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Abstract. The honeycomb sandwich structure has been extensively investigated for its mechanical 
performance. Modification in improving such mechanical properties is an innovation required of 
honeycomb sandwich, especially with adding a random fibers reinforcement inside a sheet panel 
plate. This study was developed random fiber reinforcement using natural fiber of Oil Palm, Sugar 
Cane and Coconut which constructed by commercial software code of MATLAB. This investigation 
was analyzed the performance of three-point bending behavior by using the finite-element model 
which provides four levels fiber condition to observed: 0, 50, 100 and 150 fiber numbers. Ansys 
Workbench/Dynamic code was chosen to predict mechanical performance such as stress and 
displacement analysis. In fiber development study, a series of numerical simulations were carried 
out with 2 types of fiber orientation as reinforcement, unidirectional and chopped randomly. The 
hybrid orientation also implemented in this research by combined unidirectional and chopped fiber 
which was fixed at 150 numbers then varied in three sets: S50/C100, S100:C50, and S75/C75. As a 
result, it was confirmed that the fiber reinforcement enhances the stiffness of the structure, which 
contributes a lot to the promotion of the bending resistance capacity and energy absorption. 
Especially on unidirectional fiber orientation shown a significant increase in absorbing stress 
during testing. It was similar which reported by the hybrid system, the fiber reinforcement 
sandwich showed better mechanical behavior in the simulation, and it was influenced by the 
unidirectional orientation. 
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1. Introduction 
Honeycomb sandwich has shown impressed regarding on mechanical performance 

with bringing high the stiffness/weight and strength/weight ratios which supported by 
complicated structure for weight reduction. The target productions were implemented for 
several applications such as the automotive, naval, and transportation industries (Zinno et 
al., 2011; Huang et al., 2012; Crupi et al., 2013; Partridge et al., 2017). The mechanical 
performance can be varied based on the structure due to varied size, thickness and shape, 
but the main contribution is on an array of hollow cells built between thin vertical walls. It 
was constructed to allow the reduction of material used with minimal weight and cost. At 
the same time, the thin-walled aluminum honeycomb structure could be excellent in 
energy-absorbing to allow high deformable barriers from some crash tests to predict the 
crashworthiness which needed special application such as transportation regulations 
(Zhang et al., 2021; Weiet al., 2021; Zhang et al., 2021).   
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Several researchers have proposed panel plate materials combine with fiber and 

proposed-of-the-art composites that have been present in aviation and rockets (Vavilov e 
al., 2016; Monogarov et al., 2018). In several areas, the honeycomb materials from 
packaging in the shape of a paper carton to sports equipment such as skis and snowboards 
(Mou et al. 2014) were developed with varied tailored hierarchical honeycomb cores (Li 
et al., 2020). Regarding on fiber reinforcement for panel plate have been developed to 
improve honeycomb strength one of the most famous was using Carbon Fiber Reinforced 
Plastic (CFRP) (Dungani et al., 2012; Pehlivan and Baykasoğlu, 2019; Xiao et al. 2021;  
Oiwa et al., 2021; Xiao et al., 2018). The CFRP has been shown to help in increasing the 
dynamic impact of honeycomb sandwiches by different configurations of laminate fibers 
(Xio et al., 2021). Laminate reinforced fiber has the benefit to mechanical performance, 
phenomena from stacking angle (0 and 90o) performance on the hexagonal honeycomb 
energy absorption properties increase in the 90°-layered honeycombs (Li et al., 2021). 
Regarding high energy absorption, the honeycomb was implemented in motorcycle 
helmets for head protectors during road traffic accidents involving motorcyclists (Li et al., 
2021). From the researcher's side, fibers as substances or materials are required to 
explore from various resources to fulfill the performance, reliability, toughness, 
resistance of the material industry.       

