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DESIGN OF COMPOSITE BEAMS (As per IS 11384 – 1985) 

Limit State of Collapse: Flexure  

In a homogeneous material, the plastic neutral axis coincides with the equal area axis of the 

section.  The same concept can be used in case of composite beams also, provided the steal area 

is transformed into an equivalent concrete area by multiplying it with the stress ratio 

� =
0.87 ��

0.36 ���
 

where �� is the yield strength of Steel and ��� is the characteristic strength of concrete. 

Table 1 gives condition for identifying the position of plastic neutral axis and corresponding 

moment capacity of the composite section.  The details of different cases and various notations 

used are presented in Figures 1, 2 and 3. 

 

Limit State of Collapse: Horizontal Shear  

Mechanical Shear Connectors should be provided to transmit the horizontal shear between the 

steel beam and the concrete slab.  The number of shear connectors to be provided should be 

such that they resist the maximum value of the horizontal shear force to be transmitted at 

collapse between points of maximum and zero moment.  The maximum value of the horizontal 

shear force should be equal to the total compressive force in concrete and is given by 

��� = 0.36������                  ��� �� < ��  

��� = 0.36������                  ��� �� ≥ �� 

The design strength of various types of shear connectors for different grades of concrete are 

given in Table 2.  The number of transverse sections where shear connectors are to be provided 

between locations of maximum and minimum bending moments is computed from 

� =
���

����
 

where �� is the design strength of one shear connector and �� is the number of shear connectors 

provided at a transverse section.  Generally, shear connectors are uniformly spaced along the 

length of the beam, and the spacing between the transverse sections is calculated from 

� =
��

�
 

where �� is the distance between the locations of maximum and minimum bending moments in 

a composite beam.  The spacing should neither be greater than four times the slab thickness nor 

greater than 600 mm. 

Limit State of Serviceability: Deflection  

In this case the beam is analysed using the elastic theory adopting a modular ratio of 15 for a live 

load and 30 for a dead load neglecting the tensile stress in concrete.  The deflection should not 

exceed span/325. 

  



 
Figure 1 Plastic Netural Axis within the Concrete Slab 

 

Figure 2 Plastic Netural Axis within the Flange of the Steel Beam 

 
Figure 3 Plastic Netural Axis within the Web of the Steel Beam 



 

Table 1: Position of Neutral Axis and Moment Capacity 

Position of Plastic 
Neutral Axis 

Condition Neutral Axis Depth �� Moment Capacity �� 

Within the concrete 
slab 

�� < �� 
��� ≥ ��� �� =

���

�
 �� = 0.87����(�� + 0.5�� − 0.42��) 

Within top flange of 
the steel beam 

�� < �� < ��� + ��� 
��� < ��� < ���� + 2���� �� = �� +

(��� − ���)

2���
 �� = 0.87�����(�� + 0.08��) − ��(�� − ��)(�� + 0.16��)� 

Within the web of 
the steel beam 

�� > ��� + ��� 
���� − 2��� > ��� �� = �� + �� +

���� − 2��� > ���

2���
 

�� = 0.87�����(�� + 0.08��) − 2���0.58�� + 0.5���

− 2����� − �� − ����0.5�� + 0.08�� + 0.5���� 



Table 2 : Classification of Composite Section 

 
- 

  



DESIGN OF COMPOSITE BEAMS WITH PROFILED SHEETING 

Note: IS: 11384 – 1985 gives no reference to profiled deck slab and partial shear connection. 

Therefore, the provisions according to EC4 is adopted in this section. 

Span to Depth Ratio 

EC4 specifies the following span to depth (total beam and slab depth) ratios for which the 

serviceability criteria will be deemed to be satisfied. 

Simply supported 
15-18 (Primary Beams) 

18-20 (Secondary Beams) 

Continuous 
18-22 (Primary Beams) 

22-25 (End bays) 

 

Effective breadth of flange 

In EC4, the effective breadth of simply supported beam is taken as λo/8 on each side of the steel 

web, but not greater than half the distance to the next adjacent web. For simply supported beam 

λo = λ Therefore, 

���� =
 λ

4
 ��� ≤ �  

where, 

λo = The effective span taken as the distance between points of zero moments 

λ = Actual span 

B = Centre to Centre distance of transverse spans for slab 

 

For continuous beams λo is obtained from Fig 4 

 

Figure 4 Value of λo for continuous beam as per EC4 

 

  



Moment and Shear Coefficients for Continuous Beam 

In order to determine the distribution of bending moments under the design loads, Structural 

analysis has to be performed. For convenience, the IS: 456-1978 lists moment coefficients as well 

as shear coefficients that are close to exact values of the maximum load effects obtainable from 

rigorous analysis on an infinite number of equal spans on point supports. Table 3 gives the 

bending moment coefficients and Table 4 gives the shear coefficients according to IS: 456-1978. 

