  

  b/T = 8.13 < 13*0.88 = 11.4 
  d/t = 19.0 < 40*0.88 = 35.2 

   the section is NOT slender. 

 
LE = 1 * 4000 = 4000 mm 

Slenderness  = LE / ry = 4000 / 38.3 = 104.4 

From table 8.8(c), pc = 132 N/mm2 

Pc = Ag*pc = 38.3*102*132 = 505.6 kN > 428.6 kN  O.K. 

 

1st Floor to Foundation (Support 2 floors – reduction in LL = 5%): 

Total factored load = 547.2 * 1.4 + (205.2 * 1.6) * 0.95 = 1078 kN 
Try 203 x 203 x 46 UC 

T = 11mm,  b/T = 9.25,  d/t = 22.3, ry = 5.13 cm, A = 58.7 cm2 

 

T = 11 mm < 16 mm    py = 355 N/mm2 

88.0
355

275275
===

yp
  
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  b/T = 9.25 < 13*0.88 = 11.4 

  d/t = 22.3 < 40*0.88 = 35.2 

   the section is NOT slender. 

 

LE = 0.85 * 4500 = 3825 mm 

Slenderness  = LE / ry = 3825 / 51.3 = 74.6 

From table 8.8(c), pc = 204 N/mm2 

Pc = Ag*pc = 58.7*102*204 = 1197 kN > 1078 kN  O.K. 
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Example 5 (Column with Axial Force and Bending Moments) 

 

A braced column in a non-sway frame 4.5m long is subjected to the factored end 

loads due to rigid frame action as listed below.  The column is fixed at one end 

and pinned at the other end.  Check that a 254 x 254 x 89 UC in grade S355 
steel is adequate. 

 

 Factored axial load          = 1650 kN 
 Factored bending moment about x-x axis, Mx, at top  = +80 kNm 

 Factored bending moment about x-x axis, Mx, at bottom = +24 kNm 

 Amplification factor for P-△-δ effect in x-x axis = 1.08 

Factored bending moment about y-y axis, My, at top  = +30 kNm 

 Factored bending moment about y-y axis, My, at bottom = -21 kNm 

 Amplification factor for P-△-δ effect in y-y axis = 1.15 

Factored bending moment amplified for P-△-δ effect governing Mb  

MLT = 80*1.08 = 86.4 kNm (distribution same as Mx) 

(+ve - clockwise, -ve - anti-clockwise) 

 

Solution 

 

From section table, T = 17.3 mm, b/T = 7.41,  d/t = 19.4, d = 200.3mm 
 t = 10.3 mm, ry = 6.55 cm, Zx = 1096 cm3, 

 Zy = 379 cm3,  Sx = 1224 cm3, Sy = 575 cm3, 

 u = 0.850,  x = 14.5,  A = 113 cm2 

 

T = 17.3 mm > 16 mm,  py = 345 N/mm2 

89.0
345

275
==  

  b/T = 7.41 < 9 = 9*0.89 = 8.01 and  

32.2
345*3.10*3.200

10*1650 3

1 ===
yw

c

dtp

F
r  

6.35
11

89.0*80

11

80

1

=
+

=
+ r


,  Use 40 = 35.6 

 

d/t = 19.4 < 35.6   

 Section is plastic 
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Cross section capacity check  

Moment capacity about x-x axis, 
Mcx = py * Sx = 345 * 1224*10-3 = 422.3 kNm 

   1.2py * Zx = 1.2*345*1096*10-3 = 453.7 kNm 

 
Moment capacity about y-y axis, 

Mcy = py * Sy = 345 * 575*10-3 = 198.4 kNm 

   1.2py * Zy = 1.2*345*379*10-3 = 156.9 kNm 

 

  1++
cy

y

cx

x

yg

c

M

M

M

M

pA

F
 

 0.1848.0220.0205.0423.0
9.156

30*15.1

3.422

80*08.1

345*10*113

101650
2

3

=++=++
x

 

 

The section is satisfactory with respect to cross section capacity. 
 

Member Buckling Resistance Check 

 

The effective length LE = 0.85 * 4500 = 3825 mm 

Slenderness  = LE / ry = 3825/65.5 = 58.4 

From table 8.8 (c),  pc = 246 N/mm2 

 

Consider Mx, the ratio of end moments  = -24/80 = -0.3 

From table 8.9, mx = 0.54 

 

Consider My, the ratio of end moments  = 21/30 = 0.7 

From table 8.9, my = 0.88 

 
Moment capacity about x-x axis, 

Mcx = py * Zx = 345 * 1096*10-3 = 378.1 kNm 

   

Moment capacity about y-y axis, 
Mcy = py * Zy = 345 * 379*10-3 = 130.8 kNm 

   

Check 1  
M

M m
 + 

M

M m
 + 

 P 

F

cy

yy

cx

xx

c

c   

0.230.12 + 0.59= 
130.8

30*1.15*0.88
 + 

378.1

80*1.08*0.54
 + 

246*10*113

10*1650
2

3

+   

= 0.94 < 1 
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The equivalent slenderness LT = uv w  

 u = 0.850,   = 58.4,  x = 14.5 

v = 
25.0

2)(05.01

1









+

x


= 0.862 

 