Natural fiber-reinforced has been promising in increasing honeycomb strength and 
shows fascinating mechanical properties (Han et al, 2020; Atiqah et al., 2020; Sathees 
Kumar et al., 2021; Aneta O. et al., 2021; Apang D S. et al., 2021). This is an inspiration to 
meet biological fiber with environment friendly during in improving the mechanical 
performance of honeycomb. They successfully developed a sandwich honeycomb with 
basalt fiber with unidirectional skin sandwich‐structural honeycomb to improve flexural 
and energy absorption (Han et al., 2020). Other research reported that honeycomb with 
natural fiber can be a potential candidate to replace the synthetic fiber as a reinforcement 
in polymer composites due to improvements in hardness testing (Atiqah et al., 2020). 
Basalts fibers are a commercialized product that becomes high cost and has better physic-
mechanical properties than fiberglass. Exploring potential nature fiber in the honeycomb 
structure require to observe to meet engineering development needs.   

The numerical simulation technology has been used widely in engineering, especially 
the Finite Element Method has powerful to design and initial predicting in various 
engineering fields, which it has proofed and regarded as a reliable and effective to analyze 
honeycomb-like sandwiches (Wang et al. 2019; Yanuar et al., 2020; Xiao et al., 2021). The 
absorption of honeycomb design is required to improve the performance and it needs 
careful predicting by using the finite element. Unfortunately, they considered it as the 
homogeneous material property to introduce composite materials by avoiding the fibers 
distribution technique. The efficiency of the construction of a sandwich honeycomb is 
directly related to the quality and quantity of fibers composite panels within the 
honeycomb. The aim of this research is to investigate the effect of using the honeycomb 
sandwich by natural fibers distribution technique of panel plate composites which is 
proposed in this study. This paper introduces a developing model of the natural fibers 
distribution technique implemented in the panel plates.  The concept of the research is to 
use various natural fibers as filler and conditioned the Oil Palm, Sugar Cane and Coconut 
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fiber in two orientation conditions. The first orientation focuses on unidirectional random 
distribution while the second is the chopped fiber random orientation, then the 
honeycomb sandwich is subjected to a three-point bending (TPB) in order to finally find 
the best orientation type of composites. 
 
2. Numerical model 
In our investigation by using simulation, the process is dividing into two stages. The 
process was involving fibers development using MATLAB conducted in the first stage. 
While the second stage was subjected to the mechanical performance of Three-Point 
Bending (TPB) using Finite Element analysis. The detailed process is explained below:        
 
2.1 Fibers development 

Fibers distribution is a paramount part of this research for investigating the effect of 
panel plates on honeycomb core. To develop fiber randomly inside a sheet panel plate, the 
sheet plate is designed based on the size required to then develops domain size which is 
fiber distributed inside. The sheet panel plate dimension is designed with 76 mm  221 
mm  1.5 mm based on the three-point bending (TPB) standard of ASTM C-393 (ASTM 
Standard C393). This bending test size covers the standard test dimension for honeycomb 
sandwich because the size is adequate by the following ratio conditions: width/total 
thickness ratio  2, Length/width ratio  (1.5+50mm) and tpanel/tcore ratio < 0.1. Two types 
of fiber orientation were developed through different ways of designing by using MATLAB 
software. 

