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Reference cemented package 

T7.2 State of the Art (SoTA), Reference package 
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T7.3 Integrity Testing and Monitoring Techniques

▪ Investigation of the relevant conventional and innovative NDE/monitoring techniques

▪ Adaptation for using under typical storage conditions, and implementation into

individual waste packages, for wireless data transmission and wireless energy supply

▪ Integrity testing by means of relevant technologies using full-size package mock-ups is

the aim

▪ Provide guidance for technology selection, deployment and automation
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Waste Drum Embedded Sensors (BAM) 

Dimensions: Ø 3cm x 1.5cm

PVC case

ePTFE membrane

Sensors

Resin

▪ SensorNode
A device that can measure relative humidity, temperature and pressure. 

The membrane's pores allow water and gas particles to pass through 

and let the enclosed air equilibrate with the external environment. 

It’s possible to connect multiple units in order to create a distributed 

matrix of uniquely identifiable measurement points. 

• Onboard sensors: 
• Honeywell ABP2LNNT400KA2A3XX

• Absolute pressure range: 0-400kPa

• Honeywell HIH8131-021

• Relative Humidity range: 0%RH – 100%RH

• Temperature range: -40 °C to 125 °C

• Power consumption: 
The energy consumption of one measurement cycle for each node is about 0.4mAs (20mW x 

60ms). 

• Limitations
• Max 64 nodes on the same bus (Unique ID limit)

• Max 6m water depth (Membrane limit)

• Max 10m cable length (Communication protocol limit)
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installed on 

stillage

installed on 

standalone drums

WiFi front-end 

and data 

acquisition 

electronics

80 cm

SciFi (Scintillating Fiber)

gamma ray detector

10 cm

SiLiF (Silicon Lithium Fluoride) 

neutron detector

SciFi and SiLiF detectors for external monitoring
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Wireless Radiation Monitoring Network Architecture

UniPi Approach: technology implemented as distributed Wireless Sensor Radiation Monitoring Network (WSRMN) of

sensorised micropower end-nodes to be installed on waste drums and communicating through Long Range Radio technology

(LoRa)

Goal: develop a flexible and autonomous monitoring system for the identification

and monitoring of the structural integrity of RWDs, improving the safety and security, while

minimizing errors due to human intervention and maximizing the storage capability.

LoRa

WSRM-Node

Detectors

Detectors

Signal

Chain

Signal

Chain

Mechanical

Holder

MQTT

Broker

Cloud services: Azure, SQLite, 

InfluxDB etc.

Gateways

LoRa

Communication

WSRM 

Nodes
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• Muons are highly penetrating

• Can be deflected by high density materials

• Average deflection informs on the density profile

• Test with samples of various metals in cement  

Cosmic

muon

q average 

deflection

Top view (sketch)

Top view (real data)
Side view (real data)

Looking inside thick objects: Muon Tomography
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Background T7.4 Digital Twin
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PREDIS WP7: develop and research tools for 

monitoring cemented waste packages to 

better understand and utilize the available 

data, with the possibility to detect and even 

predict important features from the measured 

data: 

(1) How long will the concrete last?

(2) Which measurements are truly relevant? 

(3) What is the current condition?

→ Ample data! Good data handling helps to 

minimize potential errors and reduce the risks 

related to data processing. A need for a 

versatile data platform!

T7.5  Data handling, processing and fusion

Aim: building the condition monitoring system of predisposal storage. 
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Condition Monitoring System Overview
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❑ business intelligence (BI) process (gather/organize data; query the data/visualize.

➢ use the information for decision making

❑ information for decision making & strategic planning

• Online Analytical Processing (OLAP)

o data is aggregated on metrics pH, temp., pressure, …

o data is associated with multiple dimensions time, place, categories, ...

o data can be ”sliced” / ”diced” / …. by filtering & segmenting  !slow to write, fast to query!

→ visualization using DASHBOARD (ALARMs/STATUS ...)