 

For class 1 & 2 section, βw = 1 

hence  LT = 0.85*0.862*58.4 = 42.8 

 

From table 8.3a,  pb = 308.6 N/mm2 
Buckling resistance moment 

Mb = pb*Sx = 308.6*1224*10-3 = 377.7 kNm 

 

Consider Mx, the ratio of end moments  = -24/80 = -0.3 

From table 8.4a, mLT = 0.48 

 

Check 1  
M

M m
 + 

M

M m
 + 

 P 

F

cy

yy

b

LTLT

cy

c   

0.200.11 + 0.59= 
130.8

30*0.88
 + 

377.7

86.4*0.48
 + 

246*10*113

10*1650
2

3

+   

 

                              =  0.90 < 1.0 

 
The section is also satisfactory with respect to member resistance buckling. 
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  Revision 

Read reference 2 on P.144 -184. 

 

  Main Reference 

1. Code of practice for Structural Use of Steel 2011, Buildings Department, the 

Government of HKSAR 

2. Structural Steelwork, Design to Limit State Theory, 3rd edition (2004), 

Dennis Lam, Thien-Cheong Ang, Sing-Ping Chiew, Elsevier. 

3. Limit States Design of Structural Steelwork, 3rd edition (2001), D.A. 

Nethercot, Spon Press. 

4. The Behaviour and Design of Steel Structures to BS5950, 3rd edition (2001), 

N.S. Trahair, M.A. Bardford, D.A. Nethercot, Spon Press. 

5. Steel Designers’ Manual, 6th edition (2003), Oxford: Blackwell Science, 

Steel Construction Institute. 

6. Structural Steelwork, Design to Limit State Theory, 2nd edition, T.J. 

MacGinley and T.C. Ang, Butterworths. 
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Q1. Given a column section of 305 x 305 x 118 kg/m UC with an effective length LE = 4.5 m, find 

the compressive resistance Pc of the column.  Use grade S355 steel. 

 

Q2. Check the column in Q1 for structural adequacy with the following ultimate design force and 

bending moments, from the 1st order analysis, if the column is in a non-sway frame. 

 Axial force including self weight of the column F = 1450 kN 

 Bending Moment Mx = 220 kNm, My = 35 kNm,  MLT = 200 kNm 

 Amplification factor for P-△-δ effect in x-x axis = 1.1 

 Amplification factor for P-△-δ effect in y-y axis = 1.15 

 

 

Q3. A column between floors of a non-sway multi-story building frame is subjected to biaxial 

bending at the top and bottom.  The column member is of the Grade S355 with 305 x 305 x 

198 kg/m UC section.  The effective length of the column is 6m.  Investigate its adequacy if 

the design loads data, from 1st order analysis, are as follows: 

 

 Ultimate axial compression  = 2500 kN 

 Ultimate moments, 

 Top – about major axis = +350 kNm 

     - about minor axis = +90 kNm 

 Amplification factor for P-△-δ effect in x-x axis = 1.1 

 Bottom –about major axis = +150 kNm 

        - about minor axis = -70 kNm 

 Amplification factor for P-△-δ effect in y-y axis = 1.15 

       Ultimate moment amplified for P-△-δ effect governing Mb  

       MLT = 350 kNm 

 (+ve – clockwise,  -ve – anti-clockwise) 

 

 

Q4. Check the adequacy of a 203 x 203 x 60 kg/m UC (grade S355) column with an effective length 

LE = L = 4.5 m, if the total ultimate vertical loads, from 1st order analysis, acting on it at the roof 

level of a building are as follows, assuming simple construction in the design: 

 

F1 = 650 kN including self weight acting at the center of the column. 

Fx = 140 kN (along X-axis) with an eccentricity ey of 105 mm from the y-axis, due to beam 

reactions. 

Fy = 100 kN (along Y-axis) with an eccentricity ex of 208 mm from the x-axis, due to beam 

reactions. 

   Moment Amplification factor for P-△-δ effect for all moments = 1.15 

 

│TUTORIAL 4│ 
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Q5. A column between floors of a simple construction multi-story building is subjected to the 

following loadings due to beam reactions and the axial force above.  It is assumed that the 

stiffness of the upper and the lower columns of the floor under consideration is the same.  Check 

the adequacy of a grade S355, 254 x 254 x 89 kg/m UC section if the effective length of the 

column is 5.1m and the actual column height is 6m.  All the loadings shown below are factored 

loads from the 1st order analysis. 

 F = 1200 kN including self weight acting at the center of the column. 

 Fx1 = 150 kN with an eccentricity ey of 220 mm from the y-axis, due to beam reactions. 

 Fx2 = 100 kN with an eccentricity ey of 110 mm from the y-axis, due to beam reactions. 

 Fy1 = 180 kN with an eccentricity ex of 230 mm from the x-axis, due to beam reactions. 

 Fy2 = 300 kN with an eccentricity ex of 270 mm from the x-axis, due to beam reactions. 

    Moment Amplification factor for P-△-δ effect for all moments = 1.15 
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