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Abstract - This paper highlights the considerable stochastic effects while taking a deterministic approach to satisfy a dynamic objective 
function involving the free vibration behavior of a laminated composite trapezoidal plate. The study considers relevant material and 
geometric parameters of the plate under investigation as stochastic without changing the plan area of the plate which generally happens 
in many industrial and engineering applications. Investigation of the stochastic effects of material properties, ply thickness, and ply 
orientation on the objective of reaching an increased natural frequency is carried out by Monte Carlo simulation. Abaqus CAE is used to 
calculate the increment in the thickness required for the desired rise in the natural frequency of a symmetrically laminated plate. It is 
shown that variation in reaching the desired frequency increases with the increase of the coefficient of variation of the input variables. A 
positive linear trend between the coefficients of variation of the desired frequency and input variables is found, whose slope increases as 
randomness is considered for a greater number of input variables. Probability of failure in reaching the desired frequency is shown to be 
heavily dependent on the combined variation of material and geometry. In particular, the probability of failure in reaching a desired 
frequency shows an undulating trend for both types of variation considered. In general, it is also shown that randomness in geometry has 
a more pronounced effect compared to that in material only. 
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1. Introduction 

Laminated composite materials are widely applied in many industries for their high strength-to-weight ratios and 
flexibility in design. Their ubiquity, especially in aerospace and aeronautical engineering, such as aircrafts, UAVs, 
helicopters, missiles, space stations including their use in fabricating civil engineering cladding units requires designers to 
have a thorough understanding of their mechanical behaviour. However, due to the uncertainty introduced in determining 
the strength and stiffness properties of laminates during the manufacturing of the individual composite layers and the 
laminated structure as a whole, a purely deterministic study can potentially be non-conservative and insufficient. Hence all 
such material and geometric properties shall be treated as random variables and their uncertainty should be quantified either 
experimentally or computationally. 

Experimental data on the mechanical properties of unidirectional glass/polyester showed a coefficient of variation (CV) 
ranging between 10% to 20% for elastic and shear moduli as well as the material strengths, with variation as high as 24.90% 
[1]. In unidirectional carbon fibre-reinforced polymers (CFRP), experimental data showed variation as high as 13.1% for 
tensile strengths [2], with less variation in other material properties. Recent research [3] has shown that, while the elastic 
properties of carbon fibre/epoxy composites possess a CV of around 5%, the CV of the mechanical strength still ranges from 
10% to 20% [4,5]. Uncertainties in material properties lead to uncertainties in dynamic behaviour [6]. 

Natural frequency enhancement to avoid resonance due to machine installation is often required within a restricted plan 
area. The geometric and material properties always have elements of uncertainty as a natural occurrence due to the inevitable 
fabrication inaccuracies in layup and curing. In such cases, even a slight shift in the characteristics of any of the plate 


