
Increasing advances on the part of science and industry

in the field of additive manufacturing (AM) in the last

few decades increasingly enable 3D-printed

components to be used in areas with increased

demands, such as medical technology, where the end

user has to be assured of function and durability. Owed

to the manufacturing process, components produced

via polymeric AM, especially extrusion-based methods,

possess many either weak or strong interfaces between

strands and layers, depending on the used process

parameters. When a crack reaches such an interface,

two different scenarios regarding further crack

propagation can occur (Fig. 1). Either the crack grows

into the interface (crack deflection) or penetrate through

the subsequent layer (crack penetration).

In this study, the applicability of two approaches, a strength (Cook & Gordon)- and an energy-based (He & Hutchinson)

approach, to predict the failure mode has been tested on four different polymeric materials. The energy-based approach

proved unreliable for failure mode prediction (Fig. 2). The strength-based approach, in contrast, correctly predicted the crack

path for all tested materials and seems a promising candidate for failure mode prediction (Fig. 3).

Crack deflection versus penetration in extrusion-based additively 
manufactured polymeric materials
Christoph Waly

MATERIALS SCIENCE AND TESTING OF POLYMERS
Otto Glöckel-Straße 2 | A-8700 Leoben | wpk@unileoben.ac.at | www.kunststofftechnik.at

CHRISTOPH WALY
Materials Science and Testing of Polymers
christoph.waly@unileoben.ac.at

RESEARCH FOCUS: additive manufacturing, 
polymer mechanics and fracture mechanics, 
multi-layered systems

Results from the energy-based approach, fracture toughness ratio of the 
interface to matrix (Γi/Γm) as a function of the nozzle temperature Tnozzle

1. 
The red line indicates the transition from crack deflection to penetration 

according to the suggestion given by He & Hutchinson.

Possibilities of crack propagation during fracture testing (left: 
crack penetration; right: crack deflection)1. 
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Final results of the from the strength-based approach. Strength ratio of the interface 
to matrix (σi/σm) as a function of the nozzle temperature Tnozzle

1. The red line indicates 
the transition from crack deflection to penetration according to the suggestion given 

by Cook & Gordon.

Fig. 3 


