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Effects of Amount of Glass Fiber Laminate Skins in Sandwich Composite of Filled Core
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The purpose of this work is the study of the mechanical behavior of two different sandwich 
composite in static and fatigue analysis of three-point bending, using different amount of glass fiber 
laminated as skins, remaining with same total thickness. The specimens are composed of glass fiber 
cloth and epoxy resin. The static tests provided the mechanical properties used in numerical simulations 
as well as fatigue tests analysis. Applying controlled displacement, it was analyzed load reactions, 
lifetime and failure modes during fatigue tests. Identifying the failures modes in microscopic analyses 
it was perceived adhesive fracture in fiber/matrix as first damage and core rupture as ultimate damage. 

Keywords: Sandwich Composite, Mechanical Properties, Numerical Simulation, Fatigue, 
Fracture Analysis.
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1. Introduction

Studies on composite materials reinforced with fibers 
are becoming more evident every day due to their high 
applicability in several engineering sectors1,2. These materials 
can exhibit excellent properties due to the possible combination 
of different materials and fiber orientations, producing 
structures optimized and specific for certain loads3-6. One 
of the most used material in this context are the sandwich 
composite materials.

Sandwich composite materials are consisted on a structural 
plate made of two high strength external skins bonded 
on a low strength core7. The skins withstand the bending 
stresses and give the structure hardwearing surface whereas 
light core material carries the shear stresses generated by 
loads, distributing them over a larger area8,9. An advantage 
of this materials is related to their high strength to weight 
ratio, being suitable for use in application that require low 
weight, such as aerospace10. The use of glass fiber laminates 
as skins of sandwich composite provide benefits like best 
cost/benefit ratio between the reinforcements offered for 
manufacturing polymer composites11. Commonly glass fibers 
are used in applications that require an increase in strength, 
but not in high performance due to limitations comparing 
with carbon fibers12.

Failure of laminated composites is a complex phenomenon 
that involves matrix cracking, delamination and fiber 
breaking13. These failures modes may be even more complex 
when dealing with sandwich composites, where others failure 
modes appear as plastic deformation, buckling of skins, 
wrinkling, and core shear14. In the last years some studies 

on fatigue behavior of sandwich composite became more 
evident14,15. Due to wide materials combination which can be 
used to build the core and the faces of the sandwich structure 
and existence of different types of fatigue tests this field of 
knowledge still open to news studies. Epoxy resins currently 
stands out among the thermosets due to their performance 
and high applicability, as in fiber reinforced materials16. The 
high viscosity of these resins at room temperature allows 
good adhesion and formability to complex surfaces17.

The fatigue behavior of sandwich beams under three point 
bending were performed by Mahi et al.18 They used laminated 
[0/90]s glass fiber skins and foam core. The degradation 
and concept of fatigue modulus was introduced to predict 
the life of composite material. During fatigue loading, the 
stress-strain curve reflects the reduction in the modulus. Bey 
at al.14showed a transition between failure modes in sandwich 
beams under fatigue loading highlighting the transition of 
shear failure of core to the tensile failure of face laminate as 
function of loading amplitude. Belingardi el al.8 showed that 
to establish the magnitude of the reduction in the fatigue life is 
a fairly difficult task because defects caused by manufacturing 
processes, such as core damage, interface debonding. Burman 
et al.19 proposed a simple approach to determine the fatigue 
life of sandwich components where damage are presents based 
on the reduction of the fatigue strength of the undamaged 
component by means of a multiplying factor.

It is important to know the fatigue behavior of laminated 
used as face skins of sandwich structures because normally 
its receive the highest loads20,21. Studying the fatigue behavior 
in glass fibers non-crimp-fabric (NCF) laminates reinforced 
epoxy, Gagel et al.22,23 realized the formation of cracks and 
stiffness degradation subjected to tensile fatigue loading and 
concluded that some of the micro-crack formation processes 
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are the same as under quasi-static loading. Aono el al.24 
performing fatigue tests at stress ratio R = -1 and R = 0,1 
on [+45/-45] glass fibers NCF laminates observed higher 
fatigue life for lower stress ratio and different failure modes.

