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ABSTRACT 

This paper discusses the process of uncertainty quantification in the simple case of adhesively 

bonded glass fibre weave reinforced thermoplastic honeycomb sandwich beams. A set of 

nominally identical bonded samples is constructed and subjected to extensive static and 

dynamic testing, coupled with dedicated numerical FE modelling. Random field stochastic 

modelling is applied to estimate the spatial probability density of the adhesive joint stiffness 

and damping properties.  
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INTRODUCTION 

Honeycomb sandwich structures offer excellent characteristics of specific strength and 

stiffness, especially desired for vehicle applications. If the skin faces of a thermoplastic 

honeycomb structure are glass fibre (weave) reinforced, these mechanical properties are 

combined with good overall recyclability properties. However, in each application these 

honeycomb (panel) structures have to be joined together. Typically this is done by mechanical 

fasteners (necessitating inserts), adhesive bonding or hybrid joining. Each joint type has its 

specific strength and stiffness characteristics which reflect on the structural performance of 

the overall structure. Moreover and particularly in the case of joining honeycomb structures 

these joints induce an amount of uncertainty on the (dynamic) stiffness and resonant vibration 

characteristics of the overall structure. This paper analyses the variability effects of the 

adhesive joint between honeycomb sandwich beams on the overall static and dynamic 

stiffness variability of these joined structures. 

 

RESULTS AND CONCLUSIONS 

The first part of the paper analyses a set of 24 nominally identical honeycomb beam samples 

before joining. Static and dynamic tests (4 point bending, resonant testing) are performed and 

statistically processed. This data is used to construct a mean FE model of the beams which 

enables a correlation analysis of the observed experimental variability with the variability of 

the underlying stiffness parameters of the honeycomb structure. In order to obtain a robust FE 

model the thermoplastic honeycomb core is homogenized. This simple, yet adequate, shell-

volume-shell modelling approach enables a reliable estimation of the stiffness characteristics 

of skin faces and sandwich core. The observed variability on the static stiffness and dynamic 

characteristics (modal stiffness, damping, mode shapes) of the different beam samples is 
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related with the variability on the in-plane stiffness of the skin faces and the out-of-plane 

shear stiffness of the honeycomb core. A stochastic random field modelling technique is used 

to estimate the probability density of these elastic parameters. Moreover, this allows to 

distinguish between the spatial variability within the sample geometry and the inter sample 

variability. Figure 1 shows the free-free measurement set-up used for the experimental modal 

analysis.  

 

Fig. 1 - Set-up for experimental modal analysis 

A second part of this work describes the process of bonding the honeycomb beams with 

simple overlap joints using thermoplastic hotmelt adhesive. The resulting set of 12 bonded 

structures is subjected to static and dynamic testing, similar to the tests on the individual beam 

samples. Test results are used to construct a mean FE numerical model which is used to 

estimate the (dynamic) stiffness and damping characteristics of the adhesive joint. A thorough 

uncertainty quantification analysis relates the observed scatter on the structural characteristics 

of the joints with the underlying parameters of geometry and adhesive material.  

The third part of the work discusses the sensitivity of the dynamic stiffness and damping 

properties of the adhesively joined honeycomb beams to the various underlying geometrical 

and material governing parameters of both honeycomb structures and adhesive joint.  
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