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Sandwich structures exhibit high stiffness and strength-to-weight ratios and therefore are widely used as structural 
components, especially within the aerospace industry [1, 2]. Sandwich structures become most effective with thick, low 
density cores. The volume of light-weight honeycomb core materials typically consist of up to 95% enclosed air. If this 
honeycomb sandwich structure is subjected to varying ambient pressure, temperature and/or humidity, and if airflow 
into and out of the honeycomb core is prohibited, the resulting pressure difference causes mechanical stress. During the 
ascent of an aircraft to cruise altitude and the launch of space systems, their honeycomb sandwich structures are 
subjected to tensile stress in the core, as well as in the bondline between face sheet and core, caused by the decreasing 
ambient pressure. Although a major concern for aircraft honeycomb structures today, the first problems related to 
internal pressurization arose in space systems. Since their use in the early 1960’s, several honeycomb sandwich 
structures of space systems have failed during launch due to face sheet/core disbonding [3, 4]. A major recommendation 
that arose from the subsequent accident investigations was the use of fully vented sandwich constructions for space 
systems. This means that the sandwich should not only be vented between each core cell but also through the face 
sheets. If the use of a vented design is not possible, the structural integrity should be verified via in-flight condition 
testing and non-destructive testing of the face sheet/core bond [4]. However, large-scale face sheet/core disbonding in 
unvented sandwich construction occurred again in the liquid hydrogen tank of the X-33 technology flight demonstration 
vehicle during the protoflight test in 1999 [5, 6]. The internal pressurization of the core in this case was caused by gases 
which had entered the honeycomb core due to an external leak path and then condensed to the cold surfaces, reducing 
the internal pressure.  This phenomenon called cryopumping allowed more gas to enter the honeycomb core. During the 
warm-up phase of the tank after the test, the gases expanded and created much higher loads than the atmospheric 
pressure. This structural failure was cited as one of the reasons to stop the VentureStar suborbital spaceplane program.   

Due to their lower operating altitude, aircraft honeycomb sandwich structures experience lower loads during flight 
compared to space systems. However, the use of fully vented sandwich constructions often is not possible or practical. 
Although intact honeycomb sandwich structures have been widely used in aircrafts for many years, face sheet/core 
disbonding can be critical when the bondline between face sheet and core is weak or damaged due to impacts or 
inadequate repairs. In the last decades, face sheet/core disbonding in honeycomb sandwich structures have occurred in 
large passenger aircrafts [7-11]. Among initial disbonds, or weak face sheet/core interfaces, internal pressurization was 
another major cause of the disbond propagation. In another example, the loss of a rudder on a commercial airliner (as 
shown in Fig. 1) was found to be caused by disbonding within the sandwich structure of the rudder, growth of which 
was driven by internal pressurization at flight altitude [10, 11].  A key conclusion of these incidents is that critical face 
sheet disbond size and the parameters affecting disbond growth become very important for the damage tolerance 
evaluation of an aircraft sandwich component during its design phase and in service.  

Fig. 1: Loss of rudder in a commercial airliner [10]. 
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In this presentation, a historical background is provided. In addition, an overall methodology to address face sheet to 
core separation in sandwich structures is presented. Steps taken by an international group of experts include the 
development of test methods that yield a critical strain energy release rate associated with disbonding, with a current 
focus on mode-I dominated loading conditions. Further steps include the development of analysis methods to compute 
energy release rates along an arbitrarily shaped disbond front. Finally, an outlook is provided. 
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