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Abstract 

The objective of this paper is to predict the ultimate failure load and also is to characterize the failure modes in GFRP 
composite coupons using Multi linear regression. IBM SSPS20 version is used to predict the ultimate failure load using 
Multi linear regression with failure loads as dependent variable and the load range of 10kg each and its corresponding hits 
as independent variable. The three point bending test was conducted on the GFRP composite coupons till failure of the 
GFRP composite coupons. Based on the effect of various failure modes the ultimate failures of the specimen were also 
predicted by means of multi linear regression method.   
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INTRODUCTION

Acoustic emission technique is one of the frequently adopted practical methods for ensuring the integrity of the FRP 
composite structure. For the evaluation of the structural integrity of FRP composites, the key AE parameters are in the 
form of amplitude, hits, energy and duration. The mode of failures in FRP composites are matrix cracking, fiber fracture, 
fiber-matrix de-bounding, de-lamination and fiber pullout.  Multi regression analysis is one of the most powerful statistical 
tools widely used to determine the goodness fit of the data and accuracy of the model. In multi regression analysis, five 
steps has to be followed are model building, model adequacy, model assumptions like residual tests and diagnostic plots, 
potential modeling problems and solutions and model validation.  

EXPERIMENTAL WORK 

Fabrication of GFRP Composite Flexural Coupons. 

           GFRP composite laminate is fabricated by hand-lay-up using a E-glass woven glass fiber of average thickness 
0.28mm. The laminate plate is fabricated by hand-lay-up method with seven layers using LY556 epoxy and hardener 
HY951 of dimensions 80x200x2.3mm. The laminate is then compressed in a compression molding machine with a 
compression pressure of 30kg/cm

2
 in order to remove the excess resin from the laminate. The laminate is cured for a 

period of 24 hour. Eight flexural coupons are cut from the lamina laminate of dimension 80x25x2.3mm as per ASTM D790 
[13] using a diamond cutter to avoid any structural degradation.Fig.1Shows the GFRP flexural coupons. 

 

 

 

 

 

 

 

 

 

Fig.1. Flexural GFRP composite Coupons. 

Flexural testing procedure 

     The flexural loading using a 100 KN Universal testing machine with data acquisition system. The test coupons were 
loaded with a three point bending as per ASTM D 790 [13] with a supporting span of 60mm apart  as in fig-4 were loaded 
at the middle of the coupon with cross head motion of 2.4mm/min in a 10 ton capacity testing machine till the coupons fail 
and the corresponding AE signals are recorded. This is repeated for all the eight coupons. 
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Fig.2. Schematic diagram of three point bending as per ASTM D 790 

RESULT AND DISCUSSION 

 In FRP composites, the primary failure modes are matrix cracking, fiber breakage and de-lamination. Among the three 
failure modes, the least and most damaging failure modes are the matrix cracking and fiber breakage. The matrix 
cracking occur throughout the cycle while the de-lamination takes place due to shearing of the lamina. The breaking of 
fiber occurs due to the interfacial de-bonding of matrix from the fiber, which leads to uneven distribution of load to the 
fiber.  

 

BW
*
,
 
(Kg) CP

+ 
- I CP - II CP - III 

0-10 565 415 1249 

10-20 1953 2170 1445 

20-30 423 420 431 

30-40 418 426 450 

40-50 552 548 487 

50-60 460 464 469 

60-70 463 440 428 

70-80 267 210 131 

FL, Kg 75 74.2 72.5 

Table. 1. AE hits for each bandwidth for three coupons (* BW- Bandwidth. +CP- Coupons) 

The AE parameter like amplitude duration and energy are recorded till coupon fails and corresponding data are segregated 
as hits due to matrix cracking, fiber breakage and de-lamination for each bandwidth of 10 kg each. Table –I shows the total 
AE hits recorded on each bandwidth for three coupons. From table-1, and from the fig- 5 it is seen that at the initial 
bandwidth of 0-10kg where the number of hits is less for matrix cracking. Fiber breakage has more load bearing capacity 
than with more number of hits for matrix cracking and fiber breakage when compared, where the failure load is 75 kg and 
72.5 kg respectively. De-lamination also plays a vital role in the earlier failure of the coupon. The number of de-lamination 
hits in the initial in the intermediate load range also plays a vital role is the low load bearing capacity of the coupon.  

Prediction of failure load using Multi-linear regression 

IBM SSPS 20 Version software is used for predicting the ultimate failure load. For the analysis, the variables dependent and 
independent variables are the ultimate failure load of the coupons and hits in the various bandwidths for matrix cracking, 
fiber breakage and de-lamination respectively. The table-2 shows the correlation coefficient and coefficient of determination 
for the eight coupons and the corresponding predicted failure load. The table-3 shows the percentage of error for the 
predicted failure load with respect to actual failure load. 

 

Sl.no Specimen R R2 Predicted failure load(Kg) 

1 Sp-I 0.999 0.998 71.3 

2 Sp-II 0.828 0.686 70.83 

3 Sp-III 0.946 0.895 70.99 

Table: 2. Regression analysis for predicted failure load 
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Sl.no Specimen Actual failure load Predicted failure load % of error 

1 Sp-I 75 71.3 -5.189 

2 Sp-II 74.2 70.83 -4.757 

3 Sp-III 72.5 70.99 -2.127 

Table: 3. Regression analysis for percentage of error between the predicted and actual failure load 

Conclusion 

The experimental results clearly states that less fiber failure and early stage of loading will widely affect the ultimate failure 
from prediction for reducing the percentage of error will be obtained by more number of coupons. 
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