These coefficients are applicable to continuous beams with at least three spans, which do not 

differ by more than 15 percent of the longest. These values are also applicable for composite 

continuous beams. 

Table 3 Bending moment coefficients 

 

Table 4 Shear Force coefficients 

 

Moment Capacity 

Table 5 and 6 presents the equations for moment capacity according to EC4.  These equations 

are largely restricted to sections, which are capable of developing their plastic moment of 

resistance without local buckling problems.  Fig 5 shows the stress distribution diagram for 

plastic and compact sections for full interaction according to EC4. Fig 6 shows the stress 

distribution for hogging bending moment.   

  



The notations used are as follows: 

Aa = area of steel section 

γa = partial safety factor for structural steel 

γa = partial safety factor for concrete 

beff = effective width of flange of slab 

fy = yield strength of structural steel 

(fck)cy = characteristic (cylinder) compressive strength of concrete 

fsk = yield strength of reinforcement 

hc = distance of rib from top of concrete 

Ht = total depth of concrete slab 

Hg = depth of centre of steel section from top of steel flange 
 

 

Figure 5 Resistance to sagging bending moment 

 

Figure 6 Resistance to hogging bending moment 



Table 5 Positive moment capacity of section with full shear connection 

 

 

Table 6 Negative moment capacity of section with full shear connection 

 

 - 



Vertical Shear 

In a composite beam, the concrete slab resists some of the vertical shear. But there is no simple 

design model for this, as the contribution from the slab is influenced by whether it is continuous 

across the end support, by how much it is cracked, and by the local details of the shear 

connection. It is therefore assumed that the vertical shear is resisted by steel beam alone, exactly 

as if it were not composite.  

The shear force resisted by the structural steel section should satisfy: 

� ≤ �� 

where, �� is the plastic shear resistance given by 

�� = 0.6 �  � 
��

γ�
   for rolled I,H,C Sections 

�� = � � 
��

γ� √3
   for Built up Sections 

In addition to this the shear buckling of steel web should be checked. The shear buckling of steel 

web can be neglected if following condition is satisfied. 

�

�
 ≤ 67 ∈   for web not encased in concrete 

�

�
 ≤ 120 ∈   for web encased in concrete 

where ∈ =  �
���

��
 and d is the depth of the web considered in the shear area. 

Longitudinal Shear Force 

Full Shear Connection 

 Single Span Beam 

For single span beams the total design longitudinal shear, Vλ to be resisted by shear connectors 

between the point of maximum bending moment and the end support is given by: 

 

whichever is smaller 

 Continuous Span Beam 

For continuous span beams the total design longitudinal shear, Vλ to be resisted by shear 

connectors between the point of maximum positive bending moment and an intermediate 

support is given by: 

 

where, As = the effective area of longitudinal slab reinforcement. 

 



Interaction between Shear and Moment 

Interaction between bending and shear can influence the design of continuous beam. Fig.7  

shows the resistance of the composite section in combined bending (hogging or sagging) and 

shear. When the design shear force, V exceeds 0.5Vp (point A in the Fig.7), moment capacity of 

the section reduces non-linearly as shown by the parabolic curve AB, in the presence of high 

shear force. At point B the remaining bending resistance Mf is that contributed by the flanges of 

the composite section, including reinforcement in the slab. Along curve AB, the reduced bending 

resistance is given by 

 

�� = 2 ∗� ∗� �
� − �

2
�

��

��
 ��� � ����������� � ������� 

 

Fig 7 Resistance to combined bending and vertical shear 
 

Transverse Reinforcement 

Shear connectors transfer the interfacial shear to concrete slab by thrust. This may cause 

splitting in concrete in potential failure planes. Therefore reinforcement is provided in the 

direction transverse to the axis of the beam. Like stirrups in the web of a reinforced T beam, the 

reinforcement supplements the shear strength of the concrete. The provisions for transverse 

reinforcement suggested by EC4 and IS: 11384 - 1985 are presented in Table 7. 