The random fiber is designed in a radius of 0.1 mm for both unidirectional and 
chopped fiber orientation. Generally, the microstructure was passed through three stages 
to fulfil nature fiber behaviour: a) Generate domain size, b) Launch point c) Generate fiber. 
For unidirectional orientation all the stages procedures are explained as follows. The 
points were launched inside the domain randomly and avoid the repeated point selected 
by the program. The point launched technique was used on the thickness side only. The 
side selected which consider as a longitudinal direction from beginning to the endpoint of 
fibers. Each side was implemented to select the point randomly and repeatedly until 
satisfying the number required. Once the points were selected and save on the storage as 
x, y and z-axis. While chopped fibers, more complex compared to unidirectional fibers. 
The point launched technique method was implemented directly into the domain with 
fiber size already determined. Each fiber was performed by random point connection 
which was distributed inside the domain. It was recommended to fulfil one fiber not less 
than 4 points connections to perform smooth fiber pattern. For both distribution and 
pattern were developed randomly and repeatedly until satisfying the number required.  
In the domain system, the multi-points number registered in the domain is selected 
randomly. Point selection is done once to avoid overlapping conditions. Furthermore, the 
program allows constructing several points in order to perform fiber design of a random 
chopped shape. The multi orientation of chopped makes it possible to perform several 
points neighbor position. These neighbor distances were limited by an allowed distance, 
(Lallowed), among the first point (Pi). The first points (Pi) selected are considered as the 
initial point in coordinate fiber position and fixed, while the second-order points selected 
(Pi+1) acts as a neighbor which allows moving from the origin point. Second-order points 
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(Pi+1) are attached as a neighbor by following the Pythagoras concept where the angle i 
is used to measuring the distance Li from Pi. Points (Pi+1) are attached to Pi by using the 
same i as a neighbor in Lallowanced as distance. In addition, re-selecting point Pi+1 will re-
process if Li ≤ Lallowanced. The step is repeated until the number point is satisfied for one 
fiber design and fulfil the model by several fibers’ numbers. In the final stage, every single 
point of a single fiber come out with x, y and z coordinate information that can be exported 
into an excel file. For both types of fiber orientations were observed by 3 different 
quantities: 50, 100 and 150 fibers number. For the hybrid system, the total fibers 
unidirectional and curving orientation content was fixed at 150 fibers number. The 
number ratios of the hybrid system using unidirectional and curving fiber orientation 
were varied in three sets: S50/C100, S100:C50, and S75/C75 as shown in Figure 1. The 
number on the left indicates the unidirectional orientation fibers content, while on the 
right indicates the curving orientation fibers content. For complete fiber content and 
orientation types are presented in Table 1. 
 

Table 1. Fiber orientation code. 
Fiber code Definition/fiber content 

S50 unidirectional orientation/50 fibers 

S100 unidirectional orientation/100 fibers 

S150 unidirectional orientation/150 fibers 

C50 chopped orientation/50 fibers 

C100 chopped orientation/100 fibers 

C150 chopped orientation/150 fibers 

S50/C100 unidirectional50: chopped100/150 fibers 

S100/C50 unidirectional100: chopped 50/150 fibers 

S75/C75 unidirectional75: chopped 75/150 fibers 

 
 
 
 
 
 

Figure 1. Hybrid system using unidirectional and curving fiber orientation for (A) 
S50/C100, (B) S75/C75 and (C) S100/C50 

 
2.2 Finite element analysis 
To investigate the dynamic mechanical behavior of sandwich panels with honeycomb 
core, a three-dimensional nonlinear elastoplastic finite element model of Three-Point 
Bending (TPB) was implemented by using the commercial software Ansys Workbench 
Dynamic. The honeycomb sandwich panel considered here is constituted by the top and 
bottom sheet plate panel as well as regular hexagon aluminium honeycomb core as shown 
in Figure 2. 1(a) was shown for unidirectional orientation fiber while 2(b) shown for 
chopped fiber orientation. For both cases, the sheet panel plate polyethylene and 
aluminium honeycomb core are bonded as sandwich while the natural fibers are imported 
from MATLAB software by introducing the coordinate points using a text document file. 
In this simulation, the sandwich model's geometrical parameters are defined as follows: 
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The thicknesses of the face sheets and aluminium honeycomb core are defined as 23 mm. 
The wall length and thickness of honeycomb cells are 7.0 mm and 0.2 mm, respectively. 
The dimension of the square sandwich panel is 76 mm × 221 mm with 20 mm of the 
height. The side length of the regular hexagon honeycomb core was 7 mm. Then the 
specimen was subjected to the three-point bending load from a semi-cylinder steel which 
has 30 mm and 10GPa for diameter and pressure, respectively. The Young Modulus of 
Steel, Polyethylene, and Aluminium presented in 200 GPa, 1.1 GPa, and 71 GPa, 
respectively. For natural fiber of Oil palm, Sugar cane, and Coconut is 2.7-3.2 GPa, 18-27 
GPa, and 4-6 GPa, respectively (Dungani et al., 2012). The fibers reinforcement were 
imbedded in Polyethylene plastic as sheet panel plate. Further study was focused on 
meshing size to carry out numerical analysis to meet convergence results without effected 
by the element size. 
 
