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ABSTRACT 

In this work, The AE waveform and AE power spectra studied during tensile testing of GFRP                            

(reinforcement: E-glass fiber, matrix: Poly-ester resin) composite studied and compared with conventional materials like 

Al, Cu, and HCS. The AE waveform of GFRP specimen found more burst type signal compare to homogeneous material 

like Al, Cu, and HCS. This mainly due to individual fibers breakage produces this type of signal like multi-phase material 

GFRP laminate. The material having high tensile strength AE signal peak observed at lower frequency range in the AE 

power spectra. The acoustic emission phenomena in the tensile test were very active in the elastic region, drop significantly 

when it starts to enter the plastic region and increase rapidly at rupture point during testing a materials Al, Cu, and HCS. 
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INTRODUCTION TO TENSILE PROPERTIES 

Glass fiber reinforced polymer (GFRP) composites are widely used in aircraft, spacecraft, automotive and 

electronics industry. The typical sudden failure of most GFRP components would considerably benefit of a reliable system 

for monitoring in real time damage progression and reliably discerning between different damage mechanisms, such as 

matrix cracking, fiber matrix splitting, delamination and fiber fracture [1-2]. In-service monitoring of acoustic emission 

(AE) i.e., ultrasonic waves generated in materials under load, can be used for this purpose. A number of studies exist, 

which are aimed at finding a correlation between AE parameters and damage mechanisms [3-4].  

Most studies so far have used AE signal parameters, such as rise time, counts, energy, duration, amplitude and 

correlated them with the occurrence of some particular damage modes [5]. For example, low-velocity impact damage on 

natural fiber reinforced laminates are characterized by AE parameters during tensile testing and flexural testing [6]. 

Acoustic Emission (AE) is the class of phenomena whereby transient elastic waves are generated by the rapid release of 

energy from a localized source or source within a material or the transient elastic wave so generated”. Acoustic emission is 

just one of a number of methods that can be used to monitor material quality during the tensile testing in order to provide 

information. An advantage of using AE as a process monitor is that the frequency range of acoustic emission is much 

higher than that of machine vibrations and ambient acoustic noise [7]. Although the AE technique has been in use for over 

50 years or so, effective analysis of data is still a major challenge. Hence, the major scope of this research is focused on the 

effective analysis of recorded AE data to achieve accurate source identification, effective signal discrimination, and 

reliable severity assessment. This can be expected to increase the effectiveness of the acoustic emission technique as a 

health monitoring tool [8].  
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The objective of this research is to monitor acoustic emission signal during tensile testing of GFRP composite and 

study the AE waveform and AE power spectra correlate with tensile properties and various failure modes of GFRP 

composites. The AE signal of GFRP composite compared with AE signal of conventional materials like Al, Cu and High 

carbon steel (HCS) to find how multiphase material like GFRP composite AE signal varying from homogeneous materials 

AE signals like Al, Cu, and HCS.  

EXPERIMENTAL DETAILS  

Materials and Experimental Procedure 

The GFRP composite laminate of 4 mm thickness made of E-glass fiber and Poly-ester resin as the matrix 

manufactured by ECAMS RESINS PVT LTD is used in this study. The mechanical properties of GFRP fiber/resin details 

E-glass fiber and Poly-ester resin is  given in Tables 1 to 3. The un-notched tensile specimens of GFRP, Al, Cu, and HCS 

were prepared as per the ASTM E8M-04 standard guidelines for monitoring the AE signal. Tensile testing was carried out 

using 100 kN Electro mechanical controlled universal testing machine (Make: FIE-blue star, India; Model:                        

UNITEK-94100). 

Table 1: Mechanical Properties of E-Glass Fiber and Polyester Resin 

Fiber/Resin 
Tensile Modulus 

(E) (GPa) 

Tensile Strength 

(σ) (MPa) 

Density (ρ) 

(g/cm
3
) 

Shear Modulus 
Ultimate 

Elongation (%) 

E-Glass 69 2400 2.6 27 - 

Polyester  3000 50 1.10 - 2% 

 

Table 2: Details of E-Glass Fiber 

Fiber, E-Glass (M123 300-130 1B) 

Manufacturer OCV
TM

 Reinforcements 

M123 Chopped Strand Mat(CSM) 

300 Roll weight(g/m
2
) 

130 Roll width(cm) 

1B Number of trimmed edges(zero,one or two) 

 

Table 3: Details of Poly-Ester Resin 

Resin, Poly-Ester 

Manufacturer ECAMS RESINS PVT LTD. 

