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Introduction 
Honeycomb structures are ideal energy absorbers due to the high axial strength compared 

to the low density of the material and consistent mechanical properties. Lighter density 

materials used in honeycomb structures, like aluminum, have been studied intensively because 

of their use in aerospace applications. However, relatively denser materials like stainless steel 

have been less studied. The purpose of this project is to determine if 304 Stainless Steel 

hexagonal honeycomb can be used in applications related to the field of radioactive material 

packaging by determining the crush strength of the structure. The material properties of 304 

Stainless Steel can be found in Appendix A and Figure 1 shows the dimensioning convention 

used. 

 

Figure 1: Honeycomb Dimensions   

Both the static and dynamic crush strengths of the 304 Stainless Steel hexagonal 

honeycomb will be evaluated to determine the differences between the two strengths. The 

difference in strain rate on the material during the static and dynamic tests is the cause of the 

differing crush strengths.  

Testing Information 

Static Crush Strength 

       The compression testing to determine the static crush strength will use an Instron 

compression test machine. This Instron machine uses a 20 ksi capacity load cell and can record 

data at differing low strain rates. From the data collected a stress strain curve will be developed 

which should have a similar shape to that shown in Figure 2. The peak compressive strength 
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shown in Figure 2 occurs before the initial buckling of the honeycomb material, while the 

plateau after that peak strength represents the crush strength of the honeycomb material as 

buckling occurs.  

 

Figure 2: Example Stress Strain Curve for Static Crush Testing 

        Additionally, the static crush strength determined from testing can be compared to an 

analytical model for hexagonal honeycomb structures developed by Tomaz Wiezbicki [1]. 

Wiezbicki’s model is based on the rolling deformation of the hexagonal cell walls of the 

honeycomb structure. The following equation will give an approximate static crush strength 

based on the analytical model. 

𝜎𝐶𝑟𝑢𝑠ℎ = (16.56)(𝑆𝑦) (
𝑡𝑐
𝐷
)

5
3

 

Dynamic Crush Strength 
        The testing to determine the dynamic crush strength of the 304 Stainless Steel honeycomb 

structure involves dropping a 43.8 lb stainless steel impactor from a height around 5 feet onto 

the honeycomb structure. The honeycomb structure will be placed on a rigid surface so that all 

of the energy transferred from the impactor will be absorbed by the stainless steel honeycomb. 

The impactor will be dropped using a quick release hook and an acrylic guide pipe. The test 

setup can be seen in Figure 3 and the full testing procedure can be seen in Appendix B. 
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Figure 3: Dynamic Crush Strength Test Setup 

        In order to determine the dynamic crush strength of the honeycomb structure from this 

test the change in thickness of the honeycomb structure must be measured. The change in 

thickness combined with the height of the drop, weight of the impactor, and area of the 

honeycomb face being impacted can give the dynamic crush strength of the stainless steel 

honeycomb.  

𝜎𝑐𝑟𝑢𝑠ℎ =
𝑊𝑖𝑚𝑝𝑎𝑐𝑡𝑜𝑟𝐻𝑑𝑟𝑜𝑝

(𝑇𝑖 − 𝑇𝑓) ∗ 𝐴
 

Results and Discussion 
Five test samples from Honeycomb Products Inc were tested to determine the crush 

strengths of the 304 Stainless Steel honeycomb structure. These samples have a 0.003 inch 

ribbon thickness and a 0.25 inch cell diameter. The majority of the samples were tested under 

the dynamic condition because dynamic crushing is the most likely failure mode for an impact 

absorber being used radioactive packaging. Samples 1-3 were tested dynamically while Sample 5 

was tested on the Instron compression machine. Sample 4 was first tested under the dynamic 
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condition and then under the static condition to determine if pre-crushing could affect the crush 

strength of the material.  The test samples were measured and weighed before testing with the 

information being recorded in Table 1.  

Table 1: Dimensions of Honeycomb Samples 

Test Sample Length  Width Initial Height Weight Density 

S1 2.280 in 1.980 in 2.518 in 0.1289 lb 19.59 pcf 

S2 2.332 in 1.946 in 2.518 in 0.1289 lb 19.57 pcf 

S3 2.267 in 1.977 in 2.517 in 0.1304 lb 19.97 pcf 

S4 2.313 in 1.927 in 2.519 in 0.1276 lb 19.64 pcf 

S5 2.365 in 1.895 in 2.518 in 0.1115 lb 17.20 pcf 

 

Dynamic Crush Strength Results 
The dynamic crush tests of samples 1-4 occurred in accordance with the procedure found in 

Appendix B. The same stainless steel impactor, at a weight of 43.8 lb, was dropped from varying 

heights between 50-55 inches for each test. The test parameters and calculated dynamic crush 

strengths of each sample are shown in Table 2. The average dynamic crush strength of the four 

samples is 1520 psi with all individual crush strengths being within 20% of the average. Aluminum 

honeycomb has a crush strength variation of 15% [2] therefore the 20% variation of the stainless 

steel honeycomb is a reasonable range. 

