
Find the load-bearing capacity as per Eurocode of a column loaded axially with the cross-section, as a complex section 
made of two C300 sections and two cover plates as shown below. The column is 6,00m high with pivots at the ends.
Steel grade S355, strength fyd=355Mpa, E= 210Gpa.

120

10x240

Dimensions in mm.

Solution:
The load bearing capacity of a column as per Eurocode is determined on the basis of slenderness, 𝛌

⎯⎯
 (𝑃𝑟𝑜𝑛𝑜𝑢𝑛𝑐𝑒𝑑 𝑎𝑠 𝑙𝑎𝑚𝑑𝑎 𝑏𝑎𝑟)

If   𝛌 
⎯⎯⎯

≤ 0.2 the column's bearing capacity is such so that the column is safe against crushing/compression. (Reference:Eurcode-3: 
EN 1993-1-1: Section 6.3.1.2 (4))

If   𝛌 
⎯⎯

 > 0.2  the bearing capacity of column is such so that the column is safe againest 𝐁𝐮𝐜𝐤𝐥𝐢𝐧𝐠.

First we need to find the value of 𝜆 ഥ , to check if its value is > 2 or ≤ 2:

λ ഥ = ට
஺.௙೤

ே೎ೝ
⎯⎯⎯
⎯⎯⎯

 
  for Class 1,2, and 3 cross-sections  (Reference: Eurocode-3: EN 1993-1-1: Section 6.3.1.2 (1))

𝜆 ഥ = ට
஺೐೑೑.௙೤

ே೎ೝ
⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯

 
  for Class 4 cross-sections (Reference: Eurocode-3: EN 1993-1-1: Section 6.3.1.2 (1))

We don't know the  Class of our cross-section, so let's find it first: 

The class of a cross-section as per Eurocode is found using the Table 5.2 (sheet 1, sheet 2 and sheet 3) on 
Eurocode-3 EN 1993-1-1.

According to this we have to find slenderness ratio( which is effective length/thickness) of each part. 
Eurocode denotes this length as c and thickness as t. After finding c/t ratio of all parts compare it to 
As a complex section, like in this problem, is made of multiple parts I denoted length of each as c1 , c2 etc., 
and thickness as t1, t2, etc. of each part respectively.
Eurocode divides  cross section elements as "Internal compression parts" and "Outstanding flanges". Weird 
right? Yes! Eurocode have its own world. But how will we understand which part is what? Simple rule: if 
some element is supported at only one end, its "outstanding flange". If a part is closed/fixed on both sides, 
it's "compression part".
And most importantly since our problem Is a column in compression, so we have to focus on c/t values in 
Eurocode table 5.2, "part subject to compression" column only.
In Eurocode, sheet 1 of 3, the c/t ratio of "Part subjected to Internal compression" only are provided and in 
sheet 2 of 3, c/t ratio of "Outstanding flanges" only are provided.
Also we have to find the value of ε (pronounced as epsilon).

ε = ඨ
235

𝑓௬
⎯⎯⎯

⎯⎯⎯
 

  where f୷ = yield strength of material in Mpa.

In this problem, Steel grade is S355 which means fy is 355Mpa

=> ε = ට
ଶଷହ

ଷହହ
⎯⎯⎯
⎯⎯⎯

 
 ≈ 0.814

Once we find c/t ratio of all parts, we  check if its less than or equal to 33ε for "Internal Compression parts" 
and if true then class is 1. similarly for "Outstanding part" if its less than or equal to 9ε, if true, this part is 
class 1 too (As shown in Table 5.2 sheets). This way we find class of all parts of our cross-section. And the 
class of whole cross-section is the highest class among classes of all parts.
Example: if we find part-1 is class 2 and part-2 is class 1, then class of whole cross-section is class-2.

Now let's actually find class of each part of cross-section, in our problem:

Problem Solution of finding the load bearing capacity of a 
Column as per Eurocode-3 cross-section C300

   Eurocode Tutoring by Civil Thinking Page 1    



120

10x240

Dimensions in mm.

Shape-1: Rectangular cover plate (10x240) is "Internal compression part as per Eurocode because it's 
fixed on both sides by channel C sections (As shown in diagram on right):
Because it's "Internal Compression part" we have to see if its c/t value is less than or equal to 33ε 
as mentioned in sheet 1 of 3 of table  5.2 above.

