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Abstract: The woven plain weave/epoxy hexagonal tubes’ 

capacity for energy absorption is investigated in present work. The 
experimental work was performed on composite hexagons with 
different hexagonal angles between 35° and 55° in aspect ratios 
L/t = 70 and 10° angular increments. Observation was made on 
how the configuration impacts the crash-worthiness behavior of 
the reinforced hexagonal tubes. Moreover, the impact on absorbed 
energy was also investigated. The highest energy absorption 
capability and average crashing load was demonstrated by the 
woven plain weave/epoxy hexagonal tube with β = 45°. Failure of 

the woven plain weave/epoxy hexagonal tube was found to be in 
progressive mode. Furthermore, apart from the influence of 
geometry, the energy absorption capabilities of the hexagonal 
tubes were also affected by the type of material. 

 
Index Terms: Hexagonal Tubes, Specific Energy Absorption, 

Crushing History.  

I. INTRODUCTION 

  One of the safety measures in the design of safety 
passenger vehicles is the crushing energy absorption. This is 
important in order to minimize the damage on the vehicle’s 

occupants during collision. Thus it is crucial to improve the 
absorbed energy of the tubular composition used in the 
design of modern transportation. The ability of the car or train 
to absorb static or dynamic energy and to survivability of the 
people is known as the ‘crashworthy of the compression. 

Failure occurs in structural component as the component 
can no longer convey the load acted upon it. In general, the 
capability of the component to convey load is diminished as it 
no longer satisfactorily perform service functions due to 
breakage, excessive deformation, degradation, or other 
mechanisms. Permanent deformations ensued from such 
failure initiate redistribution within the structure and reduce 
the laminate strength and stiffness [9–11].  
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One or both of these factors contributes to damage of the 
component. Energy absorption of a structure can be 
expressed through controlled failure mechanism and mode, 
in which gradual decay in the load profile is preserved [1–5]. 
Previous studies generally investigated the effects of number 
of layers, type of fibers, type of matrix, and fiber orientation 
angle on the crashworthiness of the tubular structure from 
load-displacement and energy absorption relationships 
[1,6-8]. Much recently, the focused of research on the 
crushing behavior of materials has included conventional and 
natural composite structures, such as the synthetic fiber 
reinforced composites such as aramid/carbon [9], 
polyester/E-glass [11], carbon and Kevlar [12], aramid 
/carbon/ [13], vinyl ester–fiberglass material [14], fibre glass 
[15], carbon fibre and glass fibre [16], carbon-epoxy mixed 
with carbon and glass to make sold composition [6]. 
However, the present work investigates the absorbed energy 
and crack mode of reinforced hexagonal tube an 
experimentally with axial crushing load. 

II. METHODS 

Traditional method Lay-up by hand  

Fabrication and manufacturing of green composite 
materials is usually done using conventional and natural fiber 
composites [17–19]. The oldest and simplest method used is 
the hand lay-up technique. The present work implemented 
this technique to fabricate woven kenaf and aramid hybrid 
laminate (Kevlar) composites as shown in Figure 1 [20]. The 
kenaf woven-Kevlar were organized in dissimilar laminates 
arrangements. To keep the fiber in place, the liquid matrix 
was applied by spraying or brushing until the desired depth 
was achieved. This way, a high-quality kenaf-kevlar 
composite structure was produced. Furthermore, this 
technique presented versatility in terms of costing and 
feasibility of producing high quality knaf-kevlar composite 
structure with hexagonal composite tubes as shown in Figure 
2 [3, 21and 22]. 

 

Fig. 1 Material preparation mold fabrication and 
composites structure for traditional methods [20] 
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Fig. 2 Details of fabrication steps [3] 

Further, the resin tank was used impregnate the material 
used. Then, on a solid wood spindle, the hexagonal 
composite tube with wet fiber was created. Wax layer was 
coated on the outer thickness of the samples. This was done 
to facilitate extraction of hexagons from the mold two 
laminitis of fibre arranged to get a thickness of about 2mm. 
The tubes produced were left at ventilated room for two days 
to gain the optimum hardness and dray.  

Universal testing machine was used to perform the 
compression task with a maximum force of 100 kN, the speed 
was fixed at 15 mm/min. The schematic diagram of Figure 
3and 4, shown the whereas the composite tubes used as main 
absorbed energy elements. 

