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ABSTRACT 
 

This paper describes the result of an experimental investigation on the impact damage on woven natural 
silk/epoxy composite skin and honeycomb core panel. The test panels were prepared by hand-lay-up method. 
The low-velocity impact response of the composites sandwich panels is studied at three energy levels of 32, 48, 
and 64 joule respectively. The focus is to investigate damage initiation, damage propagation, and mechanisms of 
failure. It was observed that absorbed energy decreased as impact energy increased. There was deflection on 
each impact load configuration at some point but their margin was insignificant. Physical examination of the 
specimen show that damage areas increased with increase in impact load. 
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Introduction 
 

In recent years, there has been a surge in interest, in the use of composite materials for various structural 
applications ranging from aerospace structures to automobile and to marine and sports applications. 
Nevertheless, their behavior under impact loading is one of the major concerns (Heimbs and Pein, 2009), 
knowing that impacts do occur during manufacturing, assembling, normal operations, maintenance services and 
so on. In-particular, unidirectional laminated plates are highly susceptible to the transverse impact loads 
resulting in significant damages such as matrix cracks, delaminations, and fiber fractures, which are sometimes 
not noticeable with visual inspection. For this reason, a lot of studies have been carried out to help understand 
and improve the impact response of composite materials and structures (Kress and Winkler, 2009; Okada and 
Kortschot, 2002; Zinno, et al. 2011; Wilbert, et al. 2011; Meo, et al. 2005; Wu and  Sun, 1996). In the literature, 
a lot of experimental, numerical, and analytical studies on the impact response of laminated composite structures 
in many aspects can be found, among them were (Atas and Sevim, 2010; Baral, et al. 2010; Chen, et al. 2011; 
Bhuiyan, et al. 2009; Belingardi, et al. 2003; Wang, et al. 2009; Dear, et al. 2005; Zhao, et al. 2007). Great 
deals of investigations have also been done, to understand the impact damage response of the composite 
skin/face-sheet. Hosur et al., 2004; investigated the impact effect on different layers of glass and carbon fabric 
composite face-sheet. It was stated in their report that, provision of additional composite face-sheet/skin, 
considerably enhances the damage resistance. Gustin et al., 2005 studied the low velocity impact on different 
samples of composite face-sheet having different combinations of carbon fibre/Kevlar and carbon fibre/hybrid. 
The characterisation of damage initiation as a function of face-sheet thickness and loading rate using 
graphite/epoxy cross-ply laminated face-sheet has also been investigated (Herup and Palazotto,1998)  

In the present investigation, honeycomb core which posses good mechanical properties and has been well 
investigated was sandwich in a novel woven bombyx mori natural silk reinforced epoxy composite face-
sheet/skin. Woven bombyx mori natural silk was considered because of its mechanical properties (Ataollahi, et 
al. 2012) which was compared in Figure 1. Since sandwich structures are made-up of composite face-sheet, and 
core a material, attention is centred on the damage progress through thickness of the sandwich material by 
comparing the load carriability, energy capability and physical examinations of fractured cross-section. This 
investigation is driven by the quest to improve impact damage-resistance of sandwich composite materials to 
enhance their applications in a more impact challenging environment. 
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Fig. 1: Mechanical property comparison of some natural and synthetic fibre (Ataollahi, 2012) 

 
Materials And Methods 

 
The materials used in this experiment were: epoxy resin, type (DER 331), Jointmine hardener, type (905-

35) employed to facilitate curing and the sandwich core material used was honeycomb. All were supplied by 
DkComposites Maleka. Their properties are listed in the Tables below. Bombyx mori plain woven natural silk 
fabric (supplied by Loxevi Silk Indonesia) was used as the face-sheet material, the mechanical properties were 
listed on (Table 2) below.  
 
Table 1: Properties of DER 331 epoxy 

Materials Density (kg/m3) Compressive 
strength (MPa) 

Tensile strength 
(MPa) 

Cure time (hr) Cure temperature 
(ºC) 

Epoxy DER 331 1084 131 63.6 9-12 23.9 
 
Table 2: Properties of Bombyx mori plain woven natural silk fabric 

Materials Density (Kg/m3) Thickness (mm) Modulus of elasticity 
(Nm2) 

Ultimate strength 
(Nm2) 

Elongation (%) 

Bombyx mori 1.4 0.42 22 11 9 
 
Table 3 Properties of core material 

Materials Destiny (kg/m3) Comp. strength 
(MPa) 

Shear strength (MPa) Cell thickness (mm) Cell size (mm) 

Honeycomb 56 2.02 1.65 0.3175 12.7 

 
Sandwich Specimen Fabrication: 

 
The sandwich composite specimens were prepared via hand-lay-up method, Figure 1. This method provided 

high quality composite samples panel with minimal defects. To fabricate the sandwich samples, honeycomb 
core materials was sandwiched in-between WNS/Epoxy face-sheet of 1.5mm thicknesses. Special cares were 
taken to ensure that correct amount of epoxy was used in addition to being evenly spread out. The vacuum 
bagging was carefully spread over the sample; rubber squeeze was used to remove the extra epoxy and trapped 
air. The composite panels were placed in a hydraulic press at a room temperature and pressure of 10bar for 2hr. 
After being taken out from the hydraulic press, the panels were left to cure at a room temperature for 22h. 
Finally, the panels were cut into the standard drop weight specimen size of 100 x 100 using a diamond cuter. 
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Fig. 1: schematics diagram of honeycomb sandwich fabrication 

 
Sample specimen: 

 
The actual size of the specimen was 100 by 100 (mm) square panel, shown in Figure 2. Three specimens 

were tested in each impact load category and the average values of the results were recorded. 