 

 



Table 7 Provisions for Transverse Reinforcement 

 
 

  



COMPOSITE FLOORS USING PROFILED STEEL DECKING 

Effective Span 

The continuous slab is designed as a series of simply supported spans, for simplicity.  The 

effective span can be taken as the lesser of the following: 

 Distance between centers of supports 

 The clear span plus the effective depth of the slab 

If, profiled deck sheet is propped during construction then, effective span is calculated neglecting 

the width of prop as 

�� =
� − � + ���

2
 

where, B = width of top flanges of the supporting steel beams 

 dap = The depth of the sheeting 

 l = Actual span of the composite floor 

 

Bending Resistance of Composite Slab (Full Shear Connection) 

 

Figure 8 Resistance of Composite Slab to Sagging Bending 
 

A. Neutral Axis above Sheeting [Figure 8 (a)] 

��� = ��� =
�� ���

���
 

where, �� = Effective area of cross section of decking sheet per meter width 

 ��� = Yield strength of steel 

 ��� = Partial safety factor (1.15) 

    

�ℎ� ������� ���� ����ℎ � =  
���

�(0.36���)
 ����� �ℎ�� � ≤ ℎ� 

������ ���������� �� ������� ������� ��.�� = ������ − 0.42 ��  

(a) (b) (c) (d) 



B. Neutral Axis within Sheeting [Figure 8 (b = c + d)] 

������ ���������� ��.�� = ������+ ����� 

��� =  �ℎ�(0.36���) 

� = ℎ� − 0.42 ℎ� − �� +
��� − �����

���
 

��� = 1.25 ���  �1 −
���

���
�≤ ��� 

Resistance to Vertical Shear 

The resistance to vertical shear is mainly provided by the concrete ribs.  The resistance of 

concrete slab with ribs of effective width �� (refer Figure 8) at a spacing of � is given by 

��.�� =  (��/�)��(��� ��)(1.2 + 40 �) ��� ���� ����ℎ 

where, �� = Depth to the centroidal axis 

 ���  = Basic shear strength of concrete 

 �� = �1.6 − ��� ≥ 1 with �� in m 

 � = �
��.�

�� ��
� < 0.02 and ��.� is effective area of shearing within �� 

 

Resistance to Longitudinal Shear 

The vertical shear resistance using m – k test method is given by 

��.�� =  ���

�
� ��

���
+ ��

���
 

where, �  = Slope of line – broad measure of the mechanical interlock 

 � = Intercept of line – broad measure of friction load 

 �� = Shear span is usually (span/4) for UDL 

 ��� = Partial safety factor for shear studs taken as 1.25 

Manufacturers of profiled sheets generally provide along with other properties the m and k 

values based on tests carried out in laboratories. 

Serviceability Limit States 

A. Cracking of Concrete 

Cracking will occur in top surface where the slab is continuous over a supporting beam in the 

hogging moment regions.  Crack width will be wider over the supports if each span of the slab is 

designed as simply supported, rather than continuous, and if the spans are propped during 

construction.  To counter cracking, longitudinal reinforcement should be provided above internal 

supports. The minimum recommended amounts are as 0.2% of the area of concrete above the 

sheeting, for unpropped construction, and 0.4% if propping is used. 



B. Deflection 

The deflection of profiled sheeting due to its own weight and the wet concrete slab should not 

exceed le/180 or 20 mm, where le is the effective span. 

For the composite slab stage, the maximum deflection below the level of the supports should 

not exceed span/250, and the increase of deflection after construction (due to creep and to 

variable load) should not exceed span/300, or span/350 if the floor supports brittle finishes or 

partitions. 

The deflections may not be excessive when span-to-depth ratios are kept within certain limits. 

These values are given in Euro code 4 as 25 for simply supported slabs, 32 for spans with one 

end continuous and 35 for internal spans. These limitations are regarded as “deemed to satisfy” 

the serviceability deflection limits. ‘Depth’ limits relate to effective depths, so for composite 

slabs the depth should be taken as depth of composite slab over centroidal axis of the profiled 

deck sheet rather than total depth of the slab. 

Note: At construction stage, the maximum deflection occurs in span when the next span is 

unloaded and is given by 

���� =
� ��

�

185 �� ��
 

Steps in the Design of Profiled Decking 

Following are the steps for design of profiled decking system. 

1. List the decking sheet data (Preferably from manufacturer’s data) 

2. List the loading 

3. Design the profiled sheeting as shuttering 

 Calculate the effective length of the span 

 Compute factored moments and vertical shear 

 Check adequacy for moment 

 Check adequacy for vertical shear 

 Check deflections 

4. Design the composite slab 

Generally the cross sectional area of the profiled decking that is needed for the construction 

stage provides more than sufficient reinforcement for the composite slab. So, the design of 

short span continuous slabs can be done as series of simply supported slabs and top 

longitudinal reinforcement is provided for cracking. However, long span slabs are designed 

as continuous over supports. 

