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Failure Theories and Notch Type Effects on the Mechanical Properties of Jute-Glass Hybrid 
Composite Laminates
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This study aimed to analyze the mechanical properties and damage characteristics in uniaxial 
tensile loading of two hybrid composite laminates consisting of an ortho-therephthalic polyester matrix 
reinforced by bidirectional jute fabrics and E-glass fibers, with different configurations and types of 
geometric discontinuities in the longitudinal section, characterized by the presence of a circular hole and 
semicircular notches. A semi-empirical study was conducted using the residual properties obtained in 
mechanical tests, as well as the Point Stress Criterion (PSC) and Average Stress Criterion (ASC) failure 
theories. This study is based on the calculation of distances (d0 and a0) in the neighborhood of both 
the hole and the notches, the area of failure stress. The results show the direct influence of geometric 
discontinuity and residual and modulus strengths in all the parameters studied. With respect to failure 
theories, only the PSC showed good agreement when the K equal to 2.36 or 2.58 values was used.
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1. Introduction
An increasingly important area in the field of engineering 

is the development of new materials aimed at meeting a host of 
conditions, combining high-performance structural properties 
(lightness, easy handling and high mechanical response) with 
low production and operational costs1-3. Currently natural 
fibers such as jute fiber composite materials are replacing 
the sinthetic fibers owing to their easy availability and cost. 
The use of natural fibers is improved remarkably due to 
the fact that the field of application is improved day by day 
especially in automotive industries. Several researches have 
been taken place in this direction4,5.

Jute is an important natural fibre occupying second place 
in the economic market after the cotton and mainly utilized 
for industrial application. India, Bangladesh, China, Nepal 
and Thailand are the major producers of jute accounting for 
over 95% of the global output. Good mechanical properties 
of jute fibres when compared with other natural fibre, such 
as sisal, coir, and ramie are intended to make reinforced 
composites. The nonabrasive nature of jute, which permits 
higher fibre loading and low rate of damage to the mould is 
compared with the glass fibre composite quality5.

Given this development, an increasingly viable possibility 
for the different applications has been found in polymer 
composite materials. Within this class, hybrid composite 
materials stand out, especially in the case of possible 

environmental damage, where these materials have blended 
synthetic and natural fibers6-10. Composite materials, mainly 
natural and/or synthetic fiber-reinforced plastics, have 
played an important role in these studies, since they meet 
the aforementioned requirements, in addition to their low 
weight and low cost, essential parameters in many structural 
applications2,6.

One of the most frequent design conditions in structural 
elements is the presence of geometric discontinuities, such as 
holes and notches. The influence of these types of discontinuities 
in preventing the failure of these structural elements, whether 
in determining their ultimate tensile strength and/or fracture 
characteristics, is a determining factor11.

Thus, several studies have been conducted involving 
experimental and numerical analysis in order to quantify stress 
concentration in composites through failure theories such as 
the Point Stress Criterion (PSC) and Average Stress Criterion 
(ASC)12-14. Since these analyses are primarily carried out in 
composite materials reinforced only with synthetic fibers, it 
is important to apply models to composites reinforced with 
natural fibers such as jute, which are widely used in laminate 
composite structures.

This paper is distinctively 'innovative' because aims to 
conduct an in-depth investigation into the use of jute/glass 
hybrid composite laminates and the influence of different 
parameters associated with stress concentration on the 
mechanical properties and damage mechanisms involved, 
that until today, is focus to researchers in composites.
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In this respect, the present study assesses the mechanical 
response (strength and young’s modulus), macroscopic fracture 
characteristics, and residual properties (modulus and strength) 
of two hybrid composite laminates with a polymer matrix 
and geometric discontinuities in their longitudinal section, 
under the action of uniaxial tensile testing. These geometric 
discontinuities are characterized by a 6 mm circular hole 
and 3mm semicircular lateral notches (highlights that both 
have radius of 3mm).

Hybrid composite laminates are composed of an ortho-
terephthalic polyester matrix reinforced with four layers of 
bidirectional jute fiber and one central layer of E-glass fiber 
fabric, with a different fiber direction in the outer layers.

