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1.Challenge

New statistical frameworks must be created to 
design, model and test at the component level, safely 
accounting for uncertainty whilst exploiting new 
design opportunities including manufacturability.  
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2.Process overview
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1. Overview

2. C‐spar example description

3. CerTest methodology



3. C‐spar and controlled parameters
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4. C‐spar demonstrator ‐ data

8.0

4.0

5.0

7.0

6.0

Thickness (m
m

)

NDE: X‐ray CT, CMM, 
Ultrasound, eddy current

Simulation: DUNE and 
ABAQUS (FE2) 

Physical test: DIC

Example DIC point 
cloud

Eccentricity

St
re

ng
th

Emulator – Gaussian process



Ends constrained to 
reference points with 
beam MPCs
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Torsional springs with stiffness, K, control BC strength
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Fibre path owing to conformation with 
geometry e.g. not straight. 

5. Parameter uncertainty ‐ BCs

Flange spring



6. Parameter uncertainty ‐material
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7. Discrepancy model
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Probability

8. Limit load

Probability relevant 
to limit load



9. Calibration (learning)
Single physical experiment

Learn about (via comparison of DIC and 
simulations), and then employ, property/BC 
values for the specific part instance to uncover 
discrepancy in physics.

‘All’ C‐spars with defect under all load cases 

Choose tests to learn about and minimise discrepancy 
in physics as behaviour varies at the part scale.
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10. Bayesian calibration

Single experimentFamily of spars



11. Design of experiments & Importance



12. Design of experiments & Bayes Update
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Potential to: (a) consider material variability at scale e.g. defects and fibre steering
(b) Understand the impact of process variability on strength – rapid uptake of new materials
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13. Conclusions & future work



14. CerTest Team
PhDsResearch AssociatesAcademicsLeads

Athira Anil 
Kumar

Ss22491@
bristol.ac.uk

Fen Huang
fen.huang@
bristol.ac.uk

Georges Cucu
Gc16397

@bristol.ac.uk

Meng Yi Song
mengyi.song
@bristol.ac.uk

Aewis Hii
aewis.hii

@bristol.ac.uk

Jean Benezech
Jb3285

@bath.ac.uk

Tim Dodwell
T.Dodwell

@exeter.ac.uk

Bassam Elsaied
bassam.elsaid
@bristol.ac.uk

Robert Scheichl
R.Scheichl

@bath.ac.uk

Richard Butler
R.Butler

@bath.ac.uk

RC1 Multiscale 
Performance 
Modelling

Ege Arabul
Ege.Arabul@
bristol.ac.uk

Jay Srisuriyachot
Js2580

@bath.ac.uk

Arjun Radhakrishnan
arjun.Radhakrishnan

@bristol.ac.uk

Qiuji Yi
qiuji.yi@

bristol.ac.uk

Vincent Maes
vincent.maes
@bristol.ac.uk

Ian Sinclair
i.Sinclair

@soton.ac.uk

Robert Hughes
robert.hughes
@bristol.ac.uk

Paul Wilcox
P.Wilcox

@bristol.ac.uk

James Kratz
James.kratz

@bristol.ac.uk

Stephen 
Hallett

Stephen.Hallett
@bristol.ac.uk

RC2 Features 
and Damage 

Characterisation

Cynthia Bullock
roy.bullock@
bristol.ac.uk

Emily Leung
emily.leung

@bristol.ac.uk

Rafael Ruiz 
Iglesias

rafael.ruiziglesias
@bristol.ac.uk

Riccardo Cappello
riccardo.Cappello
@bristol.ac.uk

Tobias Laux
tobi.laux@bri
stol.ac.uk

Geir Olafsson
geir.Olafsson
@bristol.ac.uk

Janice Barton
Janice.barton
@bristol.ac.uk

RC3 Data Rich 
High Fidelity 
Structural 

Characterisation

Thomas 
Maierhofer
Tam48

@bath.ac.uk

Sinan Xiao
Sx450

@bath.ac.uk

Carl Scarth
C.Scarth

@bath.ac.uk

Dave Woods
D.Woods

@soton.ac.uk

Karim Anaya‐
Izquierdo

k.anaya‐izquierdo
@bath.ac.uk

Andrew Rhead
a.t.rhead

@bath.ac.uk

Ole Thomsen
O.Thomsen

@bristol.ac.uk

RC4 Integration 
and 

Methodology 
Validation

Wed

Wed

Tues Tues

Thur