 

Fig. 3 Schematic diagram of fabric plain weave 
fabrication process 

 

Fig. 4 Crashworthy subfloor in helicopter fuselage 

Crashworthiness in composite structure 
Crash-worthiness is reorganized as ability if vehicle to 
protect a passenger from high risk.  
Figure 5 shows; Collision is associated with absorption of 
energy absorption within monitoring mode of failure that can 
remain a steady drop in the force through the absorbing the 
energy from car body. Figure 5 parameters that impact the 
crash in composition tubular [3].  

 

Fig. 5 Various parameters that impact the load caring 
capacity [3] 

The major important parameter is absorption 
energy-carrying [6]. The energy can be absorbed once the 
structure starts falling [24, 25]. Figure 6 shows that 
force-displacement curves of composite tubes and shows 
crashworthiness characterization numbers that can be 
compared according to the load-crashworthiness and energy 
absorption with various composites configuration [17,26].   

 

Fig. 6 Stages of crashworthiness materials [3] 

Specific energy absorption (ES) 

Identify as Specific energy absorption, ES, er kilogram 
(KG). The archived load done or the energy absorbed, W, 
within the process is stated in formula (1) [28]. 

                
  

  
                      (1) 
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Sb and Si recognized as the fill the intervals. The ability of 
specific energy, ES, of a composite structure, as stated in 
formula (2) 

   
 

 
                    (2) 

Where m is the weight of the tube, and Pm is the mean failure 
load of the tubular composition [1, 21, 22, and 29]. 

III. RESULTS AND DISCUSSION 

Effect of hybrid material in Initial peak load (Pi) 

The initial failure load value is the highest load achieved 
before the tube specimen collapses. Ataollahi et al. [26] 
composite silk epoxy tube. They tested specimens had an 
effect on the initial load of values, Yan et al. [30] recently 
investigated the lateral crush of natural composite tubular 
filled with polyurethane foam. They found that the risk in 
peak capacity load nearly direct proportional to the risk in the 
plate layer. 
Figure 7 and Figure 8 show a comparison of the load peak 
values between the current study and the previous study. 
Therefore, there is a significant correlation between the peak 
load values of the two studies and two types of fiber and tube 
geometry have been used [26].  

 

Fig. 7 Fillies and mean of crushing load 

 

Fig. 8 Composition of Hexagon tubes and fillies load 
[Current study] 

Crushing history and failure modes  

 (β=45˚ and L/t=30) 

As shown in Figure 9, the displacement graph (L/t=30) and 
angle 45˚ the crush failure phase behaves totally elastic path. 

The load increases till fillies’ crush signs at curves 9.2 kN at 2 
mm (0.044 h) deformation. The highest failure mechanical 
mode then the load gradually decreases till 2.1kN at 9 mm 
(0.2 h) displacement refer to Figure 9 (a, b). In advance stage 
the tubular provides more opposition to the load of conduct 
resin the load again to 7.3 kN at about 19 mm (0.4 h) with that 
tubular is destroyed gradually by the failure mode 
fragmentation.  

β=45˚ and L/t=50 

The force-displacement curves for hexagon composition 
tubular are stated in figure 9, at first the load non-linearly 
behaved a matrix crack observed at 1 mm (0.013 h). The 
force upgrade to Per=12.1kN at 4mm (0.05 h) deformation it 
can be identifying the type of failure mode as. The load drops 
suddenly 3.2 KN at 4 mm (0.05 h) with catastrophic behavior. 
Furthermore, the stable behavior of force behavior was reach 
consequently after enforcing drop on 2.1 kN for deformation 
ranges between 7 mm (0.08 h) to30 mm (0.39 h). The load 
begins to increase to the next stage which is peak value of 
16.9 KN and 38.9 mm (0.53 h) displacement as stated in 
Figure 10. During the last failure phase, the load recorded its 
maximum value of 23.2 kN at around 55.9 mm (0.74 h) and 
an inner and outer frond absorbed as a outcome of 
fragmentation mode allied with inclusive longitudinal 
fracture see the last stage in Figure 9. 

 β=45˚and L/t=70 

The relationship between force deformation of hexagonal 
are shown in figure 9.variously the behavior of the load can 
be identified as linear case to the first crack Pi=12 kN at 2mm 
therefore, the resistance of tube smoothly degrees 1.5kNat 11 
mm deformation at current phase the tube is ripped at down 
ward of the tube as result of transfers failure mode refer 
figure 9 ( a and b) after this stage the tube resistance again 
and increase the load to maximum load to optimum ph 40 at 
24mm displacement. Another type of displacement mode can 
be specified nearly subline failure mode at that downward of 
tube as result of suddenly fail of the force. Refer to figure 9 c.  
upraising of force was identify. At the last stage the type of 
failure mode (subbing mode demonstrated as shown in figure 
9 d and f) considerate that measure buckling whether 
minimum buckling meet specific link are to essential 
categories of due made from woven composite.  

