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Cross-sectional ductility and rotation capacity

According to Annex L, the Moment-Rotation curve of a double T aluminium 

alloy beam is evaluated through empirical relationships based on available 

experimental results and/or numerical simulation results. 

R0: stable part of rotation capacity 

R: total rotation capacity

*
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Cross-sectional ductility and rotation capacity

A simple supported beam with length of 5 m, having double T cross-

section and made of EN AW 6061-T6 aluminium alloy, is investigated

under an uniformly distributed load to assess its Moment-Rotation curve.

*



6 The second generation Eurocodes: key changes and benefits through design examples

Online workshop, 3-5 June 2025 

Cross-sectional ductility and rotation capacity

CLASSIFICATION OF THE CROSS-SECTION

- Web

For internal parts with a stress gradient that results in a neutral axis at the 

centre:

 = 0,40 x b/t = 0,40 x 170/8 = 8,5

𝜀 =
250

𝑓𝑜
=

250

240
= 1,02

 = 16 = 16 x 1,02 = 16,32  = 22 = 22 x 1,02 = 22,44  Class 1

*
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Cross-sectional ductility and rotation capacity

CLASSIFICATION OF THE CROSS-SECTION

- Web

The values of permissible b/t-ratios for class 1 cross section parts without 

welds should be obtained from Table 8.2 “Permissible values of b/t for 

cross-section part without welds”

c = 0,5

𝑏

𝑡
≤
16𝜀

𝛼𝑐
=
16 ∙ 1,02

0,5
= 32,6

𝑏

𝑡
=
170

8
= 21,25 < 32,6 Class 1

*
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Cross-sectional ductility and rotation capacity

CLASSIFICATION OF THE CROSS-SECTION

- Flange

For flat outstands with no stress gradient:

 = b/t = 48/12 = 4

𝜀 =
250

𝑓𝑜
=

250

240
= 1,02

 = 4,5 = 4,5 x 1,02 = 4,59  = 6 = 6 x 1,02 = 6,12  Class 1

*
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Cross-sectional ductility and rotation capacity

CLASSIFICATION OF THE CROSS-SECTION

- Flange

The values of permissible b/t-ratios for class 1 cross section parts without 

welds should be obtained from Table 8.2 “Permissible values of b/t for 

cross-section part without welds”

c = 1

𝑏

𝑡
≤ 4𝜀 = 4 ∙ 1,02 = 4,08

𝑏

𝑡
=
48

12
= 4 < 4,08 Class 1

*
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATION FOR ULTIMATE RESISTANCE

In case of a beam made of temper T6, the ratio between the ultimate 

moment resistance and the conventional elastic limit moment Mo can be 

calculated as a function of the non-dimensional geometrical parameters 

describing the cross-section and the shear length:

- Flange slenderness parameter

- Web restraining action (flange-to-web slenderness ratio)

𝜆𝑓 = 0,807 ⋅
140

12
.

240

70000
= 0,55

𝑎𝑠 =
140 ⋅ 8

2 ⋅ 230 ⋅ 12
= 0,203

*

*
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATION FOR ULTIMATE RESISTANCE

In case of a beam made of temper T6, the ratio between the ultimate moment 

resistance and the conventional elastic limit moment Mo can be calculated as a 

function of the non-dimensional geometrical parameters describing the cross-

section and the shear length:

- The non-dimensional shear length, Ls/b, i.e. the parameter accounting for the          

influence of the moment gradient, where:

• Ls is the distance between the point of zero moment and the critical section 

where the development of the plastic hinge is expected;

•  b is the flange width of the cross-sections. 
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATION FOR ULTIMATE RESISTANCE

In case of alloys whose stress-strain constitutive law is characterised by a 

value of the exponent n of the Ramberg-Osgood formula ranging from 8 to 55 

and for values of fo ranging from 110 MPa to 260 MPa, the following relation for 

calculating the ultimate resistance can be used: 

Iy: inertia moment evaluated 

with reference to the mid-line 

thickness model of the cross 

section

zf: the distance from the 

neutral axis to the mid-line of 

the compression flange. 

*

*

*
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATION FOR ULTIMATE RESISTANCE

The above formula is the outcome of the fitting with numerical results obtained 

by advanced finite element simulations so that it should be used within the 

following ranges of the performed parametric analysis: 

𝜆𝑓 = 0,55

𝛼𝑠 = 0,203

𝐿𝑠
𝑏
=
2500

140
= 17,9

Satisfied checks

*

*
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATION FOR ULTIMATE RESISTANCE

𝜆𝑓 = 0,55

𝑎𝑠 = 0,203

𝐼𝑦 = 48,76 ⋅ 106𝑚𝑚4

𝑧𝑓 =
230

2
−
12

2
= 109𝑚𝑚

𝑀𝑜 =
𝐼𝑦

𝑧𝑓
⋅ 𝑓𝑜 =

48,76 ⋅ 106

109
⋅ 240 = 107,4𝑘𝑁𝑚

𝑴𝒎𝒂𝒙

𝑴𝒐
= 𝟏, 𝟏𝟖

𝐿𝑠
𝑏
=
2500

140
= 17,9

𝑴𝒎𝒂𝒙 = 𝟏𝟐𝟔, 𝟕 𝒌𝑵𝒎

*

*
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATIONS FOR ROTATION CAPACITY

The stable part of the rotation capacity R0 can be derived from the following formula: 

𝜆𝑓 = 0,55 𝑎𝑠 = 0,203
𝐿𝑠
𝑏
= 17,9

𝑹𝟎 = 𝟎, 𝟖𝟑

*

*
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Cross-sectional ductility and rotation capacity

EMPIRICAL RELATIONS FOR ROTATION CAPACITY

The total rotation capacity R can be derived from the following formula: 

𝜆𝑓 = 0,55 𝑎𝑠 = 0,203
𝐿𝑠
𝑏
= 17,9

𝑹 = 𝟏, 𝟒𝟔

*

*
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Cross-sectional ductility and rotation capacity

MOMENT-ROTATION CURVE OF THE EXAMINED BEAM
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