 
 
 
 
 
 
 (a) (b) 

 
Figure 2 Ansys Workbench model of honeycomb sandwich panel (a) straight line fiber, 
(b) curving fiber. 
 
2.3. Failure of three-point bending 
Core Shear Stress of Single-Point Midspan Load was calculated the core shear stress as 
follows (ASTM Standard C393): 
 

𝝉 =
𝑷

(𝒅+𝒄)𝒃
  (1) 

 
Where, P, d, c, and b denote to core shear stress, MPa (psi), load, N (lb), sandwich 
thickness, mm (in), core thickness, mm (in), and sandwich width, mm (in), respectively. 
While core failure predicted by shear failure in Eq. (2) as follow: 
 

𝑆 ≤
2𝜎𝑓𝑚𝑎𝑥𝑡

𝑘𝐹𝑠
  (2) 

 
Where, S is distance support span, fmax is face sheet estimate ultimate strength, k is the 
core shear strength factor to ensure face sheet failure (0.75 is recommended by previous 
researcher (Gdoutos and Daniel, 2002)), and Fs is the core shear strength. 
2.4. Validation 

The modelling honeycomb core using homogeneous orthotropic solid geometries was 
validated with a plain face sheet honeycomb before further observation using a reinforced 
face sheet. Failure observation was conducted by using Eq. (2) which is the core crushing 
as the subject study. Three-point bending with 8000N of the load was reported at 1  10-
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3s for observation as shown in Figure 3. Local indentation failure can be seen in simulation 
by this time which failure have been starting by the shear stress of 342 MPa. This mode of 
failure was also recorded by Eq. (2) which the failure value of the shear stress occurs at 
340 MPa. This phenomenon was also captured by plotting graphs between the shear 
stress versus time, the shear stress began disordered from the linear condition at the time 
of 1  10-3s as shown in figure. It was obvious, the structure condition starting destructive 
as present in the simulation during the flexural loading. Furthermore, it was observed that 
the shear strength of the core error earned by using theoretical and finite element analysis 
was presented at 0.58%. 
 

 
Figure 3 Shear stress of core sandwich 
 
3. Results and discussions 

The research constraints during the simulation were found that fiber distribution 
development was difficult to control such as fiber curve in the panel sheet. It caused the 
fibers to perform curving outside the panel sheet area even though the point coordinate 
was still inside the panel sheet area. The programming can adjust the point distancing in 
a small space to avoid this constraint. At the same time, the point numbers should be 
added to maintain the fiber length. Unfortunately, this condition influence to increase the 
cost of running time to produce fiber distribution.     