In this context it becomes important to identify the 
influence of the use of different amounts of layers on fatigue 
behavior in sandwich composite mainly in bending loads, 
because this would result in optimized composites besides 
allowing reduction of weight and cost. In this work the fatigue 
life was determined for two different sandwich composites 
highlighting the influence of using different amounts of glass 
fibers laminate as skins remaining the same total thickness 
of the sandwich. The sandwiches were manufactured using 
a simple core of epoxy resin and a laminated [0/90] s woven 
glass fibers skins. The study was based on experimental 
analysis and numerical simulation, under static and dynamic 
bending loading. Microscopic analysis was performed in 
different stages to understand the characteristic of fracture 
mechanics.

2. Materials and Methods

2.1 Materials - reinforcement and resin

To accomplish the study, two different sandwich 
composites laminated were created. It was used as skins 
of sandwich, plain weave glass-fiber cross-ply [0/90]s 
(200 g/m2) supplied by Owens Corning-Brazil and epoxy 
resin Renlam M using hardener Aradur HY 951 provided by 
Huntsman-Brazil. The core was filled with the same epoxy 
resin. The difference between sandwiches are given by the 
thickness of the laminate and core, where both have total 
thickness of 3 mm, but one sandwich composite using three 
layers (SC3L) and the other one using five layers (SC5L).

2.2 Manufacturing of sandwich composite

Firstly, two laminates shins, one with three layers and 
other with five layers, were performed by manual lamination 
manufacturing (hand lay-up) where the epoxy resin mixed 
with hardener (10:1 weight ratio), was homogeneous spread 
over each layer obtaining volumetric fraction 40% fibers. 
Soon after, the vacuum bag lamination process, was conducted 
on flat mold at room temperature, with 75 KPa, obtaining 
resin compaction and distribution. After seven days curing 
at room temperature, part of the laminated was separated to 
obtain at least five specimens for each mechanical test and 
another part was separated to prepare the sandwich composite.

The sandwich composites were performed using a 
particular thickness mold between the skins for each 
laminate in order to obtain the same total thickness for 
both sandwiches. The process consists in put the mold with 
closed side edges above a part of laminate, filling until the 
top edges with epoxy resin and put another part of laminate 
over it with a distributed pressure of 4 KPa during the cure 

at room temperature. Soon after the mold was removed and 
the specimens were produced. The idea of using a core filled 
with epoxy resin is due to ease of construction and provide 
better adhesion between core and face, necessary especially 
for failure analysis in the fatigue tests.

2.3 Tensile and flexural tests

The uniaxial tensile tests were performed in each 
material of the sandwich composite individually using 
Universal Mechanical Test Machine SHIMADZU AG-X Plus, 
Figure 1. For laminate faces, five specimens were analyzed 
according to ASTM D303925 standard using 3 layers with 
dimensions 0.55 mm thickness, 25 mm width and 250 mm 
length using tabs at the ends of the specimens. It was used 
cross-head speed 2 mm.min-1 with room temperature 25ºC. 
The dimensions have tolerances of 1%. For epoxy resin five 
specimens created using molds, were analyzed according 
to ASTM D63826 standard with dimensions 165 mm length 
13 mm width and 3.2 mm thickness.

The three-point bending test was performed according 
BS EN 256227 Standard for both sandwich composites 
proposed, Figure 2. It was used the Universal Mechanical 
Test Machine SHIMADZU AG-X Plus at cross-head speed 
2 mm.min-1. Five specimens for each sandwich composite 
were analyzed with dimensions 100 mm length, 10 mm 
width and 3 mm thickness.

2.4 Bending fatigue tests

In order to analyze the sandwich composites under 
cyclic efforts influence, it was used a three-point flat bending 
fatigue machine, Figure 3, based in ASTM D7774-1228. It 
uses span of 80mm, frequency of 14.25 Hz and provide 
a stress ratio R equal to -1. It was used five specimens of 
each sandwich composite using sinusoidal wave form with 
maximum displacement of 2 mm. The tests were performed 
at room temperature. The reaction efforts in the strain gages 
are processes by Spider 8 data acquisition and Catman 
software in real time recognizing force amplitude and life 
of specimens. The core rupture was taken as limit life value 
to finish the test.

