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Abstract 

The paper presents the results of experimental tests carried out on steel sample with 
the scope to verify the influence of planar defect with different size on type of 
fracture. 

The sample have been pressed up to the collapse. 
During the loading the sample have been monitored with acoustic emission to 

pick up the behavior of the material subject to increasing loading. 
The result of the tests highlights interesting data on the change of the type of 

fracture as the size of defects increase. 
From ductile fracture with 10% reduction of resistant section to brittle 

fracture with 30% reduction of resistant area. 
This change in the structure may be interpreted due to the hardening of the 

section consequently the increasing of the stress. 
This explanation is coherent with the string theory model of the metallic 

structure. 
According this model the hardening of material is consequence of any process 

that introduce stress inside the structure. 
Interesting the information coming from the acoustic emission maps which 

underline the different behaviour of the material with increasing stress. 

1. Scope 

The scope of the research has been the need to study the material behavior under increasing 
loading by means of acoustic emission. 

Acoustic emission through its piezoelectric sensor is able to monitor release of 
energy, dislocation movements, crack initiation and propagation up to the collapse. 

The knowledge of these fundamental behaviors are extremely necessary when 
monitoring pressure vessels or other structures under hydraulic tests or other stress tests to 
avoid collapse. 

More info about this article: http://ndt.net/?id=19691
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2. Test samples 

The samples used for the test hava been representative by steel specimens of 15 - 30 mm 
thickness. 

In each sample a surface breaking slit simulating crack have been performed by 
EDM. 

The depth of each slit were 10%, 20%, 30% of the full thickness. 

3. Loading system 

The loading of each sample has been made by hydraulic equipment moved manually to 
avoid vibration of motors and other mechanisms which can provoke noise in data 
acquisition. 

The loading has been made with intervals of 10’ up to the collapse of the full crack of 
the sample. 

4. Acoustic Emission Monitoring 

Two sensors have been placed on the base support over which the sample have been 
pressed. 

The Vallen system unit has been used with sensors of 100 kHz. (see Fig. 1). 
During the test four main parameters of signals have been monitored.: Amplitude of 

hits, number of hits, Instant energy and Integral energy. 

 
 

Fig. 1: Vallen system unit and sensor used for the experimental test 
. 

 
5. Results 

1.1 Sample n°1 

Sample with 6% slit of the thickness. 
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The material do not collapsed. Under increasing loading the sample bends, the crack 
started from the slit, propagating slowly into the thickness. In this case the crack has been 
accomplished by deformation. 

This is a typical ductile fracture. 
In Fig.3 the acoustic map of the hits of energy released during the loading up to the 

final crack. 

 

Fig.2: Sample n°1; slit 6% of the thickness. 

 

Fig.3: Map of acoustic emission hits and relative amplitude. There is a progressive increasing of amplitude up 
to reach the yield point of the material. 

1.2 Sample n°2 

Fracture surface of the sample with slit of 20% full thickness. 
The fracture exhibits brittle but also toughness area where the material opposed 

resistance before collapse (see Fig.4). 



4 

 

Fig. 4: slit 20% of the section; brittle and toughness area are present 

 

Fig.5: Map of acoustic emission hits and relative amplitude. The diagram shows a non uniform release of 
energy; collapse difficult to predict following the acoustic emission map. 

1.3 Sample n°3 

Fracture surface of the sample with slit of 30% of the thickness. 
The type of fracture is fully brittle. The sample during the test did no show evident 

deformation; it collapses without deformation. 
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Fig 6.: slit 30% of the section; 100% brittle fracture. 

6. Comments on the results 

The results highlight the influence that stress has on the type of fracture. 
The increased stress from sample n°1 to sample n°3 is a consequence of the increased 

size of the slit simulating a crack. 
Analyzing the fracture it is evident that increasing the stress in the section the fracture 

change from ductile to brittle. 
The stress, in the interpretation of the string model, increases the hardness of the 

steel. 
All the hardening processes in steel are consequence of interstitial processes that 

produce stress in the steel matrix. 
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Fig.5: A representation of the strengthening mechanism in metallic alloys. 
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