C1/t1= 120mm/10mm= 12
We already found ε =0.814 => 33ε =33*0.814=26.862 
As 12 <26.862 => part 1 is Class-1.

Shape-2: C300 channel section: We have two channels with same conditions so we will find Class of only 
one, then class of other one is the same.
Then channel have two parts the web which is "internal compression part" as per the Eurocode because 
both sides are fixed(on top and bottom flanges), lets name it 2a.
The other part of C300 channel section is the flange, which is called "Outstanding flange" as per 
Eurocode because its fixed to the web on one end and the other end is free, we will call it 2b.
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Shape-2: C300 channel section: We have two channels with same conditions so we will find Class of only 
one, then class of other one is the same.
Then channel have two parts the web which is "internal compression part" as per the Eurocode because 
both sides are fixed(on top and bottom flanges), lets name it 2a.
The other part of C300 channel section is the flange, which is called "Outstanding flange" as per 
Eurocode because its fixed to the web on one end and the other end is free, we will call it 2b.

Class of 2a:
𝐶ଶ௔

𝑡ଶ௔
⎯⎯⎯ =

300𝑚𝑚 − 2𝑡௙ − 2𝑟ଵ

𝑡௪
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

Why is C2a= 300mm-2tF-2r1?
Because c is the "straight" length of a member without any radial part.
If you look at the C section to the right, you will know the total depth off C section is 300mm 
because by definition of Eurocode, C300 means channel section of total depth (or total length of 
web) is 300mm. So C300 means h=300mm. Because tf in both top and bottom flange is included in 
total depth, h, we have to subtract 2*tf from h, then we have to again subtract r1 two times 
because radial part is on both top and bottom, eventually we will get c2a which is pure straight.

``

𝐶ଶ௔

𝑡ଶ௔
⎯⎯⎯ =

300𝑚𝑚 − 2𝑡௙ − 2𝑟ଵ

𝑡௪
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

tf= thickness of flange of C300 channel section. If you look up in any standard table, tf for C300 is 
16mm ( I have attached a table for your reference below)
r1= Internal radius of C300 channel section, which is again, from standard tables, = 16mm
tw= Thickness of web of C300 = 10mm, from standard tables(below).

⇒
𝐶ଶ௔

𝑡ଶ௔
⎯⎯⎯ =

300𝑚𝑚 − 2.16 − 2.16

10
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 23.6

We already found 33ε =33*0.814=26.862 
Since 23.6<26.862 => Class 1 (see Table 5.2 Sheet 1 of 3, attached above).

Class of 2b:
As I said earlier, 2b is "outstanding flange" as per Eurocode, so we have to check its c/t value according 
to sheet 2 of 3 of Table 5.2(above).
𝑐ଶ௕

𝑡௙
⎯⎯⎯=

𝑏௙

𝑡௙
⎯⎯ =

100𝑚𝑚

16𝑚𝑚
⎯⎯⎯⎯⎯⎯⎯= 6.25

We have to use 
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Class of 2b:
As I said earlier, 2b is "outstanding flange" as per Eurocode, so we have to check its c/t value according 
to sheet 2 of 3 of Table 5.2(above).
𝑐ଶ௕

𝑡௙
⎯⎯⎯=

𝑏௙

𝑡௙
⎯⎯ =

100𝑚𝑚

16𝑚𝑚
⎯⎯⎯⎯⎯⎯⎯= 6.25

We have to use 

9ε as per sheet 2 of 3 of Table 5.2 because its the first condition. If it fails we will move down to 10ε 
(see sheet 2 of 3, above).
We already found ε =0.814 => 9ε = 9 ∗ 0.814 = 7.326
6.25 < 7.326 => Class 1

Now all of our parts: 1, 2a, 2b are Class 1 which means:
Our Cross-section is Class 1.

Since we know the Eurocode Classification of our cross-section is class 1 we can use:

λ ഥ = ට
஺.௙೤

ே೎ೝ
⎯⎯⎯
⎯⎯⎯

 
  for Class 1,2, and 3 cross-sections  (Reference: Eurocode-3: EN 1993-1-1: Section 6.3.1.2 (1))

Ncr is the Critical load from Euler's Formula in Buckling:

𝑁௖௥ =
πଶ𝐸 𝐼௠௜௡

𝐿௘௙௙
ଶ⎯⎯⎯⎯⎯⎯⎯⎯

Imin= minimum moment of Inertia of our cross-section.
i.e. Imin= min(Ix,Iy)

120

10x240

Dimensions in mm.