In the numerical dynamic calculation process, the total time of the analysis step range 
is 4  10-6 to 2  10-5s. To investigate the details of the bending resistance ability of the 
honeycomb sandwich, its stress mode in the bending process is analyzed based on natural 
fibers material. The observation regarding the normal stress simulation results in which 
of three conditions of fiber content: 0, 50, 100 and 150 fibers of Oil Palm in each sheet-
plate. The interaction contact relationship between the load and sandwich panel has been 
observed. The interaction between the face sheet and semi-cylinder load is determined 
by the high pressure of loading, which means that the honeycomb sandwich was 
investigated by destructive testing. The three-point bending load at the whole system 
exceeds the honeycomb sandwich to absorb the load, which makes it easy to investigate 
the output stress that can absorb through the honeycomb sandwich. As the increase of 
consuming time, the permanent deflections of both top and bottom face sheets of damage 
enlarge gradually, the honeycomb core compresses gradually and finally reach the failure 
stage, the integral folds of the honeycomb core increase and the buckling area gradually 
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enlarges. Obviously, clear the normal stress (z-axis) that occurred at the composite plate 
samples were increasing by increasing fibers number for unidirectional fiber of Palm Oil, 
due to the strong tensile absorption in bending loading. It was shown that the normal 
stresses have been blocking by panel composite before absorbing by the honeycomb core. 
The orientation of the longitudinal fibers was consistent with the normal stress 
absorption. The normal stresses received by the honeycomb core shown to reduce by 
increasing the fiber number, randomly orientation causes the normal stress (z-axis) 
output was absorbed by the fibers. The composite plate of Oil Palm with unidirectional 
orientation successful reducing normal stress (z-axis) in 45%, 70% and 72% at early 7.02 
 10-6 s of time for fibers content of 50, 100 and 150, respectively. While Sugar Cane and 
Coconut fiber also shown a similar reducing range starting from 44% until to 72% of 
normal stress before being received by the core compares to the plain plate. This 
phenomenon was also reported by the previous researcher that fiber composite was an 
effective way to avoid premature failure and improving the mechanical properties of a 
sandwich structure (Sun et al., 2021).  

In order to study the effect of fibers content of chopped orientation on the normal 
stress behaviors, the repeated TPB testing, and stress absorption properties of composite 
plate are performed and investigated. It can be found that with the increase of fibers 
number of composite plates, the normal stress (z-axis) absorption through the plate 
composite increases in the condition of the early time loading at 4.4  10-6s. It can seem 
that with the random fiber’s direction composite, the stress absorption shown an 
uncertain level due to fiber orientation influences the tensile stress absorption. The 
normal stress absorption performance of chopped orientation during TPB causes non-
gradually normal stress absorption to fiber number content. However, normal stress 
absorption significantly increases in the composite plate by reducing 43% until 48% 
stresses compared to the plain plate. 

To further investigate the dynamic mechanical behaviors of honeycomb natural 
composite under TPB loads were performed. These results shown that the deformation 
of unidirectional fiber composite sandwich was obviously can be seen near the two 
supports area and the middle of the front face sheet plate. It can be observed that the 
numerical load deformation was varied by increasing the fibers number due to fiber 
reinforcement increasing resistance to the load. However, fiber distribution very 
significant influence on the deformation level. It occurred at 50 fibers number which is 
fiber distributed mostly in the center of the plate along the longitudinal direction with 
close each other. It is helping the plate to absorb the load in one strength unity. By 
contrast, the interaction of the honeycomb core can be seen in the curving orientation, 
which clearly demonstrates a more desirable deformation pattern, providing the increase 
with the stiffness by adding higher fiber content. This could be explained that as the 
increase of the fiber content, the distribution well enough has reached all directions to 
fulfil the x and y-axis systematically. It gives rise to the advantages of the reinforcement 
effect of the honeycomb core as well as the global strength and stiffness of the plate. The 
previous finding on the natural fiber of papaya has been reported that a massive reduction 
in stiffness and strength is observed on random fiber orientation compared to 
longitudinal orientation (Courca et al., 2020). This statement has supported the results 
obtained regarding flexural phenomena.  
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A study on the hybrid of unidirectional and curving orientation was conducted at 150 
fibers numbers have shown in Figure 4. These observations were investigated on 
honeycomb core at a range time of 0 to 4  10-6 s. The normal stresses (z-axis) of these 
hybrid unidirectional and curving orientations were varied due to the fiber orientation 
content of the plate composite. Based on the fiber number ratios, the normal stress levels 
were dominated by the unidirectional orientation fiber. It means that unidirectional fiber 
brings the composite resistance to the flexural load. Even though the S100/C50 hybrid 
finding has received lower in normal stress, the S150 still showed higher performance in 
absorbing the flexural load. Due to the flexural test was dominated by tensile stress 
condition, the fiber in longitudinal direction brings advantages in resistance during the 
testing.  The benefit hybrid fiber of natural fiber composites has been reported by 
previous researchers by introducing banana, Prosopis juliflora plant, and coconut fibers 
as composite reinforcement (Muthalagu R. et al., 2021).  

