
 

 
 

 
 

 
 

 
 

CHAPTER VII 
 

SUMMARY OF RESULTS AND DISCUSSIONS 
(Chapter III – Chapter VI) 
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CHAPTER III 

 
INITIAL APPROACH 

 
Summary of Results  

Available analytical models are reviewed and are found to be not 

fully satisfying in determining the transverse elastic properties of 

fibers used in FRP composites. Transversely isotropic test specimens 

are synthesized, fabricated with metallic constituents and tested. 

Equivalent models are designed FEM and analyzed for various cases 

of fiber/matrix mismatch and volume fractions. The mutual 

disagreement of analytical models with FE model necessitates 

verification of the genuinity with an exact analytical model or 

experimental result. Hui-Zu has evolved an exact elasticity model 

for two composites and deteermined E2 for a range of volume 

fractions from 10 to 70%. The composite combinations are  

glass/epoxy with Ef/Em=73.1/3.45 (21.19:1) and 

alumina/aluminum with Ef /Em=379/68.9 (5.5:1). Accordingly E2 

has been determined, for the same combinations of Ef/Em used by 

Hui-Zu, with FE and other analytical models. Compared to the 

available analytical models, FEM results are found to be matching 

much closer with the experimental results for fiber-matrix bonded 

and de-bonded cases. Relative closeness of experimental and FE 

results confirms the dependability of FEM in predicting transverse 

modulus of fiber reinforced composites. Similarly it is observed, 

fiber properties can be back tracked sufficiently accurately from the 

composite properties using FE results. 
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CHAPTER IV 

PREPARATION OF TRANSVERSELY ISOTROPIC TEST 
SPECIMEN 

 

Summary of Results   
Burn-out method for determining the volume fraction, though more 

popular, requires superior skills and sophisticated equipment that 

are usually not readily available with academic researchers. Hence a 

relatively easier method of achieving the required volume fraction 

by finding the linear density of fibers is tried and the results are 

found to be accurate and satisfactory. The specimens for the 

present study are prepared using this technique and are found to be 

giving satisfactory results. Materials that are commonly available 

and sacrificial are used to prepare moulds. Dimensionally accurate 

specimens are prepared and the method described requires only 

moderate skills. 
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CHAPTER V 

EXPERIMENTATION AND ESTABLISHMENT OF  

“BACK-TRACK” METHOD 
 

Summary of Results 

FRP composite specimens with known fiber properties are prepared 

and tested for elastic properties. Since the aim of this work is to 

determine the fiber properties using composite properties and since 

FEM is used to find the fiber properties in reverse direction, the 

method is named as “back-track” method. E1c - Ef and ν12c – νf 

plots for a wide range of fiber moduli and Poisson’s ratios are 

drawn. The E1f and νf values are derived from these plots by “back-

track” method. It is observed that for E1c = 11.295 GPa, the 

corresponding E1f is a fraction greater than 85 GPa (the actual value 

of Ef is 85.6 GPa) which indicates that “back-track” method is 

working.  E2c – E2f plot for a wide range of fiber moduli and 

Poisson’s ratio are drawn. The E2f value derived from the plot 

corresponding to average experimental value of E2C = 3.841GPa by 

“back-track” is around 102 GPa which is not in agreement with the 

actual value of 85.6 GPa.   

 

The higher values of experimental results of E2c appear to be due 

the deviation of fiber arrangement from the assumed square array 

which is referred to as randomness and measured in degrees for 

this study. FE models with possible randomness from 450 to 600 are 

designed and corresponding E2c – Ef plots are drawn. “Back-track” 

method is applied as was in the case of E1c and Ef is determined for 

all cases of randomness. The variation in E2c value with increasing 

randomness is found to be reaching a maximum of 0.53% from the 

numerically (FEM) determined value. It can be seen from E2c – E2f 

plot that with a reduction of 0.53% of the experimental value of E2c 
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(from 3.841 to 3.822 GPa), the corresponding Ef is coming to 

around 85 GPa which is very close to actual value of 85.6 GPa. 

Since the deviation could be both positive and negative, back 

tracking is done by taking a range of values of E2c with ±0.53% and 

corresponding  E2f values are found to be 79 and 122 GPa. This 

brings the discussion to a point where the “back-track” method 

yields a range of results within which the actual value lies by taking 

the randomness for granted which is a process impregnated 

variable. However, the actual arrangement of fibers can only be 

presented as randomness specified in degrees of deviation from 

square arrangement. 
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CHAPTER VI 

PREDICTION OF ELASTIC PROPERTIES OF SISAL FIBER 

 
Summary of Results 

E2c has been computed using FEM over a wide range of values of E2f 

and the variation of E2c with E2f is plotted. Back tracking with 

experimental result of E2c = 3.203 Gpa on the above mentioned 

plot, is corresponding to a value of E2f = 5.15 Gpa. While the value 

of E2f derived through IROM (5.80 GPa) is indicative, the value 

obtained through back-track method (5.10 to 5.20 GPa) is taken as 

sufficiently close to the actual value as is established in case of 

glass fiber. Assuming that fiber randomness creeps into the test 

specimen, as a process error that cannot be completely avoided, 

and since such randomness contributes to higher or lower 

experimental transverse moduli, the E2c is taken as ± 0.53% (3.23 

and 3.18 Gpa) for back tracking. These values correspond to a 

range of values of E2f from 4.80 to 5.50 Gpa. The actual value is 

predicted to be lying within this range as is found in case of glass 

fiber. The deviation of fiber arrangement due to process errors is 

found to be of magnitude of 100 from the assumed 450 and thus the 

Poisson’s ratios are also back-tracked at 550. The corrected values 

of ν12f and ν21f are 0.245 and 0.12 respectively. 
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