Let's name each shape as 1, 2, 3 and 4. The two C sections shapes  as 1 and 2, and the two cover plates as 3 
and 4.

Moment of Inertia of a complex section, like this one, is the sum of moment of inertias of each shape.
i.e. Moment of Inertia of whole section about x axis= sum of moment of inertia of each shape about x axis.

Please be careful here. It's not as simple as this sounds. We can only add or subtract moment of inertias of 
different shapes if all of them are about the same axis(x and y axis). The moment of Inertia provided in tables 
for different basic shapes is moment of inertia about the axes passing through their own center of gravities. 
As you can see on the left side, the X and Y axes shown pass through the center of gravity (centroid) of the 
whole complex section. So we must first find moment of inertia of each shape (1,2,3, and 4) about these X and 
Y axis, and then add them to find Moment of Inertia of the whole complex section.
The first step in finding moment of inertia of simple shapes or complex shapes is always to locate the center 
of gravity (centroid) of the given shape. The given cross-section, as you can see on left, is Symmetric about 
both X and Y axes. Therefore the center of Gravity, G (some books denote it by C or O, but it doesn't matter). 

120

10x240

Dimensions in mm.

Ix= I1x+I2x+I3x+I4x

I1x= moment of Inertia of shape 1 (left C section) about X 
axis.
As we can see in table 6, shown below, this X axis (I 
mean the X axis of the whole section as you can see, in 
green color), coincide with X axis in the table 6 (which is 
x axis of C section passing through its own G), as shown 
below. Which means I1x is same as Ix from table of this 
C300 cross-section.

Table 6:
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120

10x240

Dimensions in mm.

Ix= I1x+I2x+I3x+I4x

I1x= 8030 𝑐𝑚ସ(𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 6 𝑎𝑏𝑜𝑣𝑒) = 8030. (10𝑚𝑚)ସ =
8030. 10ସ𝑚𝑚ସ  (∵1𝑐𝑚 = 10𝑚𝑚)

I2x= 𝑠𝑎𝑚𝑒 𝑎𝑠 𝐼ଵ௫ = 8030. 10ସ𝑚𝑚ସ

120

10x240 I3x is moment of Inertia of cover plate (rectangular shape 3) 
about green color X axis. But we only know moment of inertia 
of a rectangle about the axes passing through its own center of 
gravity, but our green X is not passing through center of gravity 
of the shape 3 rectangle, as you can see on the left! So what do 
we do..?
We will use the Theorem of Parallel axis, which says moment of 
inertia of a shape about an axis which does not pass through its 
center of gravity= moment of inertia about axis passing through 
its center of gravity plus (its Area multiplied by the square of 
the distance between the two axis). i.e.  Square of normal 
distance between the axis passing through its G and another 
axis about which we want to find moment of inertia).

Table 6:
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120 the distance between the two axis). i.e.  Square of normal 
distance between the axis passing through its G and another 
axis about which we want to find moment of inertia).

𝐼ଷ௫ = 𝐼ଷ௫ᇱ
  + (𝐴 ∗ 𝑑ଶ)

𝐼ଷ௫ᇱ
 

= 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠ℎ𝑎𝑝𝑒 3 𝑎𝑏𝑜𝑢𝑡 𝑥ᇱ𝑎𝑥𝑖𝑠
passing through its own G.

𝐼ଷ௫ᇱ
  =

௕௛య

ଵଶ
⎯⎯⎯=

ଶସ଴∗ଵ଴య

ଵଶ
⎯⎯⎯⎯⎯⎯= 20,000𝑚𝑚ସ

d= normal(perpendicular) distance between X' and X. If you 
look carefully at the diagram on left, we can find d as 300/2+ 
10/2 = 155 mm
A= Area of shape 3 rectangle= 240*10=2,400 𝑚𝑚ଶ

⇒ 𝐼ଷ௫ = 20,000 + (2400 ∗ 155ଶ) = 57,680,000 𝑚𝑚ସ

(Why did I wrote unit of 𝐼ଵ௫𝑎𝑠 𝑚𝑚ସ?

look at 
bℎଷ

12
⎯⎯⎯ formula, b is mm, h is 𝑚𝑚ସtherefore total is 

𝑚𝑚 ∗ 𝑚𝑚ଷ = 𝑚𝑚ସ

Unit of Moment of Inertia is always 𝑙𝑒𝑛𝑔𝑡ℎସ 
Since the cross-section is symmetric, Moment of inertia of 
shape 4 rectangular cover plate, 𝐼ସ௫ is same as  𝐼ଷ௫