 Calculate the effective length of the span 

 Compute factored moments and vertical shear 

 Check adequacy for moment 

 Check adequacy for vertical shear 

 Check adequacy for longitudinal shear 

 Check for serviceability, i.e. cracking above supports and deflections 

  



COMPOSITE COLUMNS – AXIAL COMPRESSION 

A composite column, as in other structural components, must also be designed for the Ultimate 

Limit State. For structural adequacy, the internal forces and moments resulting from the most 

unfavorable load combination should not exceed the design resistance of the composite cross-

sections. While local buckling of the steel sections may be eliminated, the reduction in the 

compression resistance of the composite column due to overall buckling should definitely be 

allowed for, together with the effects of residual stresses and initial imperfections. Moreover, 

the second order effects in slender columns as well as the effect of creep and shrinkage of 

concrete under long term loading must be considered, if they are significant. The reduction in 

flexural stiffness due to cracking of the concrete in the tension area should also be considered. 

At present, there is no Indian Standard covering Composite Columns. The method of design 

presented here largely follows EC4. 

Simplified design method 

The simplified method is formulated for isolated composite columns with doubly symmetrical 

uniform cross-sections in braced or non-sway frames.  This method also adopts the European 

buckling curves for steel columns as the basis of column design.  This method cannot be applied 

to sway columns. 

Note: When a sufficiently stiff frame is subjected to in–plane horizontal forces, the additional 

internal forces and moments due to the consequent horizontal displacement of its nodes 

can be neglected, and the frame is classed as “non-sway”. 

Resistance of cross-section to compression 

The plastic compression resistance of a composite cross-section represents the maximum load 

that can be applied to a short composite column.  The plastic resistance of an encased steel 

section or concrete filled rectangular or square section (i.e. the so-called “squash load”) is given 

by the sum of the resistances of the components as follows: 

�� =
����

��
+

����(���)��

��
+

�����

��
 �ℎ��� (���)�� =  0.8(���)�� 

�� = ���� + ����� + ����� 

where,   
��,�� ��� �� = the areas of the steel section, the concrete and the 

reinforcing steel respectively 
��,(���)�� ��� ��� = the yield strength of the steel section, the characteristic 

compressive strength (cylinder) of the concrete, and the yield 
strength of the reinforcing steel respectively. 

(���)�� = the characteristic compressive strength (cube) of the concrete 

�� = strength coefficient for concrete, which is 1.0 for concrete 
filled tubular sections, and 0.85 for fully or partially concrete 
encased steel sections. 

   

For ease of expression,  
��

��
,

��(���)��

��
 ��� 

���

��
 are presented as the design strengths of the 

respective materials such as ��,��� ��� ���. 



Non-dimensional slenderness 

The plastic resistance to compression of a composite cross-section Pp, represents the maximum 

load that can be applied to a short column. For slender columns with low elastic critical load, 

overall buckling may be critical.  Practical columns strength are different from ideal columns due 

to residual stresses and geometric imperfections.  

The European buckling curves illustrated in Figure 9 have been drawn after incorporating the 

effects of both residual stresses and geometric imperfections. They form the basis of column 

buckling design for both steel and composite columns in EC3 and EC4. For using the European 

buckling curves, the non-dimensional slenderness of the column should be first evaluated as 

follows: 

�̅ = �
���

���
 

where, 
��� = plastic resistance of the cross-section to compression with �� = �� = �� = 1.0 

��� = the elastic buckling load of the column 

 

Figure 9: European Buckling Curves 

where, 
Curve a = for concrete filled tubular sections 

Curve b = for fully or partially concrete encased I-sections buckling about the strong 

axis of the steel sections (x-x axis) 

Curve c = for fully and partially concrete encased I-sections buckling about the weak 
axis of the steel sections (y-y axis) 

Note: These curves can also be described mathematically as presented later. 

Once the �̅ value of a composite column is established, the buckling resistance to compression 

of the column may be evaluated using � 

 



Local buckling of steel sections 

The expression for plastic resistance to compression of a composite cross-section Pp is valid 

provided that local buckling in the steel sections does not occur. To prevent premature local 

buckling, the width to thickness ratio of the steel sections in compression must satisfy the 

following limits: 

�

�
≤ 85 ∈� for concrete filled circular tubular sections 

ℎ

�
≤ 50 ∈ for concrete filled rectangular tubular sections 

�

��
≤ 43 ∈ for partially encased I sections 

∈= �
250

��
 f� is the yield strength of the steel section in N/mm2(MPa) 

 

For fully encased steel sections, no verification for local buckling is necessary as the concrete 

surrounding effectively prevents local buckling. However, the concrete cover to the flange of a 

fully encased steel section should not be less than 40 mm, nor less than one-sixth of the breadth, 

b, of the flange for it to be effective in preventing local buckling. 