Table 2: Dynamic Crush Strength of Honeycomb Samples 

Test Sample Post Test Height Impactor Drop 
Height  

Dynamic Crush 
Strength  

S1 2.119 in 53.48 in 1300.5 psi 

S2 2.220 in 54.73 in 1780.3 psi 

S3 2.136 in 54.86 in 1407.1 psi 

S4 2.209 in 50.60 in 1604.2 psi 

 

In order to determine if the peak compressive strength shown in Figure 2 significantly 

changes the dynamic crush strength, due to the relatively large amount of energy absorbed at 

the initial stages of impact, Samples 1 and 2 were tested again. By testing Samples 1 and 2 

again the effect of the peak compressive strength is removed because the honeycomb material 
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has already begun buckling. The test of the pre-crushed samples occurred in the same manner 

as the previous tests with the same 43.8 lb impactor. As seen in Table 3 the dynamic crush 

strengths were changed by about 10% for each sample but the crush strength sample 1 

decreased while the crush strength of sample 2 increased. The small differences in crush 

strengths between tests and inconsistent trend of changes indicates that the peak compressive 

strength was inconsequential. 

Table 3: Pre-Crushed Dynamic Crush Strength of Honeycomb Samples 

Test Sample Post Test Height Impactor Drop 
Height  

Dynamic Crush 
Strength  

Percent 
Difference 

S1 1.662 in 53.88 in 1189.1 psi 8.94% 

S2 1.906 in 53.92 in 1952.3 psi 9.21% 

 

Static Crush Strength Results 
Static testing was performed using the Instron compression machine for samples 4 and 5. 

Sample 4 was statically tested after being involved in the dynamic impact testing to investigate 

the effects of pre-crushing when under static loading. Figures 4 and 5 indicate the crush strengths 

of test samples 4 and 5 respectively. Sample 4 has a static crush strength of about 1300 psi which 

is a 21% decrease compared to the dynamic crush strength of the sample. Sample 5 has a crush 

strength of only 650 psi. Sample 5 is likely so much lower because of the quality of the brazing 

material on the sample.  

Brazing is used on honeycomb structures that are produced through the corrugated method. 

In the corrugated method, corrugated sheets of stainless steel material are joined using a brazing 

material and welds. Sample 5 had a lower overall density (Table 1) to the other test samples 

because not as much brazing material was used. Figure 6 compares the brazing quality of Sample 

5 to one of the higher density samples. The differences in density between the two samples in 

conjunction with the large differences in crush strength indicate that density and brazing play a 

major role in determining the crush strength of the honeycomb structure. 
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Figure 4: Static Crush Strength of Sample 4 

 

Figure 5: Static Crush Strength of Sample 5 
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Figure 6: Brazing Comparison 

The crush strengths of samples 4 and 5 were also compared to the analytical crush strength 

determined from the Wierzbicki model described previously. The model indicates that stainless 

steel honeycomb with a 0.003 inch ribbon thickness and 0.25 inch cell diameter should have a 

crush strength of around 500 psi. However, this model does not account for brazing material, 

which increases the ribbon thickness of the honeycomb structure. When the ribbon thickness is 

increased to 0.005 inch the analytical crush strength becomes 1170 psi which compares 

favorably to the 1300 psi crush strength of sample 5. 

Comparison 
The average dynamic crush strength of samples 1-4 was 1523 psi while the static crush 

strength of sample 4 was around 1300 psi for around a 16% decrease at lower strain rate. The 

difference between static and dynamic crush strengths of the stainless steel honeycomb 

structure comes from the effects of strain rate on the 304 Stainless Steel material properties 

rather than the structure of the honeycomb itself [3]. Figure 7 shows the effects of strain rate on 

a 304 Stainless Steel rod and shows that an increase in strain rate from 1 s-1 to 100 s-1 leads to 

gain of about 20% for yield strength of the material. This matches with the experimental 

determined difference between static and dynamic. 
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Figure 7: Effect of Strain Rate on 304 Stainless Steel 

Conclusions  
The average dynamic crush strength of 19.5 pcf density stainless steel honeycomb is 1523 

psi while the static crush strength of a sample with the same density is around 1300 psi. The 

difference between the static and dynamic crush strengths is consistent with the effects of 

strain rate on 304 Stainless Steel. The quality of brazing can greatly affect the overall crush 

strength of the material as indicated by sample 5 having a crush strength around 50% less than 

that of sample 4, which had densities of 17.2 pcf and 19.6 pcf respectively. Also, the Wierzbicki 

model was shown to be inaccurate unless the effect of brazing is considered when determining 

ribbon thickness of the honeycomb.  
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Appendix A: 304 Stainless Steel Material Properties 
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Appendix B: Dynamic Crush Strength Test Procedure 
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