These configurations were developed for application in 
femoral prostheses, where E-glass fiber comes in the fact of 
having low cost and high potential of structural application, 
however the jute fiber, due it is not harmful to the environment. 
The RoHM (rule of hybrid mixtures) in not used because the 
transverse and shear properties (used to prostheses) due the 
spatial variation of microstresses inside the representative 
element volume is not effective15.

The laminate configurations aim to study the influence 
not only of their residual and mechanical properties, but 
also the anisotteropic behavior in the kind of geometric 
discontinuity (hole and lateral notch), due to the two different 
configurations on the outer layer of the composites.

In this study, stress concentration was investigated 
considering that changes in laminate strength are based on 
the experimental calculation of Residual Strength (RS) and 
Residual Modulus (RM), using the concepts determined by 
ASTM standard D 576616. Residual Strength was also used in 
the Point Stress Criterion (PSC) and Average Stress Criterion 
(ASC) failure theories for the semi-empirical calculation of 
distances (d0 and a0) around the hole and lateral notch, the 
area of failure stress 12-14.

Finally, macroscopic and microscopic analyses of final 
fracture characteristics were performed to understand the 
effects of the hole and lateral notch on the final fracture.

2. Materials and Methods

2.1 Laminate Configuration

The laminate is industrially manufactured and the matrix 
and fibers were provided by “Tecniplas Nordeste Indústria e 
Comércio Ltda”. The laminate was obtained using the hand 
lay-up process. The polyester resin is of industrial use because 
it has good impregnation and mechanical properties when 
used in polymeric composites 1. The raw material used as 
matrix was ortho-terephthalic polyester resin (NOVAPOL 
L-120) and as reinforcement flat bidirectional E-glass fiber 
fabric (GFF) (600 g/m2), and bidirectional jute fiber fabric 
(JFF) (306 g/m2). The laminates were manufactured using 
different configurations (Fig. 1). Fiber direction is related to 

the direction of the applied load. The first configuration is 
defined as [JFF(±45º)/JFF(0/90º)/GFF(0/90º)/JFF(0/90º)/
JFF(±45º)] (Figure 1(a)), and denominated L1. The second is 
defined as [JFF(0/90º)2/GFF(0/90º)/JFF(0/90º)2] (Figure 1(b)) 
and denominated L2. It should be noted that in Figure 1 the 
transparent layers representing the matrix are only illustrative, 
i.e. do not separate during the manufacturing process, since 
they are impregnated directly in the reinforcing layers of the 
laminate. It is important to remember that both configurations 
were manufactured using bidirectional fabrics with the same 
fiber bundle ratio in the weft and warp.

2.2 Specimens cutting and preparation

The dimensions of the unnotched specimens (L1U and 
L2U) were determined using ASTM D 3039 17 standard, 
while for test specimens with a 6 mm central hole (L1H and 
L2H), ASTM D 5766 standard. was applied 16. This standard 
was adapted to manufacture the test specimens with 3 mm 
semicircular lateral notches (L1N and L2N). The same 
dimensions as those employed for the hole (hole diameter is 
the same notch diameter) were used for these test specimens. 
The drills used to make the holes and the milling cutters to 
obtain the notches had diamond threads, to avoid possible 
irregularities on the surfaces of the discontinuities. Post-
drilling delaminations and microcracks were not observed in 
macroscopic analyse. Table 1 shows the main characteristics 
and dimensions of the test specimens. All test specimen 
dimensions were within the standard tolerance of ±1%.

2.3 Density testing

The volumetric density of the composites was determined 
using ASTM D 792 18. The samples were weighed on a digital 
balance with a maximum capacity of 210g and resolution 
of 0.1 mg.

2.4 Tensile Test

Uniaxial tensile testing was conducted to determine tensile 
strength and longitudinal young’s modulus (in the direction 
of the applied load) of the composite laminates. Therefore, 
eight specimens for each condition were confectioned, 
obtaining five tests considered as valid according to the 
technical standard. Displacement velocity in uniaxial tensile 
testing was 1.0 mm/min (standard) for all test specimens. 
All tests were carried out at ambient temperature using a 
mechanical universal testing machine (Shimadzu AGI-250 
KN) with maximum capacity of 25 T.