2.5 Numerical simulation

Finite Elements Model was used to analyze the sandwich 
composite behavior during one cyclic in fatigue test, Figure 
4 (a) and Figure 4 (b). The models were discretized using 
20000 hexahedron solid elements with 1 mm size and 1st 
order shape function through Hypermesh software. As it 
was used small displacement, small thickness, cross-ply 
glass fiber cloth and the efforts in bending fatigue generate 
only axial stresses, the material models were considered 
isotropic to simplify the solver inputs. Sandwich plate 
can be considered isotropic when the core is made of an 
isotropic or transversely isotropic material and the top and 
bottom skins are made of identical isotropic materials or 
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Figure 1. Tensile test (a) laminated and (b) epoxy resin

Figure 2. Flexural test of sandwich composite specimens.

are identical quasi-isotropic laminates29. Contact surface 
was created between sandwich composite elements and 
cylindrical support surface, Figure 4 (c). The simulations 
were carried out using the RADIOSS software, which has a 
robust explicit formulation to simulate nonlinearities from 
the contact. A vertical displacement of 2 mm was imposed 
on the central support, ensuring remained stress within the 
elastic regime. The results were analyzed using HyperView, 
identifying stress distribution in the specimens.

2.6 Fractures analysis

A qualitative analysis of the specimens was performed 
in order to observe the reason for the loss of resistance 
of the material during the fatigue tests. This analysis was 
made in two stages, at the beginning of the failure and after 
the complete failure of the material. The specimens were 
examined microscopically through the Scanning Electron 
Microscope HITACHI TM 3000.

Figure 3. Three-point fatigue machine mechanism
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Figure 4. Finite Elements Model of the specimens, (a) SC3L and (b) SC5L and (c) three-point bending supports.

3. Results and Discussion

3.1 Mechanical properties - tensile and flexural 
tests

Mechanical behavior related to tensile tests of epoxy 
resin and cross-ply glass fiber laminate are shown from the 
stress-strain diagram, Figure 5. It can be observed a sudden 
failure in both materials. The epoxy resin shows average 
strain values around 4% e 5% with linear elastic modulus 
until 40% of tensile strength, while the laminate shows less 
deformation, 2% and linear elastic modulus until the final 
failure of the material.

The average values of tensile modulus and tensile strength 
of epoxy resin and cross-ply glass fiber laminate as well 
as respective standard deviation are shown in the Table 1.

The Load x Displacement diagram during three-point 
bending is shown in Figure 6, for both sandwich composite, 

Figure 5. Stress x Strain diagram in tensile test (a) Epoxy resin; (b) Glass fiber laminate.

Table 1. Mechanical properties- woven glass fiber laminate and 
epoxy resin – tensile test

Mechanical Properties

Material Tensile Strength 
(MPa)

Elasticity Modulus 
(GPa)

Woven Glass

Fiber laminate 329.15 ± 30.07 16.14 ± 2.09

Epoxy resin 19.08 ± 2.02 1.60 ± 0.20

SC3L and SC5L. It is possible to observe a linear behavior 
during the test with superior flexural properties of the 
sandwich composite for SC5L.

Observing the Table 2, the Elasticity Modulus of SC5L 
is superior 34.96% when compared with SC3L and the 
Flexural Strength is almost the same due to no difference 
in total thickness.
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Figure 6. Load x Displacement diagram in flexural test (a) SC3L; (b) SC5L.

Table 2. Mechanical properties- sandwich composite laminate – 
flexural test

Mechanical Properties

Material Flexural Strength 
(MPa)

Elasticity Modulus 
(GPa)

SC3L 292.76 ± 5.30 12.70 ± 1.10

SC5L 293.43 ± 5.80 17.14 ± 0.83

3.2 Numerical simulation
From the results obtained by static tests it was possible to 

perform numerical simulation, getting results of stress (σxx) 
along thickness for SC3L and SC5L as shown in Figure 7. As 
expected, the highest stress values are in outer layers and 
decreases as it approaches to the core center. It can be note 
low maximum stress in the core, 2 MPa to SC3L and 4 
MPa to SC5L. The large difference in the elastic modulus 
between core and skins provided skins stress around 90 MPa 
in both sandwiches.