Local buckling may be critical in some concrete filled rectangular tubular sections with large h/t 

ratios. Designs using sections, which exceed the local buckling limits for semi-compact sections, 

should be verified by tests. 

Effective elastic flexural stiffness 

Composite columns may fail in buckling and one important parameter for the buckling design of 

composite columns is its elastic critical buckling load (Euler Load), ���, which is defined as 

follows: 

��� =
��(��)�

��
 

where,   
 (��)�  = is the effective elastic flexural stiffness of the composite column 

 � = is the effective length of the column, which may be conservatively 
taken as system length L for an isolated non-sway composite column 

 

However, the value of the flexural stiffness may decrease with time due to creep and shrinkage 

of concrete. Two design rules for the evaluation of the effective elastic flexural stiffness of 

composite columns are given below. 

  



A. Short term loading 

The effective elastic flexural stiffness, (��)�, is obtained by adding up the flexural stiffness of the 

individual components of the cross-section: 

(��)� = ���� + 0.8����� + ���� 

where,   
��,�� ��� �� = are the second moments of area of the steel section, the concrete 

(assumed uncracked) and the reinforcement about the axis of bending 
considered respectively 

�� ��� �� = are the moduli of elasticity of the steel section and the reinforcement 

0.8 ��� �� = is the effective stiffness of the concrete; the factor 0.8 is an empirical 
multiplier (determined by a calibration exercise to give good 
agreement with test results). Note �� is the moment of inertia about 
the centroid of the uncracked column section 

��� = ���/��
∗ 

��� = is the secant modulus of the concrete 

��
∗ = is reduced to 1.35 for the determination of the effective stiffness of 

concrete according to Eurocode 2 
Note: Dividing the Modulus of Elasticity by ��

∗ is unusual and is included here to obtain the 

effective stiffness, which conforms to test data. 

B. Long term loading 

For slender columns under long-term loading, the creep and shrinkage of concrete will cause a 

reduction in the effective elastic flexural stiffness of the composite column, thereby reducing the 

buckling resistance. However, this effect is significant only for slender columns. As a simple rule, 

the effect of long term loading should be considered if the buckling length to depth ratio of a 

composite column exceeds 15. 

If the eccentricity of loading (defined as e = M/P where M is the maximum applied design 

moment and P is the applied design load) is more than twice the cross-section dimension, the 

effect on the bending moment distribution caused by increased deflections due to creep and 

shrinkage of concrete will be very small. Consequently, it may be neglected and no provision for 

long-term loading is necessary. Moreover, no provision is also necessary if the non-dimensional 

slenderness, �̅  of the composite column is less than the limiting values given in Table 8. 

Table 8: Limiting values of ��  for long term loading 

 Braced Non-sway systems Unbraced and/or sway systems 

Concrete encased 
cross sections 

0.8 0.5 

Concrete filled 
cross sections 

0.8

1 − �
 

0.5

1 − �
 

 

Note: � is the steel contribution ratio defined as � =
����

��
 



However, when � �exceeds the limits given in Table 8 and e/d is less than 2, the effect of creep 

and shrinkage of concrete should be allowed for by employing the modulus of elasticity of the 

concrete ��� instead of ���  which is defined as follows: 

 ��� = ���  �1 −
0.5 ��

�
� 

where,   
 � = is the applied design load 

 �� = is the part of the applied design load permanently acting on the column 

The effect of long-term loading may be ignored for concrete filled tubular sections with 

� � ≤ 2.0 provided that � is greater than 0.6 for braced (or non-sway) columns, and 0.75 for 

unbraced (and/or sway) columns. 

Resistance of members to axial compression 

For each of the principal axes of the column, the designer should check that  

� ≤ � �� 

where,   
 �� = is the plastic resistance to compression of the cross-section 

 � = is the reduction factor due to column buckling and is a function of the 
non-dimensional slenderness of the composite column 

 

The European buckling curves illustrated in Fig. 9 are used to obtain � for composite columns. These 

curves can also be described mathematically as follows: 

� =
1

∅ + �∅� − �̅�
 ��� � ≤ 1.0 

∅ = 0.5�1 + ��� � − 0.2� + �̅�� 

The factor � allows for different levels of imperfections and residual stresses in the columns 

corresponding to curves a, b, and c. Table 9 gives the value of � for each buckling curve. Note 

that the second order moment due to imperfection, has been incorporated in the method by 

using multiple buckling curves; no additional considerations are necessary. 