Highlighting is done for calculation of the Young’s 
modulus it is determined considering the stress and strain 
values up to about 50% of the breaking load, in order to avoid 
influence of damage on it. This procedure was adopted to 
calculate Young’s modulus of all the specimens.

The influence of losses in tensile strength and Young’s 
modulus in the composite laminates, due to geometric 
discontinuity, will be studied using Residual Strength (RS) 
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and Residual Modulus (RM) of the composite laminates 
16,19,20, which are defined as:

					            (1)

					            (2)

where σNotched is defined as the ultimate tensile strength 
of test specimens with geometric discontinuity (calculated 
in the largest cross-sectional area, according to ASTM D 
5766 15 standard); σUnnotched is the ultimate tensile strength of 
test specimens with no geometric discontinuity (calculated 
in the largest cross-sectional area, according to ASTM D 
3039 17 standard); ENotched and EUnnotched correspond to the 
longitudinal Young’s modulus of test specimens with and 
without geometric discontinuity, respectively.

The characteristic distances (a0 and d0) were calculated 
according to the Point Stress Criterion (PSC) and Average 

Stress Criterion (ASC) failure theories; these will be discussed 
in greater detail in the results.

2.5 Fracture analysis in mechanical testing

The fracture region was macroscopically analyzed to 
study the final fracture characteristic (previously fractured 
test specimens). Macroscopic analysis of the fracture involved 
scanner verification of the fracture process along the entire 
length of the test specimen. Microscopic analysis was 
performed by SEM like a comparative study of final fracture.

3. Results and discussion

3.1 Volumetric density

The average value of the volumetric densities for the 
composite laminates are: L1 (1.25 g/cm3) and L2 (1.26 g/cm3). 
It can be seen that both composite laminates have low 
densities, which is excellent for applications in lightweight 

Figura 1. Configurations of Hybrid Composite Laminates: (a) L1; (b) L2. 

Table 1. Characteristics and dimensions of test specimens.

Laminate 
Configuration Specimen Name Definition Specimen Length Specimen Width Specimen Gage

L1

L1U Unnotched 250 mm 25 mm

127 mm

L1H Hole diameter = 6.0 mm 200 mm 36 mm

L1N Notch radius = 3.0 mm 250 mm 36 mm

L2

L2U Unnotched 250 mm 25 mm

L2H Hole diameter = 6.0 mm 250 mm 36 mm

L2N Notch radius = 3.0 mm 250 mm 36 mm

RS
Unnotched

Notched

v
v=

RM E
E

Unnotched

Notched=
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structures. It is also emphasized that the two laminates can 
be considered having the same volumetric density, not having 
any influence of volumetric density on the results obtained 
with respect to the final response of the material.

3.2 Tensile Tests - Unnotched Specimens

The influence of anisotropy is related to the mechanical 
response of composite laminates L1 and L2 in the uniaxial 
tensile test of the unnotched test specimens (L1U and 
L2U). Figure 2 shows the stress x strain behavior for the 
two configurations obtained by the mean of the valid test 
curves, for at least five specimens, according to the technical 
standard 16. The average values obtained for tensile strength 
and Young’s modulus (in the direction of the applied load) 
are presented in Table 2, as well as their respective standard 
deviations. Young’s modulus of the all composite laminates 
were determined using the stress and strain values before 
damage, in order to prevent their possible influence on the 
results.

Hybrid composite laminates containing natural fibers 
exhibit standard deviations within an acceptable margin 21. 
It is important to highlight that the presence of fibers with 
different mechanical and physical properties in a composite 
laminate may cause high dispersions when compared to 
laminates reinforced with a single fiber type, primarily in 
the case of synthetic fibers 1,22. All dispersions on this paper 
are characterized by the absolute difference between the 
maximum and minimum values found in the tests.

The results show that placing fibers at ±45° to the 
direction of the applied load in the outer layer of laminate 
L1, when compared to laminate L2, resulted in an increase 
in both strength (30.80%) and Young’s modulus, (7.33%). 

The outer layers with fibers at 0/90° produced a lower load at 
the onset, influencing the final tensile result of the laminate.