The Figure 8 shows the stress distribution during half 
cycle in fatigue tests for SC3L and SC5L respectively, which 
can be highlighted a higher stress during compression due 
to contact stress.

The numerical model used in the simulations shows stress 
coming from an equivalent elasticity modulus of laminated 
skins. It does not provide detailed stress of interface regions.

3.3 Fatigue results

The reaction load and number of cycles with respective 
standard deviation were studied for each sandwich composite 
and are shown on Table 3. The monitored of reaction load 
allowed collect the bending stiffness of the specimens and 
information about possible crack propagation, fibers rupture 
and delamination that reduce the sandwich structural properties 
with fatigue cycling.

It was possible to note, although the SC5L contains higher 
amounts of fiberglass, this does not ensure a longer life in 
fatigue, but certainly higher load reaction. The specimens 
of SC5L showed slightly lower fatigue lifetime than SC3L.

The fatigue failure of sandwich composites occurred 
around 6e+05 cycles applying 30% of the ultimate tensile 
strength. Despite good approach when assuming homogenous 
materials in the static test simulation, it is important in the 
dynamic tests to analyze the stress in the regions of interface 
fiber/matrix.

3. 4 Characteristic of mechanical fracture- 
fatigue tests

A microscopic analysis of each sandwich composite was 
performed to verify the failures like delamination and crack 
propagation in fatigue test. In Figure 9 it is possible to notice 
a side view of SC3L and SC5L. Although the numerical 

Figure 7. Stress x Thickness for (a)SC3L; (b) SC5L.
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Figure 8. Stress (σXX) distribution in numerical simulation for (a) SC3L and (b) SC5L.

Table 3. Results of fatigue tests

Material Load (N) Number of cycles

SC3L 57 ± 3 6.82E+05 ± 4.79E+04

SC5L 77 ± 3.60 6.13E+05 ± 8.90E+04

Figure 9. Beginning of failure inside the laminate for (a) SC3L and (b) SC5L 

simulation results show higher stresses on the outer skins 
of the sandwich, through the microscopic analysis of the 
beginning failure it is possible to observe in the middle skins, 
the adhesive fracture of fiber/matrix. Similar results were 
obtained by Beyene and Belingardi30. This fracture occurs 
specifically on the resin of the fibers perpendicular to length.

When the final failure occurs, the crack propagated 
completely in the core, Figure 10. At this moment some fibers 
have already broken but the remaining fibers still holding 
the material together. Furthermore, it can be observed more 
expressive damage in SC5L as delamination between core 
and skins, total core rupture losing cohesion.

Macroscopically, the specimens exhibit a whitened area 
in fracture region, Figure 11, located in the cross-section of 
specimens, near the central support. This area, characterized 
by fracture adhesive, can also be seen in static bending 

tests, as shown in the work developed by Felipe et al6 and 
Chemami et al31, representing crack locations in the matrix.

4. Conclusion

Through the experimental analysis (static and fatigue 
bending) and the numerical simulation of two configurations 
of sandwich composites, the main conclusion are obtained 
as follows:

•	 Despite the use of higher amount of glass fibers in 
SC5L, static tests showed the same flexural strength 
between SC5L and SC3L. However, the Elasticity 
Modulus increased 34,96%.

•	 Although the numerical simulation indicated a 
maximum stress in the lower and upper skins 
laminated, it was observed by microscopic analysis 
that the crack began inside the laminate in fiber/
matrix interface for both sandwiches.

•	 Regarding the fatigue tests, SC3L presented slightly 
better lifetime than SC5L using the same displacement, 
although the reaction efforts of SC5L was higher.
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Figure 10. Final failure of sandwich composites (a) SC3L and (b) SC5L

Figure 11. Fracture characteristic in the cross-section

•	 Through the fracture analysis, noted that both sandwich 
composite during fatigue tests, presented adhesive 
fracture on the resin of the fibers perpendicular 
to length as first stage of failure. After the end of 
the fatigue test, common types of damage such as 
delamination, fibers rupture, cracks were observed 
in both sandwiches, mainly in the SC5L.
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