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Abstract - With the development of technology, there is a need for different materials to replace the traditional materials. 
One of these materials is sandwich structures. In this study, the bending behavior of sandwich composite structures was 
investigated experimentally. Balsa wood as core material. Glass fiber reinforced composites were selected for the bottom 
and top surfaces. The sandwich structure is produced by using vacuum infusion method. The effects of balsa thickness and 
glass fiber orientation angle on bending properties were investigated by three point bending test.  As a result of the 
experiment, maximum normal stress on the bottom and top surfaces and the maximum shear stress on the interface were 
calculated. The effects of core material thickness and surface orientation angle on normal stress and shear stress were 

compared. In addition, the way balsa wood was fractured with help of high resolution industrial camera was examined. 
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I. INTRODUCTION 

 

With the development of today's technology, existing 

materials have difficulty in meeting the material 

needs of industries such as maritime, aviation and 

aerospace. One of the materials that best provision 

this need is composite. Sandwich structures are one 

of them. Due to its light weight, high strength / 

weight ratio, sandwich materials are more preferred 

today. 
The bottom and top surfaces of the middle part, called 

the core structure, are covered with a more durable 

material and the sandwich structure is obtained (Fig. 

1).It is preferred as the top and bottom surface 

material according to its composition.Low strength 

and lightweight materials are preferred for the core 

material depending on the location of the sandwich 

structure. Generally balsa wood, PVC foam and 

Honeycomb structures are preferred as core material. 

W.J. Cantwell, R. Scudamore, J. Ratcliffe and P. 

Davies [1], they studied interfacial adhesion 
properties in Balsa core sandwich structures.For this 

purpose, they have used a different test technique.In 

conclusion, they determined that the loading speed in 

the bending test caused significant changes in the 

experimental results. J. Dai and H. T. Hahn[2], they 

used balsa wood and H250 PVC foam as core 

material. They performed three and four point 

bending tests of these structures. As a result, they 

calculated the maximum stress values of the 

structure.They observed that the damage was in the 

core material and the interface. A. Uysal [3], balsa 

core sandwich structure used as wind turbine wing 
material. It has been observed that the obtained 

sandwich structure has higher stress values than only 

glass fiber reinforced composites. H.Yel [4], 

Cellulose films obtained from Lyocell fibers were 

glued to balsa wood and sandwich structure was 

obtained. Mechanical properties of the structure were 

investigated. C. atas and C. sevim [5], PVC foam and 

balsa wood as the core material used in the sandwich 

panels CEAST-Fractovis impact test device under the 

different loads have examined the reactions. As a 

result of the study, they analyzed the deterioration 

times of the samples, energy profile schemes and 

damaged samples. A. L. Duigou, J. M. Deux, P. 

Davies and C. Baley [6], They examined the 

production method and mechanical properties of a 
100% bio-derived sandwich material.They also 

compared the mechanical properties of this material 

and a sandwich material obtained from polyester and 

balsa. They observed that the strength of bio origin 

sandwich material was lower. J. A. Kepler [7], In the 

core structure, it produced sandwich composite using 

balsa wood in different arrangement forms.He 

investigated the shear stress and shear modulus 

values of the structure experimentally. M. Osei-

Antwi, J. D. Castro, A. P. Vassilopoulos and T. 

Keller [8], balsa wood of different density of each 
other and used them as a core material in sandwich 

structure. They examined the fracture loads under the 

bending load. As a result, they observed that fracture 

and surface debonding started in low density balsa. 

M. Borrega and L. J. Gibson [9],They examined the 

mechanical properties of Balsa wood due to density 

changes. They determined the mechanical properties 

of the materials under compression and bending 

loads. Y. Karaduman [10],It examined experimentally 

and numerically the bending, compression and impact 

strength values of natural fiber reinforced sandwich 

structures.It used balsa wood, polyester foam and 
honeycomb structure as core material. He observed 

that the bending moment and the bending module 

decreased as the sandwich thickness increased. C. 

kaboglu, S. Pimenta, A. Morris and J. P. Dear [11], 

used balsa wood, Tycor and Polyethylene 
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terephthalate in the core material of sandwich 

structures. Four-point bending test was applied to the 
structure. As a result, they achieved the highest shear 

stress in the balsa core sandwich structure. But they 

observed that the most fragile structure in the 

sandwich was balsa wood. H. Shi, W Liu and H. Fang 

[12], balsa core sandwich structures four-point 

bending and fatigue experiments. They used glass 

fiber reinforced composite material as surface 

material.As a result of the bending test, they observed 

that the sandwich structure was damaged due to shear 

stress and that there was a debonding in the bonding 

interface. 