Lautenschläger et al. 23 focused on the influence of 
two fillers with different particle shape on the tensile and 
flexural properties of SMC and BMC; thus they concluded 
that the tensile mechanical properties of the jute nonwoven 
reinforced SMC material are quite high compared to the 
values of jute reinforced composite found in literature and 
that there was also anisotropy influence on the tensile final 
mechanical behavior (50 MPa for nonwoven SMC C 0° and 
81 MPa for nonwoven SMC C 90°).

With respect to fracture characteristics, although 
test specimens L1U and L2U showed no saturation in 
matrix fissuring, fissures transverse to the applied load are 
concentrated in the region of the final fracture. Fiber pull-out 
(nonadherence of the fiber/matrix interface) was observed in 
the central layer (bidirectional glass fiber tissue), as shown in 
Figure 3. In macroscopic analysis of the damage sustained, 
LGM (Lateral Gage Middle) was the type of final fracture, 
according to ASTM D 3039 17 standard, for

3.3 Tensile Tests - Open Hole Specimens

The influence of a central hole on the mechanical properties 
of composite laminates (specimens L1H and L2H) is shown 
in Figure 4, using profiles shown on a stress x strain diagram, 
obtained by the mean of the valid test curves, for at least 5 
specimens, according to the technical standard 16. Table 3 
shows the average values obtained for tensile strength and 
Young’s modulus (in the diection of the applied load), as 
well as their respective standard deviations.

As observed for the condition without discontinuities, 
the standard deviations exhibited are within an acceptable 
margin, given that, in addition to the presence of different 
types of reinforcements, discontinuity induces a greater 
variation in the results obtained, thereby increasing result 
dispersion 18. In the case of test specimens with no geometric 
discontinuity, L1H shows an increase in strength (35.97%). On 
the other hand, in relation to young’s modulus, test specimens 
L1H exhibited a decline of 26.77%, when compared to test 
specimens L2H, demonstrating that a central hole affects 
laminate L1 more than laminate L2.

With respect to macroscopic analysis of the fracture 
(Figure 5), there were no significant differences in test 
specimens with a hole (L1H, L2H) compared to test 
specimens L1U and L2U. In other words, the final fracture 
was localized, with fiber pull-out and LGM 17.

3.4 Tensile Tests - Lateral Notched Specimens

As with test specimens with a hole, Figure 6 shows the 
profiles of stress x strain behavior obtained by the mean of 
the valid test curves, for at least 5 specimens, according to 
the technical standard 16. Table 4 shows the average values 
obtained for tensile strength and young’s modulus (in the 

Figure 2. Stress x strain diagram - Unnotched test specimens. 

Table 2. Mechanical properties – Unnotched test specimens.

SPECIMEN Tensile Strength 
(MPa)

Young’s Modulus 
(GPa)

L1U 58.25 ± 1.09 3.00 ± 0.12

L2U 40.31 ± 2.69 2.78 ± 0.16
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direction of applied load), as well as their respective standard 
deviations.

In contrast to that exhibited by other test specimens, the 
influence of semicircular lateral notches on young’s modulus 
(0.39%) was within the margin of dispersion. However, this 
influence is greater on the strength (44.54%) of L1N test 
specimens when compared to the L2N laminate.

Macroscopic analysis of the fracture showed no differences 
between unnotched test specimens with a hole and with a 
notch, given that the LGM fracture 16 demonstrated fiber 
pull-out (Figure 7).

3.5 Comparative Studies - Geometric 
Discontinuities/Laminates L1 and L2. 

The stress versus strain diagram for composite laminate L1 
(Figure 8) shows that the presence of geometric discontinuities 
has no influence on the initial profile of mechanical response 
(obtained by the mean of the valid test curves). With respect 
to laminate L1 test specimens, that is, L1U, L1H and L1N, 
there is linearity between stress and strain up to a certain 

load, namely, the initial damage load, in each condition 
studied. Another factor that can influence this behavior 
is the presence of shearing, added to traction, due to the 
direction of outer layer fibers in relation to the direction of 
the load. It is important to underscore that this behavior is 
typical of an orthotropic composite with reinforcement at 
45º to the applied load 21.

