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Background and Introduction to EASICS
EASICS pronounced as ‘E-six’01
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Establishing AMR Structural Integrity 
Codes and Standards for UK GDA

▪ BEIS* Advanced Manufacturing and Materials 
Phase 2 Project 2019 – 2022

▪ BEIS Codes & Standards Phase 1 project 
highlighted shortfall in guidance for AMRs

▪ EDF Energy led collaboration with Rolls-
Royce and UK National Nuclear Laboratory

▪ Four Work Packages (WPs), with WP1 
focused on the development of probabilistic 
structural integrity guidance

▪ WP1 led by Rolls-Royce and supported by 
Frazer-Nash Consultancy, UK National 
Nuclear Laboratory and University of Bristol 

4

*BEIS Former UK Gov. department for Business, Energy and Industrial Strategy
GDA Generic Design Assessment

EDF Energy

Rolls-Royce

University of 
Bristol

Frazer-Nash 
ConsultancyUK National 

Nuclear 
Laboratory
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SI Codes and Standards Context

▪ Nuclear SI ‘lifing’ practice is predominantly deterministic 
using ‘stress-based’ codes such as ASME III, based on 
arbitrary factors applied to inputs

▪ Leads to inconsistent measure of margin to failure (and 
what does failure actually mean?)

▪ Tends to result in the accumulation of pessimism at the 
local component / feature level and difficult to evaluate 
wider system interactions

▪ Probabilistic and Structural Reliability approaches are 
considered to provide a more balanced approach to 
evaluating risk and focus of effort

▪ Probabilistic and deterministic are complementary 
approaches, not polar opposites

▪ Improvement in awareness needed

5

• Contrasts with Limit 
State codes such as 
ISO2394

• Also notable 
exceptions such as 
AGR graphite
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The Three Ages of Probabilistic SI….
6

Sound Engineering 
Practice

ONR non-prescriptive goal-
setting environment
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EASICS WP1 Objectives

▪ Provide procedural guidance for probabilistic SI, for UK AMR 
application in support of GDA that could be incorporated in 
recognised procedure / codes and standards (eg R5, ASME)

▪ Principles-based with pan-design applicability to all 
components, material degradation mechanisms and structural 
failure modes, eg fracture, creep rupture, creep-fatigue 
initiation, crack growth and distortion / deflection based 
performance are within scope

▪ Not restricted to components with a particular level of safety 
classification and can be applied to all, including those with 
the highest reliability requirements

▪ Use a data-centric lifecycle approach throughout the lifecycle 
starting with early-stage maturity scoping studies and design 
trade studies leading towards the assessments required for UK 
GDA

▪ Enable the data generated throughout the lifecycle to inform the SI 
assessment, eg in-service-inspection (ISI) and structural health 
monitoring (SHM)

▪ Emphasis on simplicity with a hierarchy of approaches

7
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Application of Probabilistic SI to 
Operational Data

M Martin, R Marshall, P Reed, Data-Centric 
Structural Integrity Assessment and Risk-Informed 
Asset Management using Operational data and 
Probabilistic Updating, PVP2022-84526, Las Vegas, 
July 2022 

▪ Pressure retaining pipe with fully extended weld 
defect 

▪ R6 assessment procedure using Option 1 FAD 
accounting for fatigue crack growth

▪ Monte Carlo simulation using random sampling from 
input distributions of material properties and 
geometry – cracks grown to end-of-life using 
sampled values
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Application of Probabilistic SI to 
Operational Data – Reliability Updating 
using In-Service Inspection (ISI)

IS
I

IS
I

1) Simple ‘re-setting the clock’ at ISI interval

IS
I

2) Application of Bayesian inference together with ISI
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Application of Probabilistic SI to 
Operational Data – Reliability Updating 
using Fleet Data

▪ In fatigue crack growth assessment, typical to pair transients 
and order sequence of events to maximise damage, 
potentially highly conservative with unrealistic combinations

▪ Information on actual transient sequence can be informed by 
operating data and historical data if available, can be used to 
generate probability matrix of transient sequence

▪ Markov-Chain Monte Carlo used to sample transient 
sequence together with input data

▪ Opportunity to combine fleet data to inform transient 
probability matrix and basis for optimising inspection 
strategy

Transient 
(i)

Probability of Transient (i+1)

A B C D E

A 0.00 0.00 0.50 0.04 0.46

B 0.00 0.00 0.20 0.00 0.80

C 0.16 0.33 0.51 0.00 0.00

D 0.20 0.00 0.00 0.00 0.80

E 0.05 0.40 0.00 0.01 0.54

operating
history

A i
B i+1

C i+1

D i+1E i+1

0 0

0.5

0.040.46
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Procedural Guidance
▪ Follows well-established approach from 1999 TAGSI subgroup

