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Investigation of crack propagation can sometimes be a crucial stage of engineering analysis. The T -element 
method presented in this work is a convenient tool to deal with it. In general, T-elements are the Trefftz­
type finite elements, which can model both continuous material and local cracks or inclusions. The authors 
propose a special T-element in a form of a pentagon with shape functions analytically modelling the vicinity 
of the crack tip. This relatively large finite element can be surrounded by even larger standard T-elements. 
This enables easy modification of the rough element grid while investigating the crack propagation. Nu­
merical examples proved that the "moving pentagon" concept enables easy automatic generation of the 
T-element mesh, which facilitates observation of crack propagation even in very complicated structures 
with many possible crack initiators occurring for example in material fatigue phenomena. 

1. INTRODUCTION 

Fracture analysis of engineering structures often requires investigations of large variety of objects 
with different forms and positions of cracks. The crack propagation is often a key problem in practical 
engineering analysis. A path of the crack development can decide whether the final fracture causes 
damage of the whole structure or only eliminates its small part without total failure. Hence, such 
an analysis can influence a shape of a designed object. The main difficulty of this analysis is a large 
variety of possible development paths depending on a form and position of the initiation crack [IJ. 
Therefore, it is important to possibly decrease the time of a single calculation in a searching loop. 
The T-element method is a convenient tool to deal with the problem. In general, T-elements are the 
Tre£ftz-type finite elements, in which internal shape functions fulfil governing differential equations 
of a certain boundary-value problem [23, 24J. They can model both continuous material and local 
cracks or inclusions. 

Usually, the field near the crack tip is modelled with increased accuracy, which in case of the 
finite element method involves considerable remeshing in this area [9J. Recent investigations enable 
improvement of accuracy with minimal remeshing or field enrichment through a partition of unity 
methods [2, 10J. However, the most efficient way of proceeding seems to be in this case introduction 
of an analytical solution in the vicinity of the crack tip [4, 6, 11, 20J. It usually results in a hybrid-type 
finite element , because shape functions of the local solution do not conform with surrounding finite 
elements. The authors follow this path. They propose a special T-element in a form of a pentagon 
with shape functions analytically modelling the vicinity of the crack tip. This relatively large finite 
element can be surrounded by also large standard T-elements [5, 7, 8J . This enables easy modification 
of the rough element mesh while investigating the crack propagation. 

The study includes detailed investigation of the T -element solution in comparison with the 
standard finite elements (ALGOR®, ANSYS®) [14J. Also, influence of geometry of an investigated 
object on stress intensity factors (SIF) and strain energy distribution has been studied. Finally, 
the interesting comparison of the crack propagation paths obtained by the standard finite element 
method and the hybrid Trefftz elements has been made [14J. 
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A changed position of the key against the loaded tooth - c = -13.57° instead of 1.43° - was 
applied in order to avoid a rapid failure of the wheel. The remaining data (load and dimensions) 
were left unchanged. 

Crack paths visible in Fig. 16 show a more optimal propagation path in comparison with the 
cases presented in Fig. 15. Most probably, in this case the same loading of the tooth side will not 
make the immediate failure of the ratchet-wheel rim. 

Figures 17 and 18 present results concerning the equivalent stress intensity factor Ko = f(n), 
according to the definition (19), where n is a number of the simulation step. The first diagram, 
Fig. 17, contains curves referring to simulation of the crack propagation for the two cases (a, b) 
defined in Figs. 14 and 15. A strong growth of the factor Ko at the end of the path - particularly 
in case (b) - confirms predictions about the immediate failure of the rim. The second diagram, 
Fig. 18, contains curves referring to simulation of the crack propagation for the four cases (a, b, c, d) 
defined in Fig. 16. Rather soft growth of the factor Ko and its significant decrease at the end of the 
path can be observed on the diagram in this case. It confirms observation that the rotation of the 
keyway position with the angle c = -13.57° makes the connection safer. 

The growth of the function Ko(n) observed in Fig. 17 is caused by the force P2 (Fig. 15a) or 
by the force Q (Fig. 15b) and by the remaining cross-section of the rim decreasing during the path 
propagation. It makes the strong tensile hoop stress near the tip of the crack, hence, the factor Ko 
grows. Different situation takes place in Fig. 18, where the decrease of the function Ko (n) at the 
end of the path is observed in every of the four cases. In this case (Fig. 16), forces Q and P2 always 
act on the same side of the crack path. A special effect is made by the force P2 , which compresses 
the remaining, decreasing cross-section of the rim. It makes smaller the tensile hoop stress near the 
tip of the crack and diminishes the function Ko(n). 

7. CONCLUSION 

The procedures of simulation of the crack propagation in 2D elastic objects as well as other inves­
tigations described in the paper show that the T-element code is a convenient tool to deal with 
fracture problems in practical engineering analysis. Advantages of that approach can appear even 
more evidently if the investigated objects are more complex and assembled of numerous parts as, 
for example, entire frames of vehicles. In such cases, members of regular shapes can be modelled 
with large T-elements, whereas local openings or notches - with special elements presented in the 
paper. 
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