However, in relation to losses and/or gains in mechanical 
properties, young’s modulus in the region before the onset 
of damage (identified by the change in the slope of the 
graph), is noteworthy; that is, the greatest influence was for 
specimens with a central hole (L1H).

This same behavior profile can be observed for the stress 
versus strain diagram in laminate L2 (Figure 9, obtained by 
the mean of the valid test curves). Geometric discontinuity, 
whether a hole or lateral notches, exhibited little influence 
on the young’s modulus of the laminate, when compared 
to tensile strength.

The little influence of Young’s modulus (except L1H) 
results in the calculation of distances a0 and d0, whereby, 
according to failure theories PSC and ASC, the concentration 
factors of stress K can be considered factors dependent only 
on geometry.

A hybrid bio-composite in the form of pultruded layers 
manufactured with jute bio-fibers, combined with unidirectional 
roving E-glass, and embedded in a polymeric matrix was 
chosen for Shane Johnson et al. 24, without which stress strain 
curves are generated for these dually reinforced systems in 
transverse, axial and shear modes to calibrate the nonlinear 
parameters for computational models. The results show that 
all of the models match the full-field TSA and DIC results 
under a multi-axial state of stress; however, the Anisotropic 
Potential Theory (APT) model showed more response at 
stress concentrations than the Anisotropic Deformation 
Theory (ADT) model. Thus, the bio-composite reinforced 
by jute presents good application with respect to possible 
structural applications.

3.6 Experimental Residual Properties

Residual Strength (RSEXP) and Residual Modulus (RMEXP), 
according to 16,19,20, were calculated from Equations (1) and 
(2) for all configurations (Figures 10 and 11).

Figure 3. Characteristic of final fracture in tensile testing for: (a) L1U, (b) L2U. 

Figure 4. Stress x strain diagram - Test specimen with central hole. 

Table 3. Mechanical properties – Test specimens with central hole.

SPECIMEN Tensile Strength 
(MPa)

Young’s Modulus 
(GPa)

L1H 51.82 ± 3.12 1.86 ± 0.24

L2H 33.18 ± 2.98 2.54 ± 0.24
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 Analysis of residual properties (tensile strength) shows 
that laminates L1 and L2 (influence of the configuration) 
exhibit different behaviors in relation to the type of geometric 
discontinuity. In the case of laminate L1, a greater influence 
of the central hole (11.04%, versus 8.58%, for semicircular 
notches) was observed. It is important to highlight that 
this difference is within the margin of test dispersion 
(Figure 10). In laminate L2, however, the greater loss was 
found for semicircular notches (26.74%, versus 17.69% for 
the central hole).

Analysis of Young’s modulus showed greater sensitivity 
to discontinuity in laminate L1, regardless of the type of 
discontinuity. On the other hand, considering the margins 
of dispersion of the tests, L2 exhibited no influence of 
discontinuity (both central hole and semicircular notches) 
on Young’s modulus.

3.7 PSC and ASC Failure Theories

Over the years, a number of criteria have attempted to 
predict the Residual Strength of composites in the presence 
of a circular hole, highlighting the Point-Stress Criterion 
(PSC) and Average-Stress Criterion (ASC) failure theories. 
However, for semicircular notches, these theories have yet to 
be frequently applied. Thus, an extended analysis of this type 
of geometric discontinuity is needed to compare behaviors 
in terms of the effect of stress concentration.

The PSC assumes that failure will occur when stress 
(σN) at a certain small fixed distance d0 ahead of the hole 
boundary first reaches tensile strength σf of the material (or 
the tensile strength of the plate without a hole, σUN) 25,26. 
According to Whitney and Nuismer 27 this residual strength 
can be expressed by:

					            (3)

Where:

					            (4)

Where R is defined as the hole radius and K the stress 
concentration factor.

The ASC assumes that the failure will occur when the 
average value of the stress (σN) over some small fixed distance 
a0 ahead of the hole boundary first reaches the tensile strength 
σf of the material (or the tensile strength of the plate without 
a hole, σUN) 25,26. According to Whitney and Nuismer 27 this 
residual strength can be expressed by:

					            (5)

Where:

					            (6)

Figure 5. Characteristic of the final fracture in tensile testing for (a) L1H, (b) L2H. 

