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At present time the technical progress gives new requirements to engineering mate-

rials and this leads to gradual replacement of metals with polymers and composites. Most 
intensively this process occurs in the automobile and aviation industry and specialists 
evaluate that by 2020 their part in the elements of load-bearing structures will reach 40–
50%. In this connection it becomes necessary to evaluate the properties of such materials 
not only at their manufacture but also during exploitation. One of the most important pa-
rameters of the material responsible for its exploitation reliability is fracture toughness. 
As a rule, fracture toughness is determined on specially produced samples. For materials 
and products of small size such methods are inapplicable , besides they also do not allow 
to perform control of real products. The best solution in this case is application of indenta-
tion and analysis of cracks formed at intrusion of axisymmetric indenter into the material. 
In this connection a task has been set in this paper to determine applicability of the inden-
tation method for evaluation of fracture toughness for elastoplastic polymer materials and 
for polymethyl methacrylate (PMMA) in particular.  

The samples of PMMA type TOSP-2 has been selected as test objects. This material 
is optically transparent which allows to trace the process of fracture. Indentation was car-
ried out in the static and dynamic mode. Static loading was performed on the Vickers 
hardness meter. The hardness meter was additionally equipped with LED sensor which 
allowed to measure hardness at loading as well as after its removal. Measuring of the 
intrusion depth was conducted with precision of 10 µm. 

In the dynamic mode the material is loaded by indenter that falls free at the moment 
of impact. At the same time the device specially designed for these purposes allowed to 
record not only the final parameters of the impact impulse: maximum intrusion αmax, 
maximum contact force Pmax, initial velocity υmax, rebound velocity υrebounding, impact 
time t and etc., but also the entire loading process. The indenter gained velocity υmax could 
be changing in the range from 0,2 to 3 m/s. 

During tests conical indenters were used with mass of m = 6,4 – 11,5 g made from 
tungsten carbide with the tip angle of ϕ = 90 and 120 degrees. With such indenter form 
the cracks in the material appear at a lower velocity υ  and loading P of intrusion, as 
compared to using of spherical tips. Figure 1 shows the character of cracks, formed in 
PMMA during intrusion of indenters. Developing of cracks was performed in the techni-
cal acetone medium. The character, length l and quantity n of cracks, that are formed at 
intrusion considerably depended on the extent and strain rate and also on the angle of 
cone opening. Optical measurements that were conducted at static indentation showed that 
formation of the radial crack occurred on the stage of loading with its further growth on 
the stage of unloading.  

For description of the fracture process an energetic approach was used for calcula-
tion of sizes for spalling fragments at formation of median cracks. Let’s use this approach 
for calculation of the critical stress intensity factor K1с, at formation of Palmqvist radial 
cracks. The following equation for stress intensity factor for crack with length l was de-
rived for dynamic indentation 
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And for static indentation: 
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The values of  do not depend on the loading rate, but significantly change be-
cause of the temperature. Increase of fracture toughness is observed with decrease of tem-
perature. 
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Behavior of the dynamic fracture toughness was considerably different. For the 
range of average strain rates achieved during measurings ))2/(tg(/2 maxmaxср ϕαυ=ε′  
no clear tendency for change depending on the strain rate was observed. At the same time 

 has decreased as the temperature T went down. д
1cK

Nevertheless, obtained results correspond to the common experimental data. Hence, 
the obtained results show that the given method can be used at tests of elastoplastic poly-
mer materials. The disadvantage of this method is the difficulty of determining quantity 
and size of cracks, that requires application of additional equipment microscopes and 
penetrants for revealing of cracks, which also adds significant inaccuracy of measure-
ments. However an undoubted advantage of this method is the ability to control the real 
products without manufacture of samples when applying dynamic indentation. This me-
thod has become widely used for control of hardness and devices based on application of 
impact on the tested material by indenter are widely available. Besides, at the appropriate 
calibration (account of strain rate and temperature) it is possible to reduce these values to 
those obtained by standard testing scheme. 
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