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 Sandwich structures  consist of two thin skins with high mechanical properties and a thick core with 
lower mechanical properties and weight.  Due to high strength/stiffness to weight ratio, these structures 
are used extensively in engineering structures such as aerospace structures, ship hulls, turbines blades, 
etc. Skin/core debonding is one of the major failure modes in these structures. In this paper, debonding 
resistance of sandwich panels with composite skins and a core consisting of PVC foam and a corrugated 
composite laminate is investigated both experimentally and numerically. Square geometry is considered 
for corrugated composite laminate and obtained results are compared with reference specimen with 
simple core made of PVC foam. The three point bend test with attached ENS fixture is used to perform 
the standard experimental test. The results have shown that in square specimen with 3 and 6 layer skin 
before the separation between skin/core, the specimens  fail from the middle of the upper skin, but for 8 
layer skin, the skin/core debonding  occurs before other modes of failure. The maximum skin/core 
debonding resistance for  square specimen is increased 269.26 percent. Specimens are modeled in 
Abaqus and results show a reasonable agreement between experimental and numerical result. 
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Fig. 1 A schematic cross section of two specimen; simple and square 
corrugated core. 
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Table 1 specimen code 

  
 SL16,SL26 
 SL78,SL88 
 AL53,AL63 

 AL16,AL26 
 AL48,AL38 
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Fig. 2 A schematic representation of corrugated core manufacture 
procedure[16] 
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Fig. 3 specimen manufacture using VARTM method  
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Fig. 4 1) corrugated core specimen; 2) simple core specimen 
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Fig. 5 A schematic representation of ENS fixture[17] 
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Fig. 7 tensile test specimen  
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Table 2 Material property for each lamina in the cross-ply laminate 
(GPa) (GPa) (GPa)   

13.7 13.7 1.49 0.3 0.21 
  

  
Fig. 9 adhered surface and initial debonding 
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Adhered surface 
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Fig. 10 increasing the mesh density in the crack tip 
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Fig. 11 force-displacement plots for SL16,SL26 
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Fig. 12 Asymmetry slope at the two end of specimen and crack Growth 
due to mod-II 
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Table 3 The result of 3 point bending test for 6 layer skin and simple 
core specimen 

  
)N( 

  
)gr(   

)N×m2( 

  
 

 
SL16 380 138.5 43.06 0.31 
SL26 354 132.7 43.22 0.32 

Average 367 135.6 43.51 0.315 

-2-1-4      
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 .4 

 . SL78
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Fig. 13 force-displacement plots for SL78,SL88 
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Table 4 The result of 3 point bending test for 8 layer skin simple core 
specimen 

 
 )N( 

  
)gr( 

  
)N×m2( 

 

SL78 578.48 158.5 89.75 0.566 
SL88 547.6 148.6 84.97 0.571 

Average 563.08 153.55 87.36 0.568 
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Fig. 14 force-displacement plots for AL53,AL63 
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Fig. 15 force-displacement plots for AL16,AL26  
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Fig. 16 failure of upper skin from the middle of specimen 
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Table 5 The result of 3 point bending test for 3,6 layer skin with square 
corrugated core specimen 

 
)N( 

  
)gr(   

)N×m2( 
 

AL53 1444.6 125.8 99.07 0.787 
AL63 1514.8 128.3 99.48 0.775 

Average 1479.7 127.05 99.27 0.781 
AL16 1468.8 181.9 140.67 0.773 
AL26 1482 183.1 154.58 0.844 

Average 1472.4 182.5 147.62 0.808 
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Fig. 17 force-displacement plots for AL38,AL48 
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Table 6 The result of 3 point bending test for 8 layer skin with square 
corrugated core specimen 

 
)N( 

  
)gr(   

)N×m2( 
 

AL48 1982.4 199.6 154.76 0.775 
AL38 2062.4 195.8 155.15 0.792 

Average 2022.4 197.7 154.95 0.783 
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Table 7 numerical – experimental correlation of the sandwich 
specimens 

(%)  (N×m2) (%)  (N) 
 

0.6 33.23 1 460  
15.26 134.44 6.4 2153.23  
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Fig.18 comparison of numerical and experimental result for simple core 
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Fig. 19 comparison of numerical and experimental result for square 
corrugated core 
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Fig. 20 damage scalar parameters 1) simple core, 2)  8 layer skin and 
square core, 3) 6 layer skin and square core 
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