→ interactive  ANALYSES

→ generating REPORTS

A decision platform can be considered a holistic solution for enabling centralized decision 

management that incorporates data driven insights & analytics, along with human expertise.

 increase safety, reduce uncertainty, decision making for intervention
  designing of a waste route modelling system utilizing LCA/LCC data

Decision Platform
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Implemented as a website

contact: reka.szoke@ife.no

PREDIS Decision Platform
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WP7 EU 

needs

SOTA

Parameters to 

control/ monitor

Mock-up/waste

package 

Technologies to 

be tested

Demonstration

test location 

WP7 EU Ref. storage

configuration

• UJV 

• NNL

WP7 EU 

storage
configuratio

n 

• Magnox mock-up 

• UJV  Mock-ups

RFID embedded sensor

Sensorized identification box for 

radiation monitoring 

IoT pressure sensor

Ultrasound
SiLif neutron detector

SciFi gamma monitor  Implementation

and 

demonstration

Specificationsfor  
Demonstration

test(s)

Task 6

Reference 

package 2 

Evaluation & demonstration of technologies and systems

• Cracks 

• In/external corrosion of 

the metallic container

• Dose rate 

• Leakage of liquid

• Gas emissions

• Surface contamination

Reference 

package 1

EU packages
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Mock-ups used for demo tests

15

Technology

Developper

Matrix

Dimensions

External container

Phenonema expected

Parameter followed

Package producer

Test location

Additionnal Vented

Non active mock ups

BFS:OPC (>75 % BFS) + Magnox inactive waste

Cylindrical; 500 L (D = 800 mm, H = 1200 mm)

single skin

/

swelling, external corrosion, leakage

NNL

Active mock-up

NNL legacy inactive package

Air-coupled US

NNL

UJV

SciFi + SciLiF & Sensorized RF identification box

INFN & UniPi

Concrete mixture based on OPC with sand filler (UJV recipe)​

Cracks (through wedges)

Dose rate

UJV

UJV

Mock-up 1.2 Mock-up 2

NNL

Hole in the matrix for insertion of 137Cs (180MBq) source

Belgian formulation – reactive cement IAW BAM

RFID embedded sensor with Iot pressure sensor

BAM/VTT & Magics

Non vented

Volumetric expansion, Cracks in the matrix

Humidity, temperature, pressure

UJV

216 L drum (D = 620 mm, H = 876 mm) 216 L drum (D = 620 mm, H = 876 mm)

single skin Single skin
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material shape size [cm]

1 stainless steel cube 3x3x3

2 stainless steel cube 5x5x5

3 stainless steel cube 10x10x10

4 stainless steel cylinder diam=10; H=5

5 stainless steel cylinder diam=15; H=10

6 stainless steel bar diam=2; L=6

7 stainless steel bar diam=3; L=25

8 stainless steel sphere D=10

9 stainless steel toroid D=10; d=5.5; h=1.5

10 stainless steel triangle thickness 2; b=7; h=12

11 lead cube 1.5x1.5x1.5

12 lead cube 3x3x3

13 lead cube 5x5x5

14 stainless steel cube 1.5x1.5x1.5

15 stainless steel bar diam=1; L=30

Stainless steel 1.4301 Concrete C16/20

during fabrication at UJV

X-ray images

Mockup drum for tomography

the horizontal support
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Demonstration test at NNL with Magnox package

3D point cloud - stitched from a combination of 3D 

scans collected using a Phoxi camera mounted onto a 

kuka manipulator end effector

Sensor Fusion

To build a full 
picture of the drum -
Multiple scanning 

methods will be 
required -

complementing 
each other with the 
missing information 

from each type of 
sensor.
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Specifications for demo test at UJV

▪ Optimized storage configuration for the 

demo test is:

• 27 cemented packages 

• 8 stillages

• 2 mock-ups

1. Mock-up 1.2: Non-active mock-up 

(RFID + IoT)

2. Mock-up 2: Active mock-up (RF + 

SciFi + SciLif)

▪ Timeline: Q4 2023/Q1 2024

▪ Duration of UJV test: 3 months

H= 1,12 m
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WP7 Innovations in cemented waste 
handling and pre-disposal storage

Update of Task 7.3 ‒ Embedded Monitoring

LEONE PASQUATO (BAM) & ESKO STRÖMMER (VTT)

WP7 Workshop, 25th of May 2023
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Introduction

12/06/2023 21

▪ The aim is to long-term monitor by embedded batteryless sensors the process of hardening and 

the evolution of the concrete itself over time, to indirectly identify potential defects such as 

corrosion or cracking of metallic waste drums. 

▪ It is necessary to develop a technology able to transmit power and communicate through the 

metal layer of the sealed drum, as well as develop low-power sensors able to work embedded in 
concrete.  

These two main tasks have been carried out by BAM and VTT:

• BAM: development of a net of custom low-power measurement units (SensorNode) that allow the 

onboard sensors to measure the state of the concrete without being in direct contact with it. 