An irrelevant comparison has been shown in Figure 4 when the experimental method 
was at 8%wt. of fiber content. This fiber content much exceeds the fiber number 
implemented in the simulation which was 150 fiber number only.  The experiment was 
observed by varied fiber content in the range of 2%wt. until 8%wt., it has shown signs in 
the increment of stress absorption by increasing fiber content. The fiber content has 
shown much contributions to reducing flexural stress and same time successfully 
improving tensile stress in honeycomb sandwiches. All nature fiber types presented 
similar phenomena during flexural testing where fiber much helped to counter 
preliminary failure. The fiber is randomly distributed and the same method is 
implemented by the hybrid technique that causes strong in any direction. 

 

  
 (a) (b) 

 
(c) 

Figure 4 Normal stress (z axis) comparison of hybrid orientation for: (a) Oil Palm fiber, 
(b) Sugar Cane fiber and (c) Coconut fiber. 
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Figure 5 shows deformation characteristics of conventional honeycomb sandwich in 
experiments compare to simulation testing for oil palm fiber reinforcement. The 
deformation characteristics inform that local indentation pattern capture for both 
experimental and simulation. The deformation is both experimental and simulated from 
the movement of the loading impactor. The results have shown a good agreement and 
consistency in three-point bending behavior. The simulation results also showed reliable 
data with the experiment test which validate using deformation recorded at 5  10-6 s as 
shown in Figure 6. The deformation that occurs for both methods presents insignificant 
deviation which simulation comes out at 1.1974 mm of displacement while 1.134 mm for 
experimental result, which confirms the consistency of the simulation results. 

 

 

(a) 

 

 

 

 

 

 

 

 

(b) 

Figure 5. Deformation patterns of conventional honeycomb sandwich of (a) experimental 
and (b) numerical stages with oil palm reinforcement. 
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(b) 

Figure 6. The deflection phenomenon during composite panel failure of (a) Experimental 
Method and (b) Simulation Method. 
 
4. Conclusions 

Numerical simulations were carried out for the aluminum honeycomb sandwich and 
fibers reinforcement was successful to develop reinforcement distribution technique by 
coding software of MATLAB. Based on the above-mentioned results and discussions, some 
significant conclusions can be drawn as follows: 
a. The reinforcement clearly brings an increase in strength and stiffness for the whole 

honeycomb sandwich. In this way, the bending resistance capacity of reinforcement 
sandwiches gets substantial promotion accordingly comparing with the plain plate. 
This fact is embodied in the load-deflection chopped and different deformation 
patterns. 

b. The numerically calculated results of the TPB dynamic mechanical behaviors of 
sandwiches show an increase of the stress absorption can be effectively modulated 
by the reinforcement fibers. 

c. The unidirectional fiber orientation achieving a high tensile strength due to structure 
fiber in longitudinal position in the plate. 

d. The hybrid of unidirectional and chopped orientation performance was dominated 
by unidirectional orientation characteristics in stress absorption during flexural 
testing.  

e. The natural fiber of Oil Palm, Sugar Cane and Coconut was a promising reinforcement 
for polymeric composites and suitable to be implemented as facing panel of 
honeycomb. 

Acknowledgment  
 

On behalf of all authors, the corresponding author states that much appreciate to 
Universiti Teknikal Malaysia Melaka (UTeM) to support financial by Short term grant 
PJP/2020/FTKMP/PP/S01765 and equipment during research completion. 

 
References 

Aneta Ocieczek, Halina Makala, Anna Flis, 2021. A Comparison of the Sorption Properties 
of Selected High-fiber Preparations from Cereal Bran, Vegetables, and Root Plants in 
the Context of Their Functional Properties, Int. J. Tech., Volume 12(3), pp. 582-591.   