Table 9: Imperfection factor � for the buckling curves 

European buckling curve a b c 

Imperfection factor � 0.21 0.34 0.49 

 

The isolated non-sway composite columns need not be checked for buckling, if anyone of the 

following conditions is satisfied: 

 The axial force in the column is less than 0.1 ��� where ��� is the elastic buckling load of 

the column 

 The non-dimensional slenderness � � ≤ 2.0 



Design Steps for columns with axial load 

1. List the composite column specifications and the design value of forces and moments. 

 

2. List material properties such as  ��, ���,(���)��,��, ��,�� 

 

3. List sectional properties  ��,��, ��, ��, ��, �� 

 

4. Design checks 

 

A. Evaluate plastic resistance, �� of the cross-section from the equation 

�� =
����

��
+

����(���)��

��
+

�����

��
 �ℎ��� (���)�� =  0.8(���)�� 

B. Evaluate effective flexural stiffness, (��)�� and (��)��, of the cross- section for short 

term loading from equations, 

(��)�� = ����� + 0.8������ + ����� 

(��)�� = ����� + 0.8������ + ����� 

C. Evaluate non-dimensional slenderness, �̅� and �̅� from equation, 

�̅� = �
���

(���)�
 ��� �̅� = �

���

(���)�
 

where  

��� = ���� + ����(���)�� + �����   (�� = �� = �� = 1) 

(���)� =
��(��)��

��
 ��� (���)� =

��(��)��

��
 

D. Check the resistance of the section under axial compression about both the axes.  Design 

against axial compression is satisfied if following conditions are satisfied: 

� ≤ �� �� ��� � ≤ �� �� 

where   

�� =
1

∅� + �∅�
� − �̅�

�

 ��� �� ≤ 1.0 

and 

�� =
1

∅� + �∅�
� − �̅�

�
 ��� �� ≤ 1.0 

  

∅� = 0.5 �1 + ���� �
� − 0.2� + � �

�
�

� ∅� = 0.5 �1 + ���� �
� − 0.2� + � �

�
�

� 

 

Note: The subscript x, y denote the x-x and y-y axes of the section respectively. x-x denotes the 

major axes whilst y-y denotes the minor principal axes. 

 



Concrete filled circular tubular sections: Special Provisions 

The method described above is valid for rectangular and square tubular sections. For composite 

columns using circular tubular sections, there is an increased resistance of concrete due to the 

confining effect of the circular tubular section. However, this effect on the resistance 

enhancement of concrete is significant only in stocky columns. For composite columns with a 

non-dimensional slenderness of � � ≤ 0.5 or where the eccentricity, e of the applied load does 

not exceed the value d/10, (where d is the outer dimension of the circular tubular section) this 

effect has to be considered. 

The plastic compression resistance of concrete filled circular tubular sections is calculated by 

using two coefficients �� and �� as given below. 

�� = ������ + ����� �1 + ��  
�

�
 

��

���
� + �����  

where,   
 � = is the thickness of the circular tubular section 

 �� = 
��� �1 −

10 �

�
� 

 �� = 
��� + (1 − ���)

10 �

�
 

In general, the resistance of a concrete filled circular tubular section to compression may 

increase by 15% under axial load only when the effect of tri-axial confinement is considered. 

Linear interpolation is permitted for various load eccentricities of e d d/10. The basic values ��� 

and ��� depend on the non-dimensional slenderness � ���, which can be read off from Table 5. 

Table 10: Basic value of  ��� and  ���  

  � ��� = 0.0  � ��� = 0.1  � ��� = 0.2  � ��� = 0.3  � ��� = 0.4  � ��� ≥ 0.5 

��� 4.90 3.22 1.88 0.88 0.22 0.00 

��� 0.75 0.80 0.85 0.90 0.95 1.00 

Note: to allow for the effect of tri-axial confinement in concrete filled circular tubular 
sections, as provided in EC4 applicable for concrete grades (���)�� = 25 to 55 MPa 

 

If the eccentricity e exceeds the value d/10, or if the non-dimensional slenderness exceeds the 

value 0.5 then  �� = 0 ��� �� = 1.0 

Note: Properties of Concrete 

Grade Designation M25 M30 M35 M40 

(���)�� (MPa) 25 30 35 40 

(���)�� (MPa) 20 25 28 32 

���� (MPa) 2.2 2.6 2.8 3.3 

��� = 5700 �(���)�� (MPa) 28500 31220 33720 36050 

For lightweight concrete, the ��� values are obtained by multiplying the values by 

�/2400, where � is the unit mass (kg/m3). 



