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Abstract In this study, viscoelastic properties of poly-

meric composites were investigated through a non-

destructive test (NDT) method based on longitudinal free

vibration. First, three different polyester composites rein-

forced separately with carbon, glass, and hemp fibers, as

well as, one polyester composite sample reinforced with

poplar wood powder were manufactured via pultrusion and

hand lay-up methods, respectively. In the proposed reso-

nant free vibration non-destructive method, each rod-

shaped test specimen was hit by a hammer at one end of

specimen and immediately the acoustic response of the

specimen was recorded by a microphone at the other end of

the sample. Subsequently, the recorded sounds were ana-

lysed using fast Fourier transform technique. Then, fre-

quency of the first mode of vibration for each composite

specimen was utilised to calculate modulus of elasticity.

Further, decrement in vibration energy as a function of

time was examined to obtain loss parameter (tan d) of the

provided composites. Moreover, parameters (i.e., elastic

modulus and tan d) were also compared with those deter-

mined by dynamic mechanical thermal analysis (DMTA).

It is found that the results obtained from the examined non-

destructive test method are in consistent with those mea-

sured by DMTA approach, providing reliable, accurate and

quick responses.
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Introduction

Static and dynamic destructive tests such as tensile and

dynamic mechanical analysis (DMA) are extensively

employed to measure viscoelastic properties of polymeric

materials. Although these methods are so practical, they

also possess some problems. For example, test procedure is

irreversible, because the sample is destroyed; achievement

of desirable sample geometry according to the standards is

relatively difficult and also long procedure time is usually

required. Moreover, investigating the polymer changes and

polymer degradation for one test specimen during exposure

time is impossible [1–3].

In contrast, non-destructive test (NDT) methods causing

no damage and undesirable effects on the samples, can

accurately estimate viscoelastic properties of materials in a

short time. Recently, the non-destructive evaluation of

elastic properties of composite structures is more com-

monly used [4, 5]. NDTs are categorised methodologically

[6]. One of them is called resonant vibration testing which

is involved mechanically vibrating of a test specimen in

either of torsional, transverse, or longitudinal vibration

modes over a range of frequencies [6, 7]. This method has

been utilised by some authors to investigate and analyse the

properties of ceramic [8], concrete [9] and especially wood

[10, 11]. Schmidt et al. measured Young’s modulus of

molding compounds and examined the effectiveness of

temperature on compounds’ modulus with resonance

method. They also reported a good agreement between

NDT results and mechanical measurements [12, 13]. In

spite of the fact that it is a powerful, precise and quick

method to determine viscoelastic properties of materials,

there is a lack of studies in the field of polymers and

composites. Although some attempts have been made in

this field, yet, this method has not been well established.
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