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1 Introduction  

Conventional composites usually exhibit a 

catastrophic failure with no prior warning. This has 

led to conservative design and large reserve factors in 

the design of composite structures and also frequent 

expensive health-monitoring checks during 

operation. Pseudo-ductility is a relatively new 

concept proposed to address such difficulties. In this 

approach, the possible failure processes are divided 

into two categories of favourable gradual and 

unfavourable catastrophic damage modes. By 

designing a composite to exhibit the desirable failure 

modes and avoiding the fatal ones, it is possible to 

achieve gradual deterioration and stiffness reduction 

while keeping the integrity and load carrying capacity 

of the laminate. 

Hybridisation with thin plies is one of the successful 

methods to achieve gradual failure or pseudo-

ductility [1]. In this method, two types of plies with 

different fibres and failure strains are co-cured to 

achieve fragmentation of the lower strain material and 

a gradual stiffness reduction during this process[2]. 

So far, gradual failure in several hybrid combinations 

have been successfully demonstrated [3] using 

Damage Mope Map technique [4]. To achieve 

pseudo-ductility in several orientation of a laminate, 

two different method of hybridisation were proposed 

and assessed to avoid other undesirable failure modes 

such as free edge delamination [5].  

Most of the progress to-date about achieving gradual 

failure have been mainly focused on in-plane loading 

and particularly tension.  

In many real structural applications, the load is not 

pure in-plane and is a mix of in-plane and transverse. 

One of the most common more complicated load 

cases is bending, happens in many structural elements 

from sport equipment to wind-turbine blades. This 

paper is the authors’ original work to take the lessons 

learned in in-plane loading and implement it into 

cases dominated with out-of-plane bending loads. 

The aim is to achieve gradual failure and pseudo-

ductility from composite beam under bending.  

 

2 Specimen design 

2.1 Fragmentation of the low strain material 

The main failure mechanism for gradual failure in 

tensile loading has been fibre fragmentation of the 

low strain material. To achieve a high stiffness beam, 

two carbon fibres of M55 and T1000 with distinct 

failure strains of 0.8% and 2.2% respectively were 

selected to build a hybrid. Damage mode map [4] of 

this hybrid combination was produced to find the 

optimal thickness and ratio as shown in Fig. 1. The  

following hybrid configurations, are highlighted on 

the map Fig. 1:  

A. [T10002/M55/T10002] 

B. [T10004/M552/T10004] 

C. [T10004/M553/T10004] 

D. [T1000/M55/T1000] 

The thickness of the layup B and C are about 0.32 and 

0.47 mm which is fairly thick to use as the building 

block to be repeated through the thickness of the 

beam. To achieve fibre fragmentation of the low 

strain material (M55) on the tensile side, layup A 

seems a good choice. It was also decided to reduce 

the amount of T1000 in the building block layup A to 

make the building block thinner. The idea was to 

promote a gradual brush-like failure and achieve a 

gradual failure of high strain material, T1000. This 

led to selection of layup D as well. To avoid 

catastrophic compressive failure, seven layers of S-
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glass layers were also added to the carbon/carbon 

hybrid. The final layups then are as  

 Layup A: [S-Glass7/T1000/(M55/T10004)10 

/M55/T10002]  

 Layup D [S-Glass7/(M55/T10002)18].  

The details of the design of the layups will be 

provided in the full paper.  

 

3 Test results  

Fig. 2 indicates the obtained load-displacement 

graphs of the 5 different specimens with layup A 

which shows a considerable change of initial slope 

due to fragmentation of the outer M55 layers 

followed by gradual failure of T1000.  

Fig. 3 indicates one of these specimens under 3 point 

bending test, after many of the surface building block 

T1000/M55 hybrid combinations have gradually 

broken. This photo shows the specimen stays intact, 

even after a significant failure of the surface layers 

and it is still capable of bearing a proportion of the 

applied load.  Compared to convensional composites, 

this is a significant achievement and is a proof of 

gradual failure for beams under bending.  

 

4 Figures 

 

Fig. 1. Damage mode map of M55/T1000 carbon 

hybrid 

 

Fig. 2. Load-displacement curves of bending tests of 

layup A  

 

Fig. 3. The specimen under 3-point bending load 
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