▪ R Bullough, VR Green, B Tomkins, R Wilson, JB Wintle, A review of 
methods and applications of reliability analysis for structural 
integrity assessment of UK nuclear plant, Int. J. Pres. Ves. Piping 76 
(1999) 909-919

13

Practical 
engineering 
approaches

TAGSI The UK Technical Advisory Group 
on the Structural Integrity of High 
Integrity Plant
FORM First Order Reliability Method
PSF Partial Safety Factor

compare with target reliability
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Level 3
14
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Repeating Units
15

▪ Guidance provided on aggregation of 
failure probability at component level 
resulting from:
▪ Repeating units, and regions within units

▪ Correlation between units

▪ Limiting / redundancy

▪ synergistic effects in degradation mechanisms

Nested approach 
for correlated and 
uncorrelated units 
within a component
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Future Direction

03
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The TAGSI Four-Legged Approach to SI Safety Case

The demonstration of 
incredibility of failure in 
structural integrity 
safety cases, R. 
Bullough, F.M. Burdekin, 
O.J.V. Chapman, V.R. 
Green, D.P.G. Lidbury, 
J.N. Swingler, R. Wilson, 
Int. J. Pres. Ves. Piping 
78 (2001) 539-552

1. Good Design 
and 

Manufacturing 
Experience

Well defined loading and 
temperatures

Good design based on 
historical experience

Good choice of materials

Good manufacture

Pre-service inspection

Good operation and 
maintenance

Control of modifications

Well-defined operator action

2. Testing

Pressure test

Proof test analysis including 
degradation

3. Failure 
Analysis

Materials property 
determination

Pre-service inspection

In-service defect growth

Materials ageing and 
degradation determination

Fracture analysis (warm pre-
stressing, recharacterisation 

following snap-through, stable 
tearing, dynamic crack arrest)

4. Forewarning 
of Failure

Leakage monitoring

Recharacterisation following 
snap-through

Materials monitoring

Plant monitoring of operating 
parameters and precursor 

events

Operational feedback from 
other plant

Appropriate action in the event 
of abnormailities

Reflections from practical 

application:

• Bullough paper discusses 

worth and time-dependency of 

legs

• but balance of legs difficult to 

quantify

• and current approach not 

amenable to updating with new 

data
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The TAGSI Four-Legged Approach to SI Safety Case

The demonstration of 
incredibility of failure in 
structural integrity 
safety cases, R. 
Bullough, F.M. Burdekin, 
O.J.V. Chapman, V.R. 
Green, D.P.G. Lidbury, 
J.N. Swingler, R. Wilson, 
Int. J. Pres. Ves. Piping 
78 (2001) 539-552

1. Good Design 
and 

Manufacturing 
Experience

Well defined loading and 
temperatures

Good design based on 
historical experience

Good choice of materials

Good manufacture

Pre-service inspection

Good operation and 
maintenance

Control of modifications

Well-defined operator action

2. Testing

Pressure test

Proof test analysis including 
degradation

3. Failure 
Analysis

Materials property 
determination

Pre-service inspection

In-service defect growth

Materials ageing and 
degradation determination

Fracture analysis (warm pre-
stressing, recharacterisation 

following snap-through, stable 
tearing, dynamic crack arrest)

4. Forewarning 
of Failure

Leakage monitoring

Recharacterisation following 
snap-through

Materials monitoring

Plant monitoring of operating 
parameters and precursor 

events

Operational feedback from 
other plant

Appropriate action in the event 
of abnormailities

understand balance between legs

quantification of ‘leg worth’ with time
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EDF Energy

Imperial College 
London

The University of 
Manchester

University of 
Bristol

UKRI Science and 
Technology 

Facilities Council
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Data-
Centric 
Engineering

Quantum Error Correction | 
QEC Project

Early adopters position 
themselves for quantum 
advantage – Physics World

National Quantum 
Computing Centre - UKRI 
NQCC

V&V Validation and Verification
NDE Non Destructive Examination
SHM Structural Health Monitoring
EHM Equipment Health Monitoring
ISI In-Service Inspection

• Holistic use of 
lifecycle data from 
raw material and 
manufacture 
through to 
operation, 
maintenance and 
decommissioning

• Product and fleet 
digital twins of 
degradation 
mechanisms

• Uncertainty 
quantification and 
probabilistics

• Integrated physics-
based multiscale 
models

• Surrogate and 
reduced order 
approaches

https://www.qecproject.co.uk/
https://www.qecproject.co.uk/
https://physicsworld.com/a/early-adopters-position-themselves-for-quantum-advantage/
https://physicsworld.com/a/early-adopters-position-themselves-for-quantum-advantage/
https://physicsworld.com/a/early-adopters-position-themselves-for-quantum-advantage/
https://www.nqcc.ac.uk/
https://www.nqcc.ac.uk/
https://www.nqcc.ac.uk/
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Thank you for your attention!

michael.martin@rolls-royce.com
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