56  Please Put the Title of the Paper in this Line with Capitalize Each Words,  
 This Second Line can be Used if Necessary 

Apang Djafar Shieddieque, Mardiyati, Rochim Suratman, Bambang Widyanto, 2021. 
Preparation and Characterization of Sansevieria trifasciata Fiber/High-Impact 
Polypropylene and Sansevieria trifasciata Fiber/Vinyl Ester Biocomposites for 
Automotive Applications, Int. J. Tech., Volume 12(3), pp. 549-560. 

ASTM Standard C393, (2016). Standard test method for core shear properties of sandwich 
constructions by beam flexure. ASTM International, www.astm.org. 

Atiqah A., Ansari M.N.M., Premkumar L., 2020. Impact and hardness properties of 
honeycomb natural fibre reinforced epoxy composites. Proc. Mater. Today, Vol. 29, 
Part 1, Sciencedirect, Malaysia, pp. 138–142. 

Couraa G. L. C., Freire R. T. S., dos Santos J. C., de Oliveiraa L. Á., Scarpa F., Panzeraa T. H., 
2020. Tensile and flexural properties of epoxy laminates with natural papaya bast 
fibre cellular layers. Composite, Part C: Open Access, Vol. 2, No. 5.  

Crupi V., Epasto G., Guglielmino E., 2013. Comparison of aluminium sandwiches for 
lightweight ship structures: Honeycomb vs. foam. Mar. Struct., Vol. 30, No. 4, pp.74–
96. 

Dungani R., Karina M., Subyakto, Sulaeman A., Hermawan D., Hadiyane A., 2012. 
Agricultural Waste Fibers Towards Sustainability and Advanced Utilization: A 
Review.  Asian J. Plant Sci., Vol. 15, No. 1-2, pp. 42-55. 

Gdoutos E and Daniel I., 2002. Failure modes of composite sandwich beams. Int. J. Damage 
Mech., Vol. 11, Issue 4, No. 1, pp. 309–334. 

Han Q., Qin H., Han Z., Zhang J., Niu S., Sun Y., Shi S., 2020. Study on mechanical properties 
of multi-structure dactyl-inspired sandwich honeycomb with basalt fiber. Compos. 
Struct., Vol 247, No. 34.  

Huang T. J., Wu C. Y., Chiang D. Y., Yu C. C., 2012. NOx emission control for automotive lean-
burn engines by electro-catalytic honeycomb cells. Chem. Eng. J. (Ned), Vol. 203, No. 
15, pp.193–200. 

Li Z., Wang Z., Wang X., Zhou W., 2020. Bending behavior of sandwich beam with tailored 
hierarchical honeycomb cores. Thin Walled Struct., Vol. 157, No. 9.  

Li S., Xiao Z., Zhang Y., Li Q.M., 2021. Impact analysis of a honeycomb-filled motorcycle 
helmet based on coupled head-helmet modelling.  Int. J. Mech. Sci., Vol. 199, No. 14.  

Li X., Lu F., Zhang Y., Lin Y., Meng Y., 2021. Experimental study on out-of-plane mechanical 
and energy absorption properties of combined hexagonal aluminum honeycombs 
under dynamic impact. Mater. Des., Vol. 194, No. 30, pp. 1-14. 

Monogarov K., Trushlyakov V., Zharikov K., Dron M., Iordan Y., Davydovich D., Melnikov I., 
Pivkina A., 2018. Utilization of thermite energy for re-entry disruption of detachable 
rocket elements made of composite polymeric material. Acta Astronaut., Vol.150, No. 
8, pp. 49-55. 

Mou X. N., Lu L. X. and Zhou Y. L., 2014. Evaluation of in-plane compressive densification 
strain of honeycomb paperboard. Adv. Mech. Eng., Vol.12, No. 4, pp.1-11.  

Muthalagu R, Srinivasan V, Sathees Kumar S and Murali Krishna V, 2021. Extraction and 
effects of mechanical characterization and thermal attributes of Jute, Prosopis 
juliflora bark and Kenaf fibers reinforced bio composites used for engineering 
applications. Fibers Polym., Vol. 22, No. 7, pp. 2018-2026. 