 
 
Fig. 2: Actual size of all impacted composite plate specimen (mm) 

 
Impact Testing: 

 
The tests were performed using an instrumented drop weight testing system (Instron-Dynatup 9250 HV). 

This system is suitable for a wide variety of applications requiring low to high impact energies. The shape of the 
striker used was hemispherical and the size was 12.7 mm diameter. It was assumed to be perfectly rigid. The 
testing machine has a force transducer with capacity of 22.24 kN. The total mass of the impactor used was 5.1 
kg and the impact velocity ranges from 1.95m/s – 4.07m/s. The composite specimen with dimensions of 100 
mm by 100 mm was clamped via a hydro operated clamp on a fixture along a circumference having a 76.2 mm 
Diameter. The main reason behind the choice of an instrumented drop weight impact testing machine for this 
study was based on its ability to simulate closer to real-life impact conditions.   
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Results And Discussion 
 
3.1 Effect of increasing impact load on energy absorption: 

 
Figure 3 show the sandwich material’s rate of energy absorption with an increasing impact load. These 

values and their locations were compared for 32J, 48J, and 64J impact load. Comparison of these values will 
help to ascertain fracture resistances and rate of energy attenuation as the impact load increases. From the 
displayed graph, all the profiles moved vertically to some points before change in directions were observed. 
This change in direction is believed to signify the initiation of internal damages on the composite material, this 
type of damages are usually matrix crack, or other forms of internal damages like delamination, which are 
invisible to when physically examined. It’s good to note that this kind of damages though may be so 
infinitesimal, causes reduction in the material stiffness and posses great threat even unto catastrophic failures.  
However, as long as there is no appreciable damage in the specimen, the absorbed energy profile increases 
linearly, once there is a dent or penetration in the specimen, the damage tends to become localized, absorbed 
energy consequently reduced and non-linear increase is observed. It was evidence from the profiles that each 
profile depict at least matrix crack damage at some points. The time axis showed that these changes occurred in 
6, 9, and 14 ms respectively. 

 

 
 
Fig. 3: Energy vs. Time profile 

 
Effect of increasing impact load on deflection: 

 
Deflections on the composite materials indicate changes in stiffness which induces structural degradation 

on the composite structure. Figure 4, compares the amount of deflection on each impact load configuration. It 
was clear from the results that degradation of specimens happened independently. The margin between the 
values was insignificant as they were separated by decimal points (5.0, 5.15, and 5.4mm) respectively.   

 

 
Fig. 4: Load/deflection profile 
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Comparison of the profiles: 
 
Figure compares load/deflection/energy profiles. Energy absorbed by the specimen without failing, is the 

energy through to the peak load point. It is assumed that the energy up to the peak load point is absorbed 
through elastic deformation, all other energies absorbed beyond this point is assumed to be absorbed through the 
creation of damages. Therefore, total absorbed energy includes energies absorbed through creation of damages. 
The total absorbed energy under 32J impact load was 15.2J, under 48J and 64J impact loads were 10.9J. The 
differences in structural absorbed energy i.e. (energy absorbed by the composite material before any changes in 
stiffness occurred) were insignificant ranging from 2.0-3.0J. 

 
 
Fig. 5: Comparison of load/deflection/energy profiles 

 
Failure Mechanism And Damage Fragmentation:  

 
Several damage modes have been observed under the three impact loads categories in this experiment. In 

Figure 6, specimen was stroked by 32J impact load, damage modes were detected as delamination, matrix 
cracks and fibre fracture. There was penetration damage from the contact point (top surface), the cross-section 
photos showed the extent of damage this impact load was able to exert on the structure. But as the impact load 
was increased to 48J and 64J, (Figures 7 and 8) dominant damage was perforations accompanied by fibre 
breakage, matrix cracks and delaminations. The colour changes observed at the rear surface of the specimen 
depicts delamination failure mode. In comparison, damage severity and fragmentation increased with increased 
impact load. 

 
Fig. 6: Sample under 32J impact load 
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Fig. 7: Sample under 48J impact load 

 
 
Fig. 8: Sample under 64J impact load 

                
Conclusions: 

 
A study has been carried out on the impact response of woven natural fibre/Epoxy sandwich honeycomb 

composite. Comparison of the load bearing capabilities, rate of energy absorption, damage fragmentation and 
failure mechanism of WNS/Epoxy sandwich composite panels under varied drop weight impact load was 
assessed. From the results, these conclusions were drawn: absorbed energy decreased as impact energy 
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increased. There was deflection on each impact load configuration at some point but the margin between the 
values was insignificant. A physical examination of the specimen however, show that damage areas increased 
with increase in impact load, suggesting that most of the energies were absorbed through the formation of 
damages. Findings of this work are expected to be useful in understanding the impact behaviour of woven 
natural silk sandwiched honeycomb composite panels under varied impact load. 
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