 

 
Fig. 1. Sandwich composite plate 

 

In this study, three point bending test was applied to 

sandwich composite structures. As a core material, 

150 kg/m3 density balsa woods 4, 6, 8 and 10 mm 

thickness is used.The stratified glass fiber 

reinforcement composite materials having an 

orientation angle of [[±45]s, and [0/90]s are used as 

the surface material.Glass fiber fabrics weigh 300 

gr/m2.Composite structures were produced by 

vacuum infusion method.Composite materials were 
cut to appropriate sizes. Composite and balsa wood 

combined with adhesive.As a result of the bending 

test, maximum normal stress on the bottom and top 

surfaces and the maximum shear stress on the 

interface were calculated. In addition, the way balsa 

wood was fractured with help of high resolution 

industrial camera was examined. 

 

II. SANDVİÇ KOMPOZİT YAPILARIN 

ÜRETİLMESİ 

 

It was started with the production of composite 
materials for the production of sandwich structures. 

Vacuum infusion method is preferred for producing 

glass fiber reinforced composites. In this method, 

glass fiber fabrics are placed at the bottom. On top of 

it is placed peel ply, flow net and vacuum nylon on 

top(Fig. 2.b).  Subsequently, 70% of the weight of the 

fabric used was resin and hardener preparedMGS 

laminating epoxy resin L160 was used as resin 

material. 

 

he MGS lamination epoxy resin hardener LH160 was 
used as the hardener material. Mixture ratios of resin 

and hardener were chosen to be 100: 25 by weight. 

The liquid mixture was sent to the vacuum medium 

with the pump and the infusion process continued 
until all of the fabric was wet. (Fig 2.a). The finished 

composites were left in a vacuum environment for 24 

hours at room temperature and then allowed to cure at 

80°C for 4 hours. 

 

 
Fig 2.a-Production of composite materials b-Vacuuminfusion 

method 

 

Angular 

alignment 

Fibre Thickness 

(mm) 

Fibre densty 

gr/m2 

[±45]s 0,5±0,05 300 

[0/90]s 0,5±0,05 300 
Table1.Physical properties of fibres 

 

Matrix 
components 

Viscosity 
(mPas) 

Density 
(gr/cm3) 

Epoxy resin 700-900 1,13-1,17 

Hardener 10-50 0,96-1,00 
Table2.Physical properties of the components of the matrix 

 

As a result of the production, [± 45] s orientation 

angle composites have a thickness value between t = 

1,9-2,2mm. Fiber volume ratio was determined as 
59.50% and matrix volume ratio was determined as 

40.50%.[0/90] s direction angle composites have a 

thickness value of t = 2.1-2.2mm.Fiber volume ratio 

was found to be 55.17% and matrix volume ratio was 

44.83%. 

 

The composite materials and balsa woods, which 

have been produced, have been cut in the jigsaw 

machine according to ASTM 393 standards.The 

specimens were cut in width b = 25 mm and length L 

= 250 mm. The prepared glass fiber composite and 
balsa wood are combined to form a sandwich 

structure.For this purpose, balsa-composite interfaces 

were glued.Araldite AW 106 and Hardener HV953U 

were used as adhesives [13]. The mixture ratio was 

prepared as 100: 80 by weight. It was expected to dry 

the adhesives at room temperature for 24 hours by 

placing weights on the composites which were 

completed. 

 

Three samples were prepared for each parameter to 

be used in the three-point bending test of the samples 

and 24 samples were prepared for the total of 8 
parameters. 
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III. THREE POİNT BENDİNG TEST 

 
Three point bending test was performed to examine 

the bending behavior of the sandwich composite 

structures.The tests were carried out according to 

ASTM C393 standards.Fig. 3 represents the 

configuration of the three-point bending test used in 

sandwich composite structures. The distance between 

the supports is given here as L1. This value is 

standard for all samples and is taken as L1 = 150mm  

[14]. 