β=45˚ and L/t=100 

As shown in Figure 9, the relation between the two 
parameters displacement-load and capacity at start the force 
increase to history of deformation of hexagonal tube with 
aspect a ratio (L/t=100) and β=45˚. Th tube structure were 
more resistant drop at almost with L/t=50 peak Pi = 15 kN at 
23 mm (0.15 h) displacement as shown in Figure 9 (a). 
Consequently, the load decreases gradually to its lowest 
value of PL=1.8 kN at 79 mm (0.52 h) displacement.  
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The load rises to its second peak value of 6.2 kN at 130 mm 
(0.86 h) displacement. IN THE LAST PHASE the tube 
destroys in from upward of the tube structure as shown in 
Figure 9 (b-f). 

 

Fig. 9 Relationship between force and displacement 
(H.70.45ο) 

Importance of energy absorption in the industrial sector  

In the industrial sector are particularly relevant to the 
precise of absorbing energy from material-reinforced and 
composite polymer structures. The main characterization of 
synthetic and nature fibers including energy absorption and 
load peak capacity.  

At most similar, due to they can protect the travelling 
passenger from high risk. Dimension parameter combine 
with the density of fiber to reduce the heaviness of structure 
and create nature and traditional fibers. As example carbon 
and class. In addition, at the same time the error shows high 
console tense and hardness. This feature makes the fiber 
superior for implementation and energy absorption ambling 
and the manufacturing industries.  

The specific energy can be compared with several type of 
natural and compensational fiber, see Table 1. It can be 
identified from the table; the caroled tube shows maximum 
energy absorption at this result can be provides to upgrade the 
ability of using natural and conventional fibers in 
manufacturing sector.  

The comparative absorbed energy of few types of natural 
and conventional fibers is listed in Table 1. It can be 
identifying that the corrugated circular tube shows maximum 
value   energy absorbed energy. The outcome results are 
unique to the increased chance to more offer and request in 
the sustainable and industrial sector. The information clearly 
shows that the natural and conventional fibers can 
competitive part that use in transportation applications. 

Furthermore, Table 2 lists the geometrical, shape, and 
triggers and corrugated tubes affected Specific Energy 
Absorption (SEA) for glass and carbon fibers reinforced 
plastics (FRPs) composites.  

Table. 1 Natural and conventional fiber with value of SAE 

Configuration ID Material SAE 
(kJ/kg) 

Ref. 

Cylindrical corrugated composite tubes CCT Woven roving glass fibre/epoxy 10.2 [31] 
Radial corrugated composite tubes RCCT Woven roving glass fibre/epoxy 12.2 [31] 
Square tubes ST silk/epoxy 5.4 [26] 
Radial corrugated surrounded by circular 
composite tube (RCSCT) 

(RCSCT) Woven roving glass fibre/epoxy 12.08 [5] 

Cylinder composite tube CCT Woven roving glass fibre/epoxy 9.65 [5] 
Radial corrugated composite tube (RCCT) woven roving glass fibre / epoxy 3.04 [5] 
Corrugated tubes GFRE glass fibre / epoxy 9.53 [1] 
Circular  H7 Aluminum/glass epoxy hybrid tubes 15.83 [32] 
 

Table. 2  hexagon tube (L/t=70) and few angles 

 

 
 
 
 

Various types of materials can be achieved different value of energy absorption. On other 
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hands, different tube configuration can achieve different 
energy absorption. Furthermore, increasing of wall thickness 
of composite structure fieriest load will appraise by two 
folders as same as SEA by two folders. According to the 
current investigation, the changing of hexagonal angles has a 
significant effect on SEA. 

IV. CONCLUSION 

The main conclusion to draw is: 
 It can be seen that the average load increases as each meat 

increases from 35 ° to the average breaking load, the 
breaking load reaches a maximum of 45 ° each, and as 
each meat increases to each meat, the average breaking 
load decreases 60 °. 

 A hexagonal tubular with β = 45° optimum absorption 
energy capacity of 35% compared to other tubes. 

 Hexagonal tubular with β = 45 ° showed an optimal 

absorbed energy compared with other tubes. 
 The fracture of the hexagonal tube is a progressive type of 

grinding when subjected to compressive loads. 
 Variables affecting impact- crashworthiness parameters 

of composite structure  
 There is a significant correlation between the current peak 

load values used and the current study using two types of 
fiber and tube geometry. 
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