Product Ecamalon 8811(Isothalic based resin) 

Hardner MEKP(Methyl Ethyl Ketone Peroxide) 

 

Acoustic Emission Signal Monitoring  

The AE data Acquisition setup, AE sensor with preamplifier as shown in Figure 1 and 2, piezoelectric AE 

transducer was fixed on the tensile specimen using couplant (shown in Figure 3) made of Physical acoustic corporation Ltd 

(PAC) frequency range of 0-1000 kHz, before each test, the calibration of the acquisition parameter was achieved by 

performing a pencil lead break procedure [9]. Electric signal produced by the transducer was of very low amplitude and 

high-frequency contentand was initially amplified with a low noise pre-amplifier. Most pre-amplifier had a gain of 40-60 

dB. In this study 40 dB, pre-amplified gain is used [10]. The pre- amplified signal was passed through a band pass filter 

with a threshold set greater than background noise; the conditioned signal was stored in the computer (shown Figure 4) and 

analyzed using AE Win software. The acoustic emission monitored for the entire testing of all the specimens and tensile 

properties correlated with AE parameter. 
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                 Figure 1 AE Data Acquisition Setup      Figure 2: PAC AE Sensor with Preamplifier 

    

                        Figure 3: Details of AE Sensor Mounting              Figure 4: AE Monitoring System 

RESULTS AND DISCUSSIONS 

Tensile Properties 

 The transverse tensile properties such as yield strength, tensile strength, and percentage of elongation of GFRP 

material were evaluated along the conventional materials of Al, Cu and HCS. The tensile test specimens are shown in 

Figure 5, three specimens were tested, and the best one selected and load vs. displacement curves as shown in Figures 6 

results are presented in Table 4. The same tensile specimen acoustic emission signal also captured for further analyzes.                       

The yield strength and tensile strength of GFRP material 235, 268 MPa respectively. From table observed that yield 

strength of and tensile strength of GFRP higher than Al and Cu by 46% and 12% respectively. This indicates that GFRP 

has superior mechanical properties compared to Al and Cu.  

    

Figure 5: Un-Notched Tensile Specimens of GFRP, Al, Cu and HCS (Before and After Testing) 
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Table 4 Transverse Tensile Properties of Materials GFRP, Al, Cu and HCS 

Material Yield Strength(MPa) Ultimate Tensile Strength (MPa) 
Elongation In 50 mm  

Gauge Length (%) 

GFRP 235 268 13.92 

Al 125 144 10.20 

Cu 205 229 38.58 

HCS 690 723 20.24 

 

    

Figure 6 (a): GFRP Laminate                                 Figure 6 (b): Al Specimen 

    

Figure 6 (c): Cu Specimen                                         Figure 6 (d): HCS Specimen 

Figure 6: Load VS Displacement Curve 

Acoustic Emission Signal Monitoring 

AE Waveform Analysis 

Typical AE waveforms pertaining to hit data and possibly related to the failure modes during tensile test 

monitoring are identified from the parametric analysis. Waveforms for GFRP, Al, Cu and HCS specimen are shown in 

Figure 7. From Figure observed that different materials having a different pattern of AE waveform especially GFRP 

specimen waveform seen more burst type signal compare to homogeneous material like Al, Cu, and HCS. This mainly due 

to individual fibers breakage produces this type of signal like multi-phase material like GFRP [11]. 
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Figure 7 (a): GFRP Laminate                                   Figure 7 (b): Al Specimen 

    

Figure 7 (c): Cu specimen                                                Figure 7 (d): HCS specimen 

Figure 7: AE Waveform 

AE Power Spectra Analysis 

Typical AE power spectra pertaining to hit data and possibly related to the failure modes during tensile test 

monitoring are identified from the parametric analysis. AE power spectra for GFRP, Al, Cu and HCS specimen are shown 

in Figure 8. From Figure observed that different materials having a different pattern of AE power spectra. From the figures, 

the peak frequencies of 590, 320, 310 and 180 kHz observed for Al, Cu, GFRP and HCS respectively. The peak frequency 

of AE spectra for four different materials compared with tensile strength (shown Table 4); found that material having 

higher tensile strength peak at lower frequency range i.e 180 kHz for HCS followed by 310, 320 and 590 kHz for GFRP,                      

Cu, and Al respectively. The AE power spectra of GFRP having more sharp fluctuations compare to other materials this 

mainly due to fiber breakage during tensile test [12]. 
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Figure 8(a): GFRP Laminate                                  Figure 8(b): Al Specimen 

    

Figure 8(c): Cu Specimen                                    Figure 8(c): HCS Specimen 

Figure 8: AE Power Spectra 

CONCLUSIONS 

From the Acoustic emission signal monitoring during tensile test of GFRP laminate and other materials of Al, Cu 

and HCS the following conclusions can be drawn. 

• The acoustic emission phenomena in the tensile test of multi-phase material like GFRP laminate varying from 

conventional materials like Al, Cu, and HCS due to its heterogeneity.  

• The AE waveform of GFRP specimen found more burst type signal compare to homogeneous material like Al, 

Cu, and HCS. This mainly due to individual fibers breakage produces this type of signal like multi-phase material 

like GFRP. 

• The material having high tensile strength AE signal peak observed at lower frequency range in the AE power 

spectra. 
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