Figure 6. Stress x strain diagram - Test specimens with a lateral 
notches. 

Table 4. Mechanical properties – Test specimens with lateral notches.

SPECIMEN Tensile Strength 
(MPa)

Young’s Modulus 
(GPa)

L1N 53.25 ± 1.82 2.58 ± 0.12

L2N 29.53 ± 1.84 2.57 ± 0.13
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K2 3 3 5 7
2

PSC
UN

N

1
2

1
4

1
6

1
8v

v
p p p p

= =
+ + - - -Q QV V

R
R d1

0
p =

+Q V

RS
K2 3

2 1
ASC

UN

N

2
2

2
4

2
6

2
8

2

v
v

p p p p
p

= =
- - + - -

-Q
Q Q

V
V V

R
R a2

0
p =

+Q V



7Failure Theories and Notch Type Effects on the Mechanical Properties of Jute-Glass Hybrid Composite 
Laminates

Where R is also defined as the hole radius and K the 
stress concentration factor.

It is worth noting that for isotropic or quasi-isotropic 
materials, the value of K is assumed to be 3.0 in both criteria. 
The values of characteristic distances d0 and a0 are generally 
determined by the averages of the experimental data curves 
obtained through the tensile test of several specimens with 
different hole sizes, and in some literature data, 24d0 equals 
1.0 mm and a03.75mm. The models also assume that the 

values of distances d0 and a0 depend on the fiber/matrix 
system and laminate configuration.

Thus, the purpose is to determine these distances semi-
empirically, that is, considering the PSC and ASC failure 
models and the RS values for both L1 and L2 configurations 
(with hole and lateral notches). For the semi-empirical 
calculation of d0 and a0, K = 2.58 was used for hole specimens 
and 2.36 for notched specimens, determined solely in relation 
to the geometry of the specimen, 11,19 since K = 3.0 could 
not be used because both configurations were orthotropic.

Considering the stress concentration factor only as a 
function of geometry is also based on the behaviors exhibited 
by laminates L1 and L2, in terms of Young’s modulus, that is, 

Figure 7. Characteristics of the final fracture in tensile testing for (a) L1N, (b) L2N. 

Figure 8. Stress x strain graph - Laminate L1. 

Figure 9. Stress x strain graph - Laminate L2. 

Figure 10. Residual strength - Composite laminates L1 and L2. 

Figure 11. Residual moduli - Composite laminates L1 and L2. 
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Table 5 . Values of d0 and a0 with the respective percentages of η.

Configuration Stress Concentration 
Factor K PSCd0(mm) η (%) ASCa0(mm) η (%)

L1H 2.58 3.7 24.7 17.0 113.0

L1N 2.36 5.0 33.3 20.0 133.0

*L2H 2.58 2.9 19.7 11.5 76.7

L2N 2.36 2.1 14.0 7.0 46.7
*Values from reference 15

they exhibited little influence from geometric discontinuities 
(Figures 8 and 9).

For a better agreement on the characteristic distances d0 
and a0, a percentage of reference of these distances regarding 
the liquid width of the plate “η” (region of performance of 
stress concentration) is determined. The liquid width of the 
plate “η” is determined by Equation 7, being W the width 
of the largest section of area of the specimens (36 mm) and 
R the hole and notch radius (3 mm) 17:

					            (7)

The values of the characteristic distances for both criteria, 
as well as the percentage differences in relation to “η”, are 
listed in Table 5.

The semi-empirical values of the characteristic distances 
for L1 and L2 showed that the use of the simplified value 
of K, that is, determined solely in relation to the geometry, 
exhibits good agreement, mainly regarding the percentage of 
the stress concentration region only for the PSC theory, for 
samples with a central hole or lateral notches. With respect 
to the ASC theory, the characteristic distances did not show 
good agreement, since in all other specimens the value of 
a0 was very similar to that of the region furthest from the 
boundary of the hole or the center of the specimen (for lateral 
notch specimens), regions in which stress concentration is 
minimized, irrespective of the nature of the material and 
type of geometric discontinuity. η values greater than 100% 
(L1H and L1N) mean that the characteristic distance showed 
a higher value than the width of the samples, that is, a point 
outside the test specimen, which, once again, corroborates 
the non-validation of the ASC theory.

