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Overarching Aim 

Verified and validated computationally efficient 

broadband vibro-acoustic CLT models
◼ Verified – Correct physics

◼ Validated – Experimentally validated 

◼ Computationally efficient – Time and space

◼ Broadband – Building acoustics = {50,…,2500|5000} Hz

◼ Vibro-acoustic – Vibratory and acoustic response
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Analytical Methods Finite Element Method

Solution Class `Exact’ Approximate

Computational Speed Faster Slower

Solution Domain Restricted:

• Simple Geometries

• Simple boundary 

conditions

Large:

• Complex Geometries 

• Complex Boundary 

conditions 
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Solution Methods

Analytical Methods Finite Element Method

Solution Class `Exact’ Approximate

Computational Speed Faster Slower

Solution Domain Restricted:

• Simple Geometries

• Simple Boundary 

Conditions

Large:

• Complex Geometries 

• Complex Boundary 

Conditions 
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Specific Goals 

a. Characterisation of CLT Model:

◼ Updating

◼ Verification  

◼ Validation 

b. Model

◼ Acoustic Black Holes

c. Extend

◼ Built-up Structures



Characterisation – Model Updating 

◼ Model Updating: Correcting 

model parameters based on 

data obtained from experiment

◼ What level of detail do we need? 

◼ Layerwise basis →



Characterisation – Model Updating 

◼ Modal domain 

◼ Most fundamental

◼ Can only correlate 

◼ Breaks down to a basis, i.e. building 

blocks from which we can solve more 

complex analyses 

◼ Independent of excitation location



Characterisation – Model Updating 

Experiment FEM Model



Characterisation – Verification

Ansys Mechanical, Release 2022 R2, Element Reference, Element Library, ANSYS, Inc



Characterisation – Verification

Ansys Mechanical, Release 2022 R2, Element Reference, Element Library, ANSYS, Inc

Mindlin, R.D., & Yang, J. (2006). Introduction To The Mathematical Theory Of Vibrations Of Elastic 

Plates, World Scientific.
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What next?

Characterize

Develop

Optimize

Prototype



Acoustic Black Holes



Built-up Structures

◼ Understand dissipation and 

stiffness of building element 

connections

◼ Create predictive models



Built-up Structures



Built-Up Structures
Parameterisation



Summary

◼ Finite Element Method (FEM) Cross-Laminated Timber (CLT) models 

were:

◼ Updated

◼ Verified

◼ Validated

◼ Such models can form the basis for R&D of novel noise attenuation 

concepts, i.e. acoustic black holes

◼ With validated CLT models and the flexibility of FEM, a modular 

approach to analysis can allow the study of large-scale problems, i.e. 

built-up structures
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