• VTT: development of a customized RFID solution to power sensors and transfer data through solid metal 

structures.
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Sensor instrumentation in the waste drum (BAM)

226/12/2023

▪ SensorNode

• The membrane's pores allow water and gas particles to 

pass through and let the enclosed air equilibrate with the 

external environment. 

• One measurement cycle for each node requires about 

0.4mAs (20mW x 60ms). 

• Onboard sensors: 

• Absolute Pressure (0 to 400kPa)

• Relative Humidity (0%RH to 100%RH)

• Temperature (-40 °C to 125 °C)

• Limitations:

• Max 64 nodes on the same bus (Unique ID limit)

• Max 6m water depth (Membrane’s permeability limit)

• Max 10m cable length (Communication protocol limit)

Dimensions: Ø 3cm x 1.5cm

PVC case

ePTFE membrane

Sensors

Resin
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Sensor data acquisition system (VTT)

236/12/2023

▪ Red parts: PREDIS specific HW and SW

▪ Pink parts: Commercial HW, PREDIS specific SW

▪ Blue parts: Commercial devices

Local
GUI

Power
supply

External
 microcontroller

unit 
Network
gateway

External 
RFID 
reader 

RS422

DC Power

Embedded
RFID
unit

PREDIS
Reference

Waste Drum

S1

S2

S3

S4

S5

Sensor
units of
BAM

BT

WiFi
I2C

Mains
electric
power

Azure
cloud
server

Power
supply
8 -18 V
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Customized RFID (VTT) 

12/06/2023 24

▪ The contactless powering and data uplink of the sensors in the drum 

is based on a couple of UR ferrite core antennas, symmetrically 

placed on the inner and outer surface of the drum.  

▪ The PREDIS mock-up is a 1.4 mm thick steel drum, with a total gap 

between the antenna cores of about 2 mm. The maximum power 

transfer (about 1%) is achieved by superlow frequency carrier (100 

Hz). With a similar non-magnetic stainless steel drum, the power 

efficiency would be much higher. 

▪ The required time to transmit enough energy to control up to 5 

SensorNodes is about 30sec.

View of a UR ferrite core with wrapped coil
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First drum integration at BAM 9-12/05/2023

256/12/2023

Measured data uplink signals of five sensors: 

• Blue: Embedded RFID unit transmitted data

• Red: External RFID unit received data

• Green: Regenerated data in the External μC unit

• Yellow: Embedded RFID energy storage voltage

Drum Instrumentation
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Further activities in PREDIS Task 7.3

266/12/2023

▪ June 2023: Start experiment with Mockup 1.1 @BAM 

▪ Autumn 2023: PREDIS demonstration of Mockup 1.2 @UJV (same setup as Mockup 

1.1 with cloud database integration)

▪ Autumn 2023: Demonstration by VTT @TVO
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WP7.4. Step towards Digital Twins

RAINER DÄHN, DAN MIRON (PSI)

25th of May 2023
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Background T7.4 Digital Twin
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T7.4 Digital Twin

Subtasks :
• T7.4.1 Geochemical evolution and mechanical integrity monitoring

 (Responsible: NRG, Hans Meeussen)

• T7.4.2 Experimental characterization of cemented waste packages for model 
 validation and calibration (Responsible: PSI, Rainer Dähn)

• T7.4.3 Development of a toolkit “Digital twin” (Responsible: PSI, Dan Miron)
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Background – 200l drums with waste

empty space

mortar

steel casing of the 

200 l drum (0.135 cm)

   steel reinforcement

pressed waste
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Background – Swiss Federal Interim Storage Facility (BZL)
Swiss Federal Interim Storage Facility on the PSI campus was built for the interim storage of all 

radioactive waste from medicine, industry, and research and began its operation in 1992.. Capacity

for interim storage is expected to be needed up to 2065. 
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Material inventory 
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Activity inventory according to gamma spectrometry 
measurements in January 2022 (initial nuclide Na-22)

Inventory data together with the sampling concept were
submitted to the Swiss Federal Nuclear Safety Inspectorate ENSI
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Some paperwork

05.04.2022 20.06.2022
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Sampling of two cement drums created in 1994
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Sampling of cement drums created in 1994
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Reconditioning

Content of the drums

Number of the drum Material Mass [kg] Date of the clearance
measurement

P-1303, P-1312 Stell 200-l-drums 57 26.08.2022
P-1312 Steel of the waste drums 42 25.10.2022