The use of geometric K and RS values greater than or 
equal to 0.9 (L1H, L1N and L2H) results in non-validated 
characteristic distance a0. When the RS value is near 1.0, the 
fracture stress of the plate with no discontinuity is close to 
that of the plate with discontinuity, that is, the influence of 
stress concentration is minimized, resulting in non-conformity 
with failure theories, especially the ASC.

Comparison of the values found for L1 and L2 with 
those reported in the literature (RS = 0.7, d0 = 1.85 mm 
and a0 = 5.75 mm) 1 for isotropic (RS = 0.82, d0 = 3.1 mm 

and a0 = 12.2 mm) 19 and anisotropic laminates reinforced 
with glass fibers shows that only the PSC theory exhibited 
good agreement.

3.8 Comparative Studies - SEM analysis.

With the aiming of validated the results microscopic 
analysis of the final fracture is observed in Figure 12 for 
all conditions studied.

For L1U and L2U specimens the transverse microcracking 
of the matrix was observed, as well as glass fiber pull-out. 
This phenomenon is due to fiber/matrix debonding caused by 
the propagation of microcracking at the interface 6,7. Adhesive 
fractures were also observed at the fiber/matrix interface 
and cohesive fracture in the matrix. In relation to the L1H, 
L2H, L1N and L2N specimens the geometric discontinuity 
presence did not significantly modify the final fracture, since 
microcracks, adhesive and cohesive fractures were found.

For all specimens in the final fracture section, the total 
rupture of the jute fibers is observed, that is, without fiber 
pull-out. This phenomenon can be explained by the fact that 
the fiber tensile strength is less than the tensile strength of 
the fiber/matrix interface.

The main difference found in the fracture modes was 
the fact that the specimens with the presence of geometric 
discontinuity have the localized damage in the stress 
concentrations region, close to the hole and notch, remaining 
the specimens without the presence of notable damage in 
the regions distant from the final fracture.

4. Conclusions

With respect to residual strength, both configurations 
showed a negative influence of a hole and lateral notch. For 
configuration L1, the influence of the hole was slightly higher 
(2.63%) than that of the lateral notch. For configuration L2, 
on the other hand, the greater influence was observed for 
the lateral notch, almost 11%.

Laminate L1 showed less load support loss than 
that of laminate L2, regardless of the type of geometric 
discontinuity, 31% L1U higher than L2U, 36% L1H higher 
than L2H and 44% L1N higher than L2N, with respect to 
tensile strength. These results exhibit coherence with the 

W R2h = -



9Failure Theories and Notch Type Effects on the Mechanical Properties of Jute-Glass Hybrid Composite 
Laminates

Figure 12. SEM analysis - Composite laminates L1 and L2. 

greatest d0 distances, showing a certain dispersion in the 
stress concentration region. Shearing in the outer layers of 
laminate L1 may explain this behavior, since studies show 
that placing fibers at ±45° in the presence of a central hole 
causes greater residual strength 1.

Residual modulus shows higher sensitivity to discontinuity 
of laminate L1, 0.62 and 0.86 for hole and lateral notches 

respectively. For laminate L2 (RM next to 0.92), on the 
other hand, the margins of dispersion demonstrate that there 
was no influence from discontinuity (both hole and lateral 
notches) on the longitudinal Young’s modulus.

 The mechanism of final damage of the composites 
studied showed the same fracture characterisitcs, that is, LGM 
(Lateral - gage - middle), regardless of type of configuration 
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or geometric discontinuity. One damage characteristic, glass 
fiber pull-out, cohesive and adhesive fractures were also 
obtained for all conditions studied.

With respect to the semi-empirical distances found in 
both failure criteria, when using K (2.36 and 2.58) determined 
solely in relation to the geometry, of the specimens, good 
agreement was found only for the PSC theory, since the 
highest value of d0 was 5 mm.
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