UTEST (25kN) bending-fatigue test device was used 

for experimental study.In the experiment, the loading 

speed was 6mm/min.the way balsa wood was 
fractured with help of high resolution industrial 

camera was examined. 

 
Fig. 3. Three-point bending test 

 

As a result of the experiment, load-deflection charts 

were obtained depending on the orientation angle of 

the sandwich structure and the thickness of the core 

material. With these values, it was assumed that the 

maximum stresses (σ) were formed on the bottom and 

top surfaces of the structure, and maximum shear 

stress (τ) was formed between the core material and 

the outer surfaces. 
Maximum shear stress in sandwich composite 

structure is obtained by equality (1)  [14]. 

 

τ =
P

(d+c)b
                                                        (1) 

 
P:Load (N),  

d: Total beam thickness (mm),  

c:Core thickness (mm)  

b: beam width (mm) 

 

Equation (2) was used to calculate the maximum 

stresses on the upper and lower surfaces. 

σ =
PL1

2t(d+c)b
                                                        (2) 

 

T: Top and bottom thickness(mm) 

L1:Distance between span (mm). 

Load-displacement graphs were obtained by three-

point bending test. The maximum load value is 

therefore determined. 

 

IV. CONCLUSİONS 

 
In this study, three point bending test was applied to 

the prepared samples. Three experiments were 

performed for each parameter. As a result of the 

experiments, critical P values were obtained and the 
equations were put in the equation (1) and (2) to 

calculate the maximum bending stress and the 

maximum shear stress between the surfaces.The 

average values of the data obtained in Table-3 are 

given. 

The highest critical load, as expected, was measured 

as 1310N in a 10mm balsa thickness with an 

orientation angle of [0/90]S. The lowest critical load 

value was measured as 680N in the structure with 4 

mm balsa thickness at [± 45]S  orientation angle.It 

was found that the maximum load value increased 

due to the increase in the core thickness in both 
orientation angled samples. The load carrying 

capacity [0/90]S of the same core thickness was found 

to be higher in the angled samples than in the angular 

samples [± 45]S angular samples.This result appears 

to be the same for all core thicknesses. 

 

 c 

(mm) 

Pmax 

(N) 

σ (MPa) τ 

(MPA) 

 

[±45]s 

4 680 82,15 2,26 

6 858 76,06 2,09 

8 950 67,81 1,86 

10 1095 65,07 1,79 

 

[0/90]s 

4 753 86,55 2,33 

6 1005 84,52 2,28 

8 1195 81,31 2,19 

10 1310 77,95 2,10 
Table-3. Bending and shear stresses of sandwich composite 

structures depending on core thickness 

 

Fig. 4 and 5 shows, Load-displacement graphs 

according to the change in core thickness of sandwich 

composite structures. 

In Fig. 4, it was determined that the deformation 

occurred when the [±45]s angled structures were at 

the maximum load and the load carrying properties 

continued for a while.This shows that, despite 

damage to the balsa, it continues to carry loads with 

composites on the bottom and top surfaces.However, 

after a certain period of time, the structure has been 
damaged completely by the deformation of the 

composite structure. 

 

This was not observed in sandwich structures with 

[0/90]s   orientation angles.In Fig. 5, it is seen that the 

structure has been damaged along with the maximum 

load in the samples with the [0/90]s orientation 

angles.Similar damage has occurred in all core 

thicknesses.This is due to the deformation of the 

balsa and composite structure due to the load and 

displacement values. Fig. 4 and Fig. 5 show that the 
load values where [± 45]s direction angled structures 

are damaged have occurred at higher 

displacements.The reason for this is that [± 45]s 

orientation angle composites [0/90]s show more 

elasticity than orientation angled composites. 
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Fig. 4. Load- displacementgraph of [±45]sorientationangles 

 

 
Fig. 5. Load- displacementgraph of [0/90]sorientationangles 

 

In sandwich composite materials, maximum bending 

stress occurs on the top and bottom surfaces.[2]. The 
maximum stress values obtained in Table 3 are 

given.The highest tensile value  is calculated as 

86.55MPa in the structure with 4 mm core thickness 

at the  [0/90]s orientation angle. The lowest stress 

value is calculated as 65,07MPa in the structure 

having a core thickness of 10 mm with an  [± 45]s 

orientation angle. 