Last Name of the Corresponding Author (et al.)   57 

Oiwa M., Ogasawara T., Yoshinaga H., Oguri T., Aoki T., 2021. Numerical analysis of face 
sheet buckling for a CFRP/Nomex honeycomb sandwich panel subjected to bending 
loading. Compos. Struct., Vol. 270, No. 3.   

Partridge Jr W. P.., Choi J. S., 2017. Understanding the Performance of Automotive 
Catalysts via Spatial Resolution of Reactions Inside Honeycomb Monoliths. Book 
Series in Adv. Chem. Eng., Vol. 17, Chapter One, Sciencedirect, pp. 1-81. 

Pehlivan L., Baykasoğlu C., 2019. An experimental study on the compressive response of 
CFRP honeycombs with various cell configurations. Composites, Part B, Vol.162, No 
58, pp. 653-661. 

Sathees Kumar S, Mugesh Raja V, Nithin Chakravarthy CH. and Muthalagu R, 2021. 
Determination of mechanical Properties and characterization of alkali treated 
sugarcane bagasse, pine apple leaf and sisal fibers reinforced hybrid polyester 
composites for various applications. Fibers Polym., 22, pp. 1675-1683. 

Sun Z., Chen H., Song Z., Liu H., Cui R., Guo X., Shi S., 2021. Three-point bending properties 
of carbon fiber/honeycomb sandwich panels with short-fiber tissue and carbon-fiber 
belt interfacial toughening at different loading rate. Composites, Part A., Vol. 143, No. 
23.  

Vavilov V., Marinetti S., Pan Y., Chulkov A., 2016. Detecting water ingress in aviation 
honeycomb panels: Qualitative and quantitative aspects. Polym. Test., Vol. 54, No. 33, 
pp. 270-280. 

Wang Z., Li Z., Xiong W. 2019. Numerical study on three-point bending behavior of 
honeycomb sandwich with ceramic tile. Composites, Part B, Vol. 167, No. 8, pp.63-70. 

Wei X., Wu Q., Gao Y., Xiong J., 2020. Bending characteristics of all-composite hexagon 
honeycomb sandwich beams: experimental tests and a three-dimensional failure 
mechanism map. Mech. Mater., Vol.148, No.1, pp. 1-10.  

Xiao Y., Hu Y., Zhang J., Song C., Liu Z., Yu J., 2018. Dynamic bending responses of CFRP 
thin-walled square beams filled with aluminum honeycomb. Thin Walled Struct., Vol. 
132, No. 28, pp.494–503. 

Xiao Y., Wen X. D., Liang D. 2021. Failure modes and energy absorption mechanism of 
CFRP Thin-walled square beams filled with aluminum honeycomb under dynamic 
impact. Compos. Struct., Vol. 271, No. 29.  

Yanuar, Gunawan, Allessandro Setyo Anggito Utomo, Muhammad Naufal Luthfi, Muthia 
Aurora Balqis Baezal, Fadlu Rahman Sirajudin Majid, Zahwa Chairunisa, 2020. 
Numerical and Experimental Analysis of Total Hull Resistance on Floating Catamaran 
Pontoon for N219 Seaplanes based on Biomimetics Design with Clearance 
Configuration, Int. J. Tech.,  Volume 11(7), pp. 1397-1405. 

Zhang Y., Yan L., Zhang C., Guo S., 2021. Low-velocity impact response of tube-reinforced 
honeycomb sandwich structure. Thin Walled Struct., Vol.158, No. 22, 

Zhang Y., Li Y., Guo K., Zhu L., 2021. Dynamic mechanical behaviour and energy absorption 
of aluminium honeycomb sandwich panels under repeated impact loads. Ocean Eng., 
Vol.219, No. 76. 

Zinno A., Prota A., Di Maio E., Bakis C.E., 2011. Experimental characterization of phenolic-
impregnated honeycomb sandwich structures for transportation vehicles. Compos. 
Struct., Vol. 93, Issue 11, No. 27, pp. 2910–2924. 


