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where:
σF = rupture stress (MPa)
λF = volume energy  (J m–3)
L0 = gauge length of fibre (mm)
A1; A2 = first coefficients of exponential curve (MPa; 
J m–3)
B1; B2 = second coefficients of exponential curve 
(mm–1)
C1; C2 = third coefficients of exponential curve (MPa; 
J m–3). 

The individual coefficients from Eq. 5 and Eq. 6 
are shown in Table 2. From ANOVA statistical analysis 
(Table 2) it follows that the measured values of ten-
sion stress and volume energy and the results from 
the general exponential models (Eq. 5 and Eq. 6) 
were statistically significant at the significance level 
0.05. It means that the values of Fcrit (critical value 
comparing a pair of models) were higher than the 
Frat values (value of the F-test) for all the measured 
Ensete fibres and values of Pvalue (significance level 
at which the hypothesis of equality of models can be 

rejected) were higher than 0.05 which is also con-
firmed by very high coefficients of determination R2. 
The determined values of the modulus of elasticity of 
fibres (Fig. 7) were fitted by Eq. 7 using Marguardt 
Levenberg algorithm:
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where:
EF = modulus of elasticity (MPa)
L0  = gauge length of fibre (mm)
A3 = first coefficient of exponential curve (MPa)
B3 = second coefficient of exponential curve (mm–1).

It is evident that the measured values of modulus 
of elasticity can be described by an exponential curve 
(Eq. 7) which is confirmed by the ANOVA statistical 
analysis results (Table 3) at significance level 0.05. 

DISCUSSION

As shown in Fig. 5, tensile strength decreased 
with the increasing gauge length. This corresponds 
with the general theory of fibrous materials, because 
the increasing length of fibres increases the probabil-
ity of the occurrence of various defects in the fibres 

Table 2. Mathematical model of tensile strength and volume energy of Ensete fibre

A1, A2 (MPa, J m–3) B1, B2 (mm–1) C1, C2 (MPa, J m–3) Frat Fcrit Pvalue R2 

σF (L0) (MPa) 548.165 –0.041 256.303 –2.019.10–14 4.965 0.99 0.969

λF(L0) (J m–3) 3.884 –0.049 0.476 3.668.10–15 4.965 0.99 0.989

σF = tension stress, λF = volume energy, L0 = initial length of fibre, A = first coefficient of exponential curve, B = second coefficient of exponen-

tial curve, C = third coefficient of exponential curve, Frat = value of the F test, Fcrit = critical value that compares a pair of models,  

Pvalue = hypothesis of the study outcomes significant level, R2 = coefficient of determination
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Fig. 5. Effect of gauge length of Ensete 
ventricosum fibre on tensile strength
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and so it decreases their tensile strength (B l e d z k i , 
G a s s a n , 1999; N e c k a r ,  D a s , 2012; T r u j i l l o 
et al., 2014). For shorter fibres not only higher strength 
but also lower variance was found (Table 1). From Fig. 
5 and Eq. 5, it is clear that the mechanical behaviour 
of Ensete fibres under tension loading depends on 
the gauge length of fibres, which can be divided into 
two regions. The first region is given by the range of 
fibre gauge length from 0 to 40 mm. In this region, 
tensile strength linearly decreases with the increasing 
length of fibre. Similar mechanical behaviour was 
shown also in the banana fibre of the genus Musa 
sapientum (K u l k a r n i  et al., 1983). A significant 
reduction of strength in the range of fibre length of 
40 mm was determined also in flax fibres, pineapple 
fibres (M u k h e r j e e ,  S a t y a n a r a y a n a , 1986), 
and palm fibres (G u o  et al., 2014). The second region, 
which is characterized by fibre length of more than 40 
mm, exhibits already insignificant reduction in tensile 
strength. This region can be marked as a “strength 
limiting defect” which applies to Ensete fibres with 
gauge length of 40 mm or higher. For synthetic fibres 
the ‘strength limiting defect’ occurs with much smaller 
fibre lengths, which is associated with a different dis-
tribution of defects in synthetic fibrous material (L i m 
et al., 2011). From Fig. 7 it is evident that the modulus 
of elasticity of Ensete fibres depends on gauge length 
of fibres. The measured values of modulus of elasticity 
(Fig. 7) increased with the increasing gauge length. 
A very similar dependence between the modulus of 

elasticity and the gauge length of fibres is shown in 
bamboo fibres (D e f o i r d t  et al., 2010; B i s w a s  et 
al., 2011). Similar mechanical behaviour has also the 
jute fibre (B i s w a s  et al., 2011). 

CONCLUSION

Eqs. 5 and 6 describe the effect of gauge length 
of false banana fibre (Ensete ventricosum) for tensile 
strength. The statistically significant coefficients of 
mechanical behaviour of the above equations are in-
dicated in Table 1. Eq. 7 also describes the effect of 
gauge length of fibre on the values of the modulus of 
elasticity. The coefficients of mechanical behaviour 
are presented in Table 3. The fibre with a length of 
10 mm exhibited the best mechanical properties and 
also the smallest variance. The presented models of 
mechanical behaviour hopefully provided background 
information for further research focused on the Ensete 
fibre application.
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Nomenclature: A1 = first coefficient of exponential curve of rupture stress (MPa), A2 = first coefficient 
of exponential curve of volume energy (J m–3), A3 = first coefficient of exponential curve of modulus of elas-
ticity (MPa), B1 = second coefficient of exponential curve of rupture stress (mm–1), B2 = second coefficient 
of exponential curve of volume energy (mm–1), B3 = second coefficient of exponential curve of modulus of 
elasticity (mm–1), C1 = third coefficient of exponential curve of rupture stress (MPa), C2 = third coefficient 
of exponential curve of volume energy (J m–3), D = outer diameter of fibre (mm), EF = modulus of elasticity 
(MPa), F = maximal force (N), Fcrit = critical value that compares a pair of models (-), Frat = value of 
the F test (-), i = additional amount of strain (-), L0 = fibre gauge length (mm), Pvalue = hypothesis of the 
study outcomes significant level (-), R2 = coefficient of determination (-), S = cross section area (mm2), 
t = thickness of fibre (mm), x = elongation of fibre (mm), ε = strain of fibre (-), εn = strain (-), εn+1 = se-
quential strain (-), λF = volume energy (J m–3), σ = stress of fibre (MPa), σF = rupture stress of fibre (MPa), 
σn = tension stress at appropriate strain (MPa), σn+1 = tension stress at sequential strain (MPa)
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