 

Fig. 6.a, the bending stresses depending on the 

thickness of the core changes are given. It is observed 

that the strain value decreases due to the increase in 
balsa thickness in both directions.With the increase in 

balsa thickness, the critical load value increases but 

the stress value decreases. Similar results are 

observed in all balsa thicknesses. The highest tensile 

values were observed in the samples with 4mm core 

thickness and the lowest tensile values were found in 

10mm balsa thickness samples.In Figure 6.a [0/90]s 

orientation angle sandwich structures [± 45]s have 

higher mechanical strength than orientation angular 

structures. This is due to the arrangement of the fibers 

forming the composite structure.In the case of 

bending, the 0° oriented fibers of the [0/90]s 
composites are in the same direction.Therefore, it is 

expected that the critical load, bending stress and 

shear stress values, [0/90]s orientation angled will be 

higher than in [± 45]s orientation angled structures. 

In sandwich composite materials, maximum shear 

stress occurs on the bottom and top surfaces of the 

core structure [2]. The maximum shear stress value 

obtained as a result of the experimental study is 

obtained in equation (1) by using the maximum load   

values obtained in the sandwich structure. Τ (MPa) 

values calculated in Table 3 are given.The maximum 
shear stress value was calculated as 2,33MPa in the 

structure with 4 mm core thickness at [0/90]s 

orientation angle.The lowest stress value was 

calculated as 1.79MPa in the structure with a core 

thickness of 10 mm with [± 45]s orientation 

angle.Fig. 6.b shows the shear stresses depending on 

the thickness of the core. The values obtained are 

similar to bending stresses. It is observed that the 

shear stress values decrease due to the increase in the 

thickness of the core. 
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Fig. 6.a- Correlation between Bending stress-core thicknessb-Correlation between shear stress-core thickness 

 

The highest shear stress values were observed in the 

samples with 4mm core thickness and the lowest 

shear stress values were in 10mm balsa thickness in 

both directions. As shown in Fig. 6.b, [0/90]s 
direction angle sandwich structures [± 45]s reach 

higher shear stress values than orientation angled 

structures. This result is similar in all core thickness 

values. 

In this study, the damage types of sandwich 

composite structures under load were investigated. In 

addition, the way balsa wood was fractured with help 

of high resolution industrial camera was examined. 

Fig. 7, Fig. 8 and Fig. 9 show the types of damage 

seen in sandwich structures. Different types of 

damage were observed in different core 

thicknesses.Samples with a thickness of 4 mm in the 
two orientation angles usually have surface deboning, 

as seen in Fig. 8.As seen in Figure 6.b, the highest 

shear stress is 4mm core thickness. It is thought that 

the adhesion surface of the samples with 4mm core 

thickness can not resist the resulting shear stress. 

No significant cause was found in the occurrence of 

other types of damage. The balsa woods used in the 

study have a density of 150 kg/m3.However, because 

the materials used are organic, different mechanical 

properties are observed at the same density values.It 

is thought that parameters such as moisture and 
cutting type are effective in the formation of this 

situation.[2]- [9]. 

 

V. DİSCUSSİON 
 

Sandwich composite materials, depending on the use 

of light weight, strength / weight ratio and fatigue 

properties such as improvement is expected. In this 

study, mechanical properties of sandwich structures 

obtained by combining glass fiber reinforced 

composite material and balsa wood were investigated. 
As a result of three-point bending tests, it was 

observed that the increase in core thickness decreased 

the value of normal stress and shear stressThe highest 

bending and shear stress values are seen in samples 

with 4 mm balsa thickness.Accordingly, the 

maximum critical load limit increases depending on 

the core thickness. As a result of the experiments, 

load-displacement graphs were obtained for each 

parameter.When the graphs and tables were 

examined, it was observed that the orientation angle 

had a significant effect on the mechanical 
properties.[0/90]s direction angle structures show 

better bending performance than the [± 45]s angular 

structures. 

In Fig. 5, it was observed that the load value 

decreased suddenly after reaching the maximum 

value in sandwich angles of [0/90]s. However, [± 45]s 

shows the load carrying capacity for some time after 

the load reaches the maximum value in the angled 

samples. The experiments were recorded with a high 

resolution camera. As a result, three types of damage 

were observed. Inter-surface debonding is more 

commonin low core thicknesses. This result is due to 
the formation of high shear stresses in low core 

thicknesses. 
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