P-1303, P-1312 Inaktive mortar 406.5 16.11.2022
P-1303 Steel of the waste drums 48.5 24.11.2022

P-1303 Rubber, paper/wood, plastic, 
PVC

62.1 Condinioned as burnable
waste

P-1312 Aluminium, paper/wood, 
plastic, PVC

54.5
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Compression strength

XRD/TGA

XRD/TGA

1312 1303

Compression strength: 74.9 MPa
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Young Modul 

1312

1303

E-modulus 24.7 GPa

E-modulus 29.5 GPa
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Mercury porosimetry

Porosity:
41.7 mm3/g for 1303 
49.6 mm3/g for 1312
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XRF
Parameter 1303 1312

SiO2 MA-% 65.9 62.17
Al2O3 MA-% 1.56 1.76
Fe2O3 MA-% 0.75 0.83
Cr2O3 MA-% < 0.003 < 0.003
MnO MA-% 0.016 0.019
TiO2 MA-% 0.069 0.074
P2O5 MA-% 0.029 0.032
CaO MA-% 17.96 19.87
MgO MA-% 0.27 0.31
K2O MA-% 0.35 0.39
Na2O MA-% <0.06 <0.06
SO3 MA-% 0.41 0.36
LOI MA-% 12.59 14.06
Summe MA-% 99.9 99.88
TC MA-% 0.63 0.69
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XRD

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

in
te

n
s

it
y
 /

 c
ts

2ϴ CoKα / °

1303

1312

E

AFm(ss) = AFm solid solution

CSH = C-S-H phases

E = ettringite

Hg = siliceous hydrogarnet

Ht = hydrotalcite

P = portlandite

Q = quartz

E

E E

E E
E

E

Q

QP

P

P

Hg

CSH

CSH

E
Hg

Ms

AFm(ss)

Ht
Hg Hg Hg

E



12/06/2023 43
This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 945098.

TGA
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Digital TWIN 1.0 a toolkit of models

12/06/202344

• A collection of models (simplified) that predict the evolution.

• Ability to run processes on different compositions / input 
waste package properties.

• Asses different waste package compositions for possible problems 
in chemical evolution.

• Predict the normal evolution and identify exceptional cases using 
monitoring.
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Mixing tank approach + kinetics
12/06/202345

Homogenized waste package materials (waste, backfill, container etc.) with reactions in the liquid, gaseous 

and solid phases and in between the phases via estimated reactive surface areas and specific kinetic rate. 

Schematic diagram of a cemented waste package: Cement solidified dispersive and bulky waste in a 

200 L steel drum. (Wällisch, A. 2020. Paul Scherrer Institut, Villigen, Switzerland. Pers. Comm.)

Simplified reaction stoichiometry

SiO2(s) + 2 H2O = H4SiO4(aq)

x Me + y H2O = MexOy + y H2

2 {CH2O} = CH4 + CO2

Ca(OH)2 + CO2 = CaCO3 + H2O

Schematic presentation of degradation processes in the waste package (Wieland 2019)
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Technical implementation / user interaction

12/06/202346

• Use of Jupyter notebook development environment to run 
the models based on user input 

• Can call GEMS/Orchestra/other codes/ for doing geochemical 
calculations

• Different models can be added, input/output can be developed 

• Can be run on an online platform (e.g., GeoML.eu, google 
colab, binder, setup on Azure) or installed and run on a local 
machine (use of sensitive data) 
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https://digitaltwin.geoml.eu/ - demo 
hydration/carb.

12/06/202347

For developers:

Scripting, running models

For users:

User interface, process modeling

Shrinkage upon hydration Integrity evolution as a function of time
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Ongoing work

12/06/202348

• Implement additional models

• Refine the input and output – user interaction

• Would need access to a database of waste composition (to provide 
relevant input for users) 



12/06/2023 49
This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 945098.

Digital TWIN 2.0 – real time 
monitoring/evolution 

12/06/202349

• Data cycle between package – sensors and database

• Data cycle between the Digital Twin and the database

• data formats / interfaces to connect and queries  to retrieve data
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Work on ASR example 

12/06/202350

• Laboratory experiments – accelerated alkali-silica-reaction

• Analytical model for expansion and strain evolution 

• Monitoring at the waste package level – used to actively optimize a 
model that then can make predictions 

• Simple geochemical / kinetic model for aggregate dissolution and 
ASR product formation could also be tested

• In principle the model can also be used in DT 1.0
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Github (actions) and metadata

12/06/202351

• https://github.com/predis-h2020 (public) - everybody is welcomed 
– can be also transferred to other solutions

• Develop a consistent solution from the minimal example – works / 
tested / can be referred by everyone 

• github actions a “free” solution that can be used in the 
demonstrator to trigger the DT workflow.  