⇒ 𝐼ସ௫ =  57,680,000 𝑚𝑚ସ

Finally we will be able to find Ix of our complex section:

Ix= I1x+I2x+I3x+I4x

=8030. 10ସ + 8030. 10ସ + 57,680,000 + 57,680,000 =
275960000𝑚𝑚ସ

𝐼௫ = 275960.10ସ𝑚𝑚ସ

Now let's find 𝐼௬ of our complex section:

𝐼௬ = 𝐼ଵ௬ + 𝐼ଶ௬ + 𝐼ଷ௬ + 𝐼ସ௬

(Figure-8: Table Diagram)

𝐼ଵ௬ = 𝑀𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝐼𝑛𝑒𝑟𝑡𝑖𝑎 𝑜𝑓 𝑠ℎ𝑎𝑝𝑒 1 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 300 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

About global Y axis of our complex shape( green Y axis).
As you can see, from the diagram in the table 6, shown above (also shown 
on left- Figure 8), Y axis of c section is different than our global green Y axis.

𝐼ଵ௬ᇱ
  = 495 𝑐𝑚ସ(𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒 6 𝑎𝑏𝑜𝑣𝑒) = 495(10𝑚𝑚)ସ = 495.10ସ𝑚𝑚ସ

We can also see "e" (eccentricity) is the distance between y' and extreme 
web side.
e= 2.70cm (From Table 6 above)= 27mm
A=58.8𝑐𝑚ଶ(From Table 6 above) = 58.8(10𝑚𝑚)ଶ = 58,8.10ଶ𝑚𝑚ଶ =
5880𝑚𝑚ଶ
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120

10x240

Dimensions in mm.

𝐼ଵ௬ = 𝐼ଵ௬ᇱ + (𝐴. 𝑑ଶ)

d= distance between y' axis and global (green) Y axis.
If you look carefully on diagram to the left, you will 
understand, d= 𝑒 +

ଵଶ଴

ଶ
⎯⎯⎯= 27 + 60 = 87𝑚𝑚

Plugging the values in 𝐼ଵ௬ , we get:
𝐼ଵ௬ = 495.10ସ + (5880.87ଶ) = 49455720𝑚𝑚ସ

Because the cross-section is symmetric:
⇒ 𝐼ଶ௬ = 𝐼ଵ௬ = 49455720𝑚𝑚ସ 

Since we found both Ix and Iy let's now find Imin:
Imin= min(Ix, Iy)

𝐼௫ = 275960.10ସ𝑚𝑚ସ, 𝐼௬ = 12195.10ସ𝑚𝑚ସ

⇒ I୫୧୬ = I୷ = 12195.10ସmmସ

120

10x240

Dimensions in mm.

𝐼ଷ௬ = 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑜𝑓 𝑠ℎ𝑎𝑝𝑒 3 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑎𝑏𝑜𝑢𝑡 𝑔𝑙𝑜𝑏𝑎𝑙 𝑔𝑟𝑒𝑒𝑛 𝑌 𝑎𝑥𝑖𝑠.

But the Y axis of shape 3 rectangle coincide with our global Y axis

⇒ 𝐼ଷ௬ =
ℎ𝑏ଷ

12
⎯⎯⎯ =

10 ∗ 240ଷ

12
⎯⎯⎯⎯⎯⎯⎯⎯⎯= 11,520,000𝑚𝑚ସ

Since our cross-section is symmetric:
⇒ 𝐼ସ௬ = 𝐼ଷ௬ =  11,520,000𝑚𝑚ସ

Now, let's find I୷   of whole cross-section:

I୷ = Iଵ୷ + Iଶ୷ + Iଷ୷ + Iସ୷

=  49455720mmସ + 49455720mmସ + 11,520,000mmସ +
11,520,000mmସ

= 121951440𝑚𝑚ସ = 12195.10ସ𝑚𝑚ସ

We found Imin, now we can find critical load, Ncr from Euler's Equation of Buckling:

𝑁௖௥ =
πଶ𝐸 𝐼௠௜௡

𝐿௘௙௙
ଶ⎯⎯⎯⎯⎯⎯⎯⎯

E= Modulus of Elasticity of material. Since the material in this problem is S355, from any table, we 
can find E= 210 Gpa= 210.10ଷ𝑀𝑝𝑎 
𝜋 = 3.14
𝐿௘௙௙

ଶ = 𝑠𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑜𝑢𝑟 𝑐𝑜𝑙𝑢𝑚𝑛 = 𝑘𝐿

k= coefficient  that depends on end support conditions of columns.
Below is a figure showing different values of k depending on different support conditions.
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In our problem, both sides are pivoted(pinned), means we are in case 
(a) in above diagram. => k=1 => Leff= k.L= L= 6m= 6000mm (provided in 
our problem).