COMPOSITE COLUMNS – COMBINED COMPRESSION AND BENDING 

To design a composite column under combined compression and bending, it is first isolated from 

the framework, and the end moments which result from the analysis of the system as a whole 

are taken to act on the column under consideration. Internal moments and forces within the 

column length are determined from the structural consideration of end moments, axial and 

transverse loads. For each axis of symmetry, the buckling resistance to compression is first 

checked with the relevant non-dimensional slenderness of the composite column. Thereafter 

the moment resistance of the composite cross-section is checked in the presence of applied 

moment about each axis, e.g. x-x and y-y axis, with the relevant non-dimensional slenderness 

values of the composite column. For slender columns, both the effects of long term loading and 

the second order effects are included. 

 

COMBINED COMPRESSION AND UNI-AXIAL BENDING 

The design method described here is an extension of the simplified design method for the design 

of steel-concrete composite columns under axial load.  The resistance of the composite column 

to combined compression and bending is determined using an interaction curve.  Figure 10-a 

represents a typical non-dimensional interaction curve for compression and uni-axial bending 

for a composite cross-section.  Figure 10-b shows an interaction curve drawn using simplified 

design method.  This neglects the increase in moment capacity beyond MP, (under relatively low 

axial compressive loads).  Figure 11 shows the stress distributions in the cross-section of a 

concrete filled rectangular tubular section at each point, A, B and C of the interaction curve given 

in Figure 10-b. 

 
 

a) Typical non-dimensional curve b) Using the simplified method 

Figure 10: Interaction curve for compression and uni-axial bending 

 



 
Figure 11: Stress distributions for the points of the interaction curve 

for concrete filled rectangular tubular sections 

It is important to note that: 

 Point A marks the plastic resistance of the cross-section to compression (at this point the 

bending moment is zero). 

�� = �� =
����

��
+

����(���)��

��
+

�����

��
 

 Point B corresponds to the plastic moment resistance of the cross-section (the axial 

compression is zero). 

�� = 0 ��� �� = �� = �� ���� − ����� +  ��� ���� − ����� + ��� ���� − ����� 

where,   
���,��� ��� ��� = are plastic section moduli of the reinforcement, steel section, 

and concrete about their own centroids respectively 

����,���� ��� ���� = are plastic section moduli of the reinforcement, steel section, 
and concrete about neutral axis respectively 

 At point C, the compressive and the moment resistances of the column are given as follows 

�� = �� = ��  ���  ��� �� = �� 



Position of Neutral Axis 

A. For concrete encased steel sections: 

Major axis bending 

 

a) Neutral axis in the web: ℎ� ≤ �ℎ 2⁄ − ��� 

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) 

2  �� ��� + 2 �� � 2 �� − ��� �
 

b) Neutral axis in the flange: �ℎ 2⁄ − ��� ≤ ℎ� ≤ ℎ 2⁄  

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) + (� −  �� )�ℎ − 2 �� �� 2 �� − ��� �

2  �� ��� + 2 � � 2 �� − ��� �
 

c) Neutral axis outside the steel section: ℎ 2⁄ ≤ ℎ� ≤ ℎ� 2⁄  

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) + �� � 2 �� − ��� �

2  �� ��� 
 

Minor axis bending 

 

a) Neutral axis in the web: ℎ� ≤ (�� 2⁄ ) 

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) 

2  ℎ� ��� + 2 ℎ � 2 �� − ��� �
 

b) Neutral axis in the flange: (�� 2⁄ ) ≤ ℎ� ≤ � 2⁄   

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) +  �� �ℎ − 2 �� �� 2 �� − ��� �

2  ℎ� ��� + 4 ��  � 2 �� − ��� �
 

c) Neutral axis outside the steel section: � 2⁄ ≤ ℎ� ≤ �� 2⁄   

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) + �� � 2 �� − ��� �

2  ℎ� ��� 
 

Note: ��
�  is the sum of the reinforcement area within the region of 2ℎ� 



B. For concrete filled tubular sections 

Major axis bending 

 

ℎ� =
��  ��� − ��

� ( 2 ��� − ��� ) 

2  �� ��� + 4 � � 2 �� − ��� �
 

Note: 

 For circular tubular section substitute  �� = � 

 For minor axis bending the same equations can be used by interchanging h and b as 

well as the subscripts x and y 

Analysis of Bending Moments due to Second Order Effects 

Under the action of a design axial load, �, on a column with an initial imperfection,  �� , as shown 

in Figure 12, there will be a maximum internal moment of � �� . It is important to note that this 

second order moment, or ‘imperfection moment’, does not need to be considered separately, 

as its effect on the buckling resistance of the composite column is already accounted for in the 

European buckling curves. 