• Can run on Azure or locally (private data)

https://github.com/predis-h2020
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Spare slides
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Characterization at PSI of bottom/top part

• Optical microscopy

• Pore water press – tried but no water was coming out

• Total digestion

• Thermogravimetry

• Mercury porosimetry

• XRD/XRF (lab or synchrotron based)

• ICP-OES/MS

• REM/EDX

• Raman spectroscopy

• Soft X-ray absorption spectroscopy, Ca-edge (synchrotron 
based, 1300 – 4040 eV)
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Characterization at PSI/EMPA of bottom part

• Pore water press – tried but no water was coming out

• Compression strength and young modul

• Thermogravimetry

• Mercury porosimetry

• XRD

• XRF 

• Concrete of the lid: Soft X-ray absorption spectroscopy, Ca-
edge (synchrotron based, 1300 – 4040 eV)
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Limited/Unlimited water

12/06/202355

• Only free water entrapped in 
the waste package was 
available for reaction

• The reactivity ceased already 
at ~1500 years for silicious 
and 8000 for calcareous 
aggregate

Waste materials

Cement materials / minerals



12/06/2023 56
This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 945098.

Silicious/Limestone aggregates

12/06/202356 Silicious

Calcareous

▪ Unlimited water

▪ pH, Ca/Si of CSH
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Demonstrator

12/06/202357

• Mockup demonstration of the Digital Twin workflow

• Sensors – database – models -> predictions – database

• Working on a reproducible workflow that can be iteratively 
extended and improved (tests for corresponding features)

• Minimum working example (simple model, no frontend, etc.) of the 
data flow.
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Automated DT workflow

12/06/202358

• Automated script (in a virtual machine) 
• Connects to the database -> data for package xyz for a given time period 

(dataframe, json)

• Metadata and schemas are used to process the data as input for DT model 

• Model is reparametrized and used to make future predictions – saved in 
database (with metadata and model) -> data lake 
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Monitoring experiments on ASR 
affected barrels

T R I  P H U N G ,  S U R E S H  S E E T H AR AM ,  L AN D E R  F R E D E R IC K X ( S C K - C E N )

G E R T  D E K K E R S ,  D YL AN  G YB E L S ,  J E N S  VE R B E E C K ( MAG IC S  T E C H N O L O G IE S )
C AR L O T  VAL G AE R E N ,  T H O MAS  H U YS ,  G E R T  VAN L O MME L ,  G IE L  W IL MS  

( B E L G O P R O C E SS )

P R E D IS  AN N U AL  W O R KS H O P ,  2 4  MAY 2 0 2 3
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What’s happening inside?
Efficient/safe inspection, early warning, …

Cemented waste drum 

in a pre-disposal 

storage facility
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What’s happening inside?

Sensing Digital twin

≈
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What’s happening inside?

Sensing Digital twin

≈

Validation &

Calibration
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What’s happening inside?

Sensing

≈

Validation &

Calibration
Digital twin



This project has received funding from the Euratom research and training 

programme 2019-2020 under grant agreement No 945098.

Why do we want 
to monitor?

▪ Cement-based materials for 

immobilization of LILW.

▪ However, long term deterioration of 

waste packages cannot be ruled 

out.

▪ Alkali-Silica Reaction (ASR)

is a potential deterioration process 

that can cause de-stabilization of 

the waste matrix.

12/06/2023 64



This project has received funding from the Euratom research and training 

programme 2019-2020 under grant agreement No 945098.

What do we 
want to monitor?

▪ ASR produces an expansive gel 

which leads to internal pressure 

and cracking of the concrete

12/06/2023 65

▪ Strain

▪ Temperature

▪ Humidity

▪ Pressure

▪ Stress releases by 

means of Acoustic 

Emission

Reference Non-destructive methods

validation
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What do we 
want to monitor?

▪ ASR produces an expansive gel 

which leads to internal pressure 

and cracking of the concrete
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▪ Strain

▪ Temperature

▪ Humidity

▪ Pressure

▪ Stress releases by 

means of Acoustic 

Emission

▪ Digital twin model

Reference Non-destructive methods

validation

≈
validation
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What do we 
want to monitor?