⇒ 𝑁௖௥ =
πଶ𝐸 𝐼௠௜௡

𝐿௘௙௙
ଶ⎯⎯⎯⎯⎯⎯⎯⎯=  

πଶ ∗ 210.10ଷ𝑀𝑝𝑎 ∗ 12195.10ସmmସ

6000𝑚𝑚 
ଶ

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

= 7021000𝑁 

λ ഥ = ට
஺.௙೤

ே೎ೝ
⎯⎯⎯
⎯⎯⎯

 
  for Class 1,2, and 3 cross-sections  (Eurocode-3)

A= Total Area of whole cross-section= sum of areas of each shape (we already found 
earlier)
=> A= 5880𝑚𝑚ଶ + 5880𝑚𝑚ଶ +2,400 𝑚𝑚ଶ +2,400 𝑚𝑚ଶ = 16560𝑚𝑚ଶ

𝑓௬ = 355Mpa

⇒ λ ഥ = ට
ଵ଺ହ଺଴௠௠మ.ଷହହெ௉௔

଻଴ଶଵ଴଴଴ே 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
  =0.9

Since λ ഥ is >0.2 means we have to find the bearing capacity so that the column is safe 
against buckling, as mentioned earlier (Eurcode-3: EN 1993-1-1: Section 6.3.1.2 (4))

As per Eurocode, Bearing capacity of a column in Buckling is given as :

𝑁௕,ோௗ =
χ୅୤౯

γಾభ
⎯⎯⎯        (Reference: Eurocode-3 clause 6.3.1.1(3) )

γெଵ 𝑖𝑠 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 𝑖𝑛 𝐸𝑢𝑟𝑜𝑐𝑜𝑑𝑒 𝑎𝑛𝑑 𝑐𝑎𝑛 𝑏𝑒 𝑡𝑎𝑘𝑒𝑛 𝑎𝑠 1.

χ (pronoucned as chi)is an Eurocode factor found using buckling curve or 
below equations:

χ =
ଵ

φାටφమିఒഥమ
⎯⎯⎯⎯⎯ 

⎯⎯⎯⎯⎯⎯⎯⎯           (Reference: Eurocode-3 clause 6.3.1.2)

where 
φ = 0.5൫1 + α൫𝜆̅ − 0.2൯ + 𝜆̅ଶ൯    (Reference: Eurocode-3 clause 6.3.1.2)

α is called imperfection factor in Eurocode and is found using a 
Table in Eurocode shown below:
Eurocode-3: Table 6.1: Imperfection factors for buckling curves:
Buckling curve a0 a b c d

Imperfection factor, α 0.13 0.21 0.34 0.49 0.76

First of all, we have  to find what kind of Buckling curve(a0, a, b, c, or d ) is suitable for cross-section in 
our problem. We can find that from Eurocode, Table 6.2 as shown below:
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120

10x240

Dimensions in mm.

Our cross-section is box type
So we have to find the b/tf and h/tw

and the steel grade used is S355, so as per the Table 6.2 as shown below 

From diagram in left:
b=120+2*100= 320mm
tf= 26mm
=> b/tf= 320/26=12.3077 <30
h=300mm + (2*10mm)= 320mm
tw=  10mm
=> h/tw= 320/10=32≮30
As this condition is false so we are in general,
Therefore  our buckling curve is b
So as per Table 6.1, α = 0.34

φ = 0.5(1+0.34(0.9-0.2)+ 0.92 )=1.024 

χ =
1

1.024 + ඥ1.024ଶ − 0.9ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 0.66
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𝑁௕,ோௗ =
χAf୷

γெଵ

⎯⎯⎯⎯=
0.66 ∗ 16560𝑚𝑚ଶ ∗ 355𝑀𝑝𝑎

1
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 3880008𝑁

= 3880𝑘𝑁

Therefore the bearing capacity of the column in our problem, as per 
Eurocode is 3880kN
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