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Abstract. The transverse compression behavior of honeycomb core under oblique loading has been investigated experimentally. 
The effects of off-axis loading angles ranging between 0° and 45° and thicknesses ranging between 0.5 to 2 inches on the 
compression behavior has been addressed. A decrease in peak load of 20 lbs per degree change in off-axis angle and a decrease 
in crush load of 10 lbs per degree change in off-axis angle was observed.  No significant thickness effects were observed for the 
0° off-axis angle.  
  
1. Introduction  
Materials present in nature like wood, bone, etc. have a cellular microstructure which provides good mechanical 
properties, while being light in weight. Many materials are being manufactured with a similar microstructure and 
possess good strength-to-weight ratios. For example, honeycombs are extremely efficient in stiffness-to-weight and 
strength-to-weight situations, and therefore, are vastly used in structural applications. The out-of-plane compressive 
properties such as stiffness and strength are very crucial in some structural applications. The variation of transverse 
compressive properties of hexagonal honeycomb cores as a function of loading direction has been investigated 
experimentally. The energy absorption by honeycomb cores has been typically assumed to be primarily due to 
loading along thickness direction [2]. However, in practice, off-axis loads are present and thus the honeycomb 
behavior under off-axis loads must be investigated.  
  
2. Experiments, Results and Discussion  
Honeycomb specimens with dimensions 2” x 2” and have varying thicknesses of 0.5”, 1”, 1.5” and 2” were tested. 
The material axes of specimens were oriented at 0

0
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0
, 30

0 
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0
 to the loading axis. The top surface of the fiber-

glass face-sheet is grinded to ensure a flat surface so that the load is uniformly distributed. Then, the specimens are 
mounted between platens; the bottom surface of the specimen is secured at the center of the bottom platen using a 
double sided tape so that it does not move during testing. A thin layer of grease is applied on the top surface of the 
specimen to accommodate shear deformation as illustrated in figure (2). Static testing for all the specimens were 
conducted at National Institute for Aviation and Research using a servo hydraulic testing machine at a nominal 
stroke rate of 0.05 in/min (quasi-static). The load, actuator displacement and time readings were recorded during 
these tests and the results are as reported.  
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The typical stress-versus apparent strain (assumed uniform across the thickness) for different material axis 
orientations is shown in figure (3). It can be observed that the transition into the crushing region becomes smoother 
with increasing off-axis angles. The peak and average crush load for different orientations are plotted in figures (4 & 
5). Both peak and crush loads were observed to decrease with increasing off-axis angle. The peak and crush loads 
were observed to be independent of core thickness for an off-axis angle of 0°, but exhibited thickness dependence 
with increasing off-axis angles.  An attempt has been made to develop a failure envelope in terms of the normal and 
shear stress components relative to material axis as shown in figure (6).  The normal component σ

yy
 and shear 

component σ
xy

 have (see figure (7)) been used for the failure envelope. The failure envelope indicates that the 
thickness of the core influences the failure initiation in honeycomb cores, with the envelope size being inversely 
proportional to the core thickness.  
  
3. Conclusions  
Honeycomb behavior under off-axis loading along the thickness was investigated experimentally. It is observed that 
the peak load and average crushing load are dependent on core thickness and the off-axis angle. The peak  and crush 
loads were observed to decrease with increasing off-axis angles, indicating the influence of shear loading. A 
decrease in peak load of 20 lbs per degree change in off-axis angle and a decrease in crush load of 10 lbs per degree 
change in off-axis angle was observed.  No significant thickness effects were observed for the 0° off-axis angle.  
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