▪ ASR produces an expansive gel 

which leads to internal pressure 

and cracking of the concrete
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▪ Strain

▪ Temperature

▪ Humidity

▪ Pressure

▪ Stress releases by 

means of Acoustic 

Emission

▪ Digital twin model

Reference Non-destructive methods

validation

≈
validation

Focus
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Data collection setup
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Lab scale Drum scale
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Lab scale Drum scale
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Sensors and 
placement

▪ Inside concrete

• Vibrating strain gauge (8)

• Temperature (8)

▪ Lid of the barrel

• Pressure

• Humidity

▪ Ambient

• Temperature

• Humidity

▪ Acoustic Emission 
(top of concrete, circumference of the barrel)

12/06/2023 71



This project has received funding from the Euratom research and training 

programme 2019-2020 under grant agreement No 945098. 12/06/2023 72

Vibrating strain wire

Temperature sensor

Placement based on a 

digital twin model
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Temperature,

Humidity,

Pressure

Heating belts
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Multiplexer

Frequency

Analyser

AE pre-amp

Digital scope

Dashboard

DAQ

Multiplexer

Multiplexer
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Logging architecture
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Acoustic Emission

ADC

Datalogger

(strain, T, …)

Magics local

server

Magics

Cloud

Dashboard /

Alerting

MS Teams

Data 

analysis
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Logging dashboard
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▪ https://34.140.215.210/dashboards

▪ User: guest

▪ Password: magicstech

https://34.140.215.210/dashboards
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Experiments

77
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Material
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▪ Mortar samples

▪ w/c ratio = 0.47

▪ Sand/cement = 2
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Lab-scale experiment

12/06/2023 79

Mortar bar test instrumentation

Mortar bar emplacement in high T chamber – at 80 °C

Emplacement in a typical 

industrial ASR chamber 

at 38 °C

Duration: 1 year
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Key data for digital twin – expansion curves
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Highly reactive
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Drum-scale experiment - design
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▪ 2 mixes

• RCA – recycled aggregate

• SIB – Sibelco sand

▪ 2 temperatures

▪ Duration: 

Portland

Cement

Portland + 

Aggregate

Ambient

Conditions

Accelerated

Conditions
38 degrees, >95% humid

2 years

SIB_2_20 RCA_20

RCA_38SIB_2_38

>95% humid
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Drum-scale experiment - temperature

12/06/2023 83

Laboratory expansion is at 38°C, but 

prevailing temperature at the drum 

scale is higher. This will have some 

impact on our predictions 

SIB_2_20 RCA_20

RCA_38SIB_2_38

Temperature chamber

1 3

2 4
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Drum-scale experiment - strains

12/06/2023 84

Laboratory expansion is at 38°C, but 

prevailing temperature at the drum 

scale is higher. This will have some 

impact on our predictions 

SIB_2_20 RCA_20

RCA_38SIB_2_38

Temperature chamber

1 3

2 4
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Digital twin
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Digital twin workflow
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Sensing

Digital twinLaboratory data

Improved 

understanding 

of in situ 

performance

Update the model

Compare with 

measurements

Industrial scale experiments
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Digital twin

87

▪ Predict 2-year evolution of 

ASR process at the drum 

scale.

▪ A simplified chemo-

mechanical model to 

enable prediction.

12/06/2023
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Preliminary results – Blind prediction of strain evolution
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Predominantly 

autogenous 

shrinkage

ASR dominance
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Evaluation of stresses
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With preliminary parameter values, the model 

shows that cracking potential is low.  However, it is 

too premature to make conclusions because only 

300 days of data available and ASR can continue 

long after.
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Future work
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Future work

12/06/2023 91

▪ Integrating dataset(s) with Predis’s dataset standard

▪ Correlation of Acoustic Emission w/ strain?

▪ Quality assurance of drum scale experimental data.

▪ Deploy new experiments to support drum scale simulations, 

depending on available budget.
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Collaborative steps

12/06/2023 92

PSI 

Digital twin 
deployment 

(azure, github, 
any)

SCK CEN

Drum scale 
simulations and 
surrogate model

BAM

Gaussian process on 
lab scale ASR data, 

and potentially 
independent 

verification of FEM 
model

NRG-
AMPHOS21

Geochemical 
model of ASR to 

quantify 
volumetric 
expansion
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