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Cross-Laminated Timber Overview
Overarching Modelling Aim
Numerical vs Analytical Models

Specific Goals

a. Characterisation
m Updating
m Verification
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b. Development
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Verified and validated computationally efficient
broadband vibro-acoustic CLT models
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Verified and validated computationally efficient

broadband vibro-acoustic CLT models
m Verified — Correct physics
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Verified and validated computationally efficient
broadband vibro-acoustic CLT models

m Validated — Experimentally validated
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Verified and validated computationally efficient
broadband vibro-acoustic CLT models

m Computationally efficient — Time and space
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Verified and validated computationally efficient
broadband vibro-acoustic CLT models

Broadband — Building acoustics = {50,...,2500|5000} Hz
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Verified and validated computationally efficient
broadband vibro-acoustic CLT models

Vibro-acoustic — Vibratory and acoustic response
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Analytical Methods Finite Element Method

Solution Class

Computational Speed

Solution Domain
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Analytical Methods Finite Element Method
Solution Class “Exact’ Approximate
Computational Speed Faster Slower

Solution Domain

dx (infinitesimal) Ax (finite)
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Analytical Methods Finite Element Method
Solution Class “Exact’ Approximate
Computational Speed Faster Slower
Solution Domain Restricted: Large:
« Simple Geometries » Complex Geometries
« Simple Boundary « Complex Boundary
Conditions Conditions

dx (infinitesimal) Ax (finite)
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a. Characterisation of CLT Model:
m Updating
m Verification
m Validation

b. Model
m Acoustic Black Holes
c. Extend

m Built-up Structures
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m Model Updating: Correcting
model parameters based on
data obtained from experiment

m What level of detail do we need?
m lLayerwise basis =2

Figure 1: Orthotropic nature of CLT. (a) A piece of timber in the LTR-coordinate system
(b) A CLT lamina in the 123-coordinate system. (c¢) A 3-Ply CLT laminate in the xyz-
coordinate system. (d) An example of a cross-section of a 5-ply unit of CLT.
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m Modal domain @
m Most fundamental

Can only correlate o,
- _— & 5
m Breaks down to a basis, i.e. building e

blocks from which we can solve more
complex analyses

Eigenfrequency 6: 91.3 Hz

m Independent of excitation location
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Optimisation Block 1
Optimisation Black 2

Experiment FEM Model

Figure A.10: Flowchart of the model updating pracess used to determine the material
properties of CLT200a.
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Ansys Mechanical, Release 2022 R2, Element Reference, Element Library, ANSYS, Inc
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Fig. 3. qi D i of i | results and the FE models for CLT200a presented on a base-10 logarithmic scale. Left axis: Spatially
averaged squared transfer mobility (LT;) of i with
Magnitude of the experimental input force of the shaker at the excitation point (Liz).

I (a) layerwise solid, (b) ESL solid-shell, and (c) ESL shell models. Right axis:

Ansys Mechanical, Release 2022 R2, Element Reference, Element Library, ANSYS, Inc
Plates, World Scientific.

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

1.14 mL
F3

Fy

573 m

(b)

1.09 m
238 m
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Fiy

228 m

Fo

5.73 m
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Figure 4: Spatially averaged squared transfer mobility level (L“—;) comparison for CLT200a. The experi-
and (¢) F.

mental and numerical levels are presented on a base-10 logarithmic scale for excitation points (a) £, (b) Fb,

and (¢) Fj.
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Figure 5: Spatially averaged squared transfer mobility level (L‘—lz) comparison for CLT200b. The experi-
mental and numerical levels are presented on a base-10 logarithmic scale for excitation points (a) Fy, (b) Fa.
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Characterize

Develop




Acoustic Black Holes @Empa
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Built-up Structures @ Empa

m Understand dissipation and
stiffness of building element
connections

m Create predictive models
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Built-Up Structures

Parameterisation

—— Plate 1 ===
bID = 1

pnt_(th,pID) =
pnt_(nPlies, pIn) =

_(z1,pID)
_(22,p1D0) = pnt_(th,pID)spnt_(nPlies,pID)
--~ Plate 2 -~

0 = 2

(th,pID)
(nPlies, pI0)

-(x1,pID)
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(y2,p10)
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m Finite Element Method (FEM) Cross-Laminated Timber (CLT) models
were:
m Updated
m Verified
m Validated

m Such models can form the basis for R&D of novel noise attenuation
concepts, i.e. acoustic black holes

m  With validated CLT models and the flexibility of FEM, a modular
approach to analysis can allow the study of large-scale problemes, i.e.
built-up structures
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