However, in addition to axial forces, a composite column may be also subject to end moments 

as a consequence of transverse loads acting on it, or because the composite column is a part of 

a frame. The moments and the displacements obtained initially are referred to as ‘first order’ 

values. For slender columns, the ‘first order’ displacements may be significant and additional or 

‘second order’ bending moments may be induced under the actions of applied loads. As a simple 

rule, the second order effects should be considered if the buckling length to depth ratio of a 

composite column exceeds 15. 

 

Figure 12: Initially imperfect column under axial compression 

The second order effects on bending moments for isolated non-sway columns should be 

considered if both of the following conditions are satisfied: 

�

���
> 0.1 ��� � � > 0.2 

 



In case the above two conditions are met, the second order effects may be allowed for by 

modifying the maximum first order bending moment (moment obtained initially), Mmax, with a 

correction factor k, which is defined as follows: 

� =
1

1 −
�

���

≥ 1.0 

Resistance of Members under Combined Compression and Uni-axial Bending 

The graphical representation of the 
principle for checking the composite 
cross-section under combined 
compression and uni-axial bending is 
illustrated in Figure 13.  The design 
checks are carried out in the following 
stages: 

The resistance of the composite column 
under axial load is determined in the 
absence of bending, which is given 
by � ��. The procedure is explained in 

detail earlier. 

 

Figure 13: Interaction curve for compression and 
uni-axial bending using the simplified method 

The moment resistance of the composite column is then checked with the relevant non-

dimensional slenderness, in the plane of the applied moment. As mentioned before, the initial 

imperfections of columns have been incorporated and no additional consideration of 

geometrical imperfections is necessary. 

The design is adequate when the following condition is satisfied: 

� ≤ 0.9 � �� 

where, µ is the moment resistance ratio obtained from the interaction curve or may be evaluated. 

� = 
(� − ��)

(1 − ��)�
 �ℎ��  �� ≥ �� 

 = 1 −
(1 − �)��

(1 − ��)�
 �ℎ��  �� < �� 

where,   
 �� = axial resistance ratio due to the concrete,  

��

��
 

 �� = design axial resistance ratio,  
�

��
 

 � = reduction factor due to column buckling 

The expression is obtained from geometry consideration of the simplified interaction curve 

illustrated in Figure 13. 



COMBINED COMPRESSION AND BI-AXIAL BENDING 

For the design of a composite column under combined compression and bi-axial bending, the 

axial resistance of the column in the presence of bending moment for each axis has to be 

evaluated separately. Thereafter the moment resistance of the composite column is checked in 

the presence of applied moment about each axis, with the relevant non-dimensional slenderness 

of the composite column. Imperfections have to be considered only for that axis along which the 

failure is more likely. If it is not evident which plane is more critical, checks should be made for 

both the axes. 

The moment resistance ratios  ��  and �� for both the axes are evaluated as given below: 

�� = 
(�� − ��)

(1 − ��)��
 �ℎ��  �� ≥ �� 

 = 1 −
(1 − ��)��

(1 − ��)��
 �ℎ��  �� < �� 

�� = ��� − ���

(1 − ��)��
 

�ℎ��  �� ≥ �� 

 = 
1 −

�1 − �����

(1 − ��)��
 

�ℎ��  �� < �� 

where,  �� ��� �� are the reduction factors for buckling in the x & y directions respectively 

 

 �ℎ��, �� ≤ 0.9 �� ���  ���  �� ≤ 0.9 �� ��� 

In addition to these two conditions, the 
interaction of the moments must also be 
checked using moment interaction curve 
as shown in Figure 14.  The linear 
interaction curve is cut off at 0.9 ��  
and 0.9 ��  . The design moments, 

�� ��� �� related to the respective 

plastic moment resistances must lie 
within the moment interaction curve. 
 

��

 �� ���
+

��

 �� ���
≤ 1.0 

 
Figure 14: Moment interaction curve for bi-axial 
bending 

Note: When the effect of geometric imperfections is not considered the moment resistance ratio 

is evaluated as given below: 

� = 
(� − ��)

(1 − ��)
 �ℎ��  �� > �� 

 = 1 �ℎ��  �� < �� 

 



 

 



 

 



 

 



 



 

 


