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Abstract 

It has been reported that the measurement results by the method of indentation for soft 

viscoelastic materials are affected apparently by experimental conditions, such as 

strain rate and indentation depth. In order to enhance the effectiveness of the method 

of indentation and find optimized loading rates in tests, the Lee-Radok’s solution was 

modified with Hay’s correction to describe the indentation response for soft 

viscoelastic materials, further, a pseudo dissipative work was defined in a normalized 

indentation loop and its variation against the loading rate was obtained. It is found the 

pseudo dissipative work exists several maximal values related to the viscous 

properties of materials, and the corresponding loading rates can be regarded as the 

optimal loading rates in indentation tests. Based on the theoretical analysis, a new 

method how to determine the optimized loading rates in indentation was 

recommended, which was verified by tests of indentation and uniaxial compressive 

creep for a PVA hydrogel. 
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Introduction 

Polymer hydrogel, which consists of a network of polymers and solvent, is a kind 

of potential material in various fields, particularly in tissue engineering, 

environmental technology and biomedical engineering. The good biocompatibility 

and ability to absorb a large amount of water makes hydrogel a potential material in 

cartilage repairing [1,2], wound dressing [3,4], water purification [5,6] and soil 

remediation [7,8]. Intelligent hydrogel, which gives sensitive responses to external 

stimuli, has been used in drug delivery [9,10]. Therefore, studies on the mechanical 

properties of hydrogel are necessary and helpful for the improvement of its 

application. The fundamental mechanical behavior of hydrogel is viscoelastic, or time 

dependent [11,12]. Lu et al. [13] developed a coupled viscoelastic and Mullins-effect 

model to characterize the deformation behavior of the tough gel under uniaxial cyclic 

loading. Hong et al. [14] formulated a theory of the coupled mass transport and large 
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