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INTRODUCTION 
 

Sandwich fiber-reinforced composite plate is evaluated via computational simulation 
to study damage and fracture progression. Each face of the sandwich consist of 8 plies 
with laminate configuration [0/±45/90/]s made of S-Glass/Epoxy and the core is made 
of Epoxy. The sandwich plate is reinforced with stiffeners well bonded to the plate. 
The applied loads is uniform pressure at room temperature 21o C (case I). For 
comparison reason another case was examined by taking into account the curing 
temperature 149o C (case II), and the residual stresses are computed. The applied 
pressure is increased gradually and an integrated computer code GENOA was 
augmented for the simulation of the damage initiation, growth, accumulation, and 
propagation to fracture and to structural collapse references (1 to 3). The sandwich 
composite structure used for this investigation is a stiffened plate, figure 1. The length 
of the stiffened plate is 254 mm  and the width is 127 mm. The boundary conditions 
are fixed supported in all edges. Each face of the sandwich made of S-Glass/Epoxy, 
with laminate configuration [0/±45/90/]s with thickness 2.54 mm , the fiber volume 
fraction is 55% , the moisture is 1% and void volume is 2%. The core is made of 
Epoxy with thickness 5.08 mm. The total thickness of the sandwich panel is 10.16 
mm . The stiffened bands well bonded to the bottom surface of the panel, are made of 
the same material as the face of the sandwich, with thickness 1.27 mm. The 0o plies 
are in the X-axis (fig. 1), and the first ply (0o) lays at the bottom surface of the plate, 
while the last ply lies at the top surface of the plate. Damage initiation and 
progression were monitored as the sandwich structure was gradually loaded with the 
pressure. The results of the computational simulation follow below.  
Damage initiation . The damage initiation in both sandwich structures with loading 
conditions cases I and II happened at the same load 4.412 MPa at the middle stiffener. 
The damage occurred: a) In the case I at the bottom ply (0o) due to transverse 
compressive stresses and matrix cracking took place. b) In the case II at the top ply 
(0o) due to transverse tensile stresses (matrix cracking) and also due to the relative 
rotation of the plies and delamination took place. 
Fracture through the thickness. Fracture through the thickness at the sandwich 
structure occurred first in the case I at 24.68 MPa, and followed by the case II at the 
25.51 MPa. In figure 2 is shown the position of the fracture initiation through the 
thickness and the fracture progression. 



Collapse of the structure. The fracture initiation through the thickness follows a 
rapidly crack propagation, the structure becomes unstable and finally collapses. The 
collapse load started first in the case I, at 29.509 MPa and followed by the case II at 
32.82 MPa.  
It is concluded that the induced residual stresses due to curing processing (case II) of 
the sandwich composite structure, contribute to improve the damage tolerance, the 
fracture resistance and the collapse load of the structure. 
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Fig. 1. The geometry of  the sandwich composite structure. 
 

 
 
Fig. 2. Fracture through the thickness at 25.51 MPa, and fracture progression at  
           27.30 MPa  for the loading case II . 


