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ECM explosive scenario rendered in AECAT Virtual Globe
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Ammunition and Explosives Consequence Analysis Tool (AECAT)
AECAT Development Team

* Lloyd’s Register Advisory
(Martec Ltd.) based in Halifax, Nova Scotia

* Explosion & Fluid Dynamics Team

* Modelling explosive events and blast effects
on structures, personnel

Boston.

* Threat assessments
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* Vulnerability, damage, and injury prediction

* Advanced modelling: FSI, UNDEX

* In-house software development: Chinook

(20+ yea rS) s Integrated Platform (eg , RC P) Halifax Waterfront and Downtown Halifax [Source: developns.ca]
(10 years)

* Leading development of AECAT for Canadian
Department of National Defence / DAER



Ammunition and Explosives Consequence Analysis Tool (AECAT)

Integrated Data Fusion Platform

» Fast and physically-accurate blast assessments in real-
world, GIS-based coordinates

 Fusion of geospatial data from multiple sources
» Capability highlights:

* CFD-based fast air blast solver (blast effects)

* Fast primary fragmentation and trajectory solver (frag
effects)

* Detailed threat modelling with continuum breakup

*  Fragmentinjury/lethality (statistical)

* Target performance on laptops / workstations

* 10 minutes (minimal fidelity)

. . ] Example urban blast outcomes from RCP calculation (top, right),
* 60 minutes (sta ndard fid ellty) detailed threat definition in RCP Expert User Interface (bottom) 5



Ammunition and Explosives Consequence Analysis Tool (AECAT)
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* Build upon established data fusion platform for
consequence analysis of storage-based explosive
scenarios

* Prediction of vulnerability and damage from
explosive event at PES

* Fusion of physics-based and QD-based outcomes
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Primary fragmentation outcome in AECAT (bottom), and DFD18 QD
table entry (top) [Source: AASTP-1 Ed. C]



Ammunition and Explosives Consequence Analysis Tool (AECAT)
AECAT Motivation and Use Cases

* Provide support for A&E risk-based licensing tasks

* Review existing QD approaches with site-specific
details not captured in standard approaches

» Effects of terrain, structures, barricades,
infrastructure, etc.

 Facilitate analyses for:
» Marginal and/or atypical storage scenarios
* Expeditionary/deployed storage scenarios

» Consequence mitigation / sensitivity studies

* Risk and loss assessments

. d ECM and stacks modelled in AECAT (top), and non-standard
*  Forensic or event reconstruction ammunition storage magazines at CFAD Bedford (bottom)

[Source: Google Maps]



AECAT Modelling
Approach



Ammunition and Explosives Consequence Analysis Tool (AECAT)

Blast and Fragmentation Modelling

* Full-physics, computational fluid dynamics (CFD)

* Fast blast solver

* Detailed solver (continuum breakup, scientific tool)

* Fast primary fragmentation solver
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* Generalized 3D Gurney model (initial fragments)

* Fragment size distribution
* Grady theory (strain based)

* Mottt size distribution

* Equivalent bare charge

* Fragment/debris trajectories solver
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Ammunition and Explosives Consequence Analysis Tool (AECAT)

Debris Velocity Prediction

* Initial fragment velocities

* Generalized 3D Gurney theory (discretized on CFD grid)
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Packing Continuum  GGT (m/s) DLV (m/s)
density breakup (% difference) (% difference)
(% full) (m/s)

12.5% 6400 560 650 (16%) 670 (20%)
25% 12800 @ 850 890 (5%) 950 (12%)
50% 25600 1260 1280 (2%) 1350 (7%)
100% 55000 @ 1950 2180 (12%) 1920 (-2%)

Debris Launch Velocity (DLV)

Velocity (m/s)
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Light confinement debris launch verification using Debris Launch Vel
Generalized 3D Gurney, and detailed continuum brea




Ammunition and Explosives Consequence Analysis Tool (AECAT)

Debris Size Prediction
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* Fragment size distribution
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* Grady theory (mean size from strain)
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* Secondary breakup (shattering)
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Ammunition and Explosives Consequence Analysis Tool (AECAT)
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* Lagrangian transport framework to compute debris §§§ s =

trajectories

Debris Transport and Consequence Assessment

* Conversion of debris source terms into physics-
based consequence estimates

* Modelling features:
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Ammunition and Explosives Consequence Analysis Tool (AECAT)

Blast Consequence Methodology

- Blast energy reduction from Equivalent Bare

Charge (EBC)
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Earth Covered Magazine (ECM)
Modelling in AECAT



Ammunition and Explosives Consequence Analysis Tool (AECAT)

ECM Modelling in AECAT

* Application of two magazine debris

breakup and launch methodologies:

Fast debris breakup (Gurney)

Detailed continuum breakup

ECM scenario:

NEQ =50 000 kg TNT (uncased)
I0mx15mx3.5m
Concrete thickness: 30 cm

Soil cover: 75 cm thick, 2:1 slope

Location:

CFAD Bedford, Nova Scotia, Canada

@ Virtual Globe Settings

ECM demonstration scenario geometry (top), ECM scenario setup in AECAT Virtual Globe, including

terrain visualization (bottom)
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Ammunition and Explosives Consequence Analysis Tool (AECAT) [E{EE

M Expertul ‘ . ‘ o X

ECM Scenario Setup in AECAT “"—'f"““ LA H < | mm oo e

.
Calculate Magazine Database
Debris A

Custom Component Component 2
4 Visibility
P L

Debris Summary X

Magazine Structure Mass: 278281.975 kg

Explosive EBC: 52014.270 kg

Effective M/C: 5.350

Equivalent Bare Charge: 23473.057 kg

Mass of Debris: 278281.975 kg

Number of Debris: 1729870.340

Mean Debris Size (mass weighted): 76.333 mm

Mean Debris Size (number weighted): 24.353 mm

Mean Debris Velocity: 127.290 m/s

Note:

The fast primary debris solver is based on theoretical models for natural
BLILE E el E : e fragmentation of metal casings driven by conventional high explosives.
The theory may not be appropriate for very thick casings or low-order
explosives.

P orti
——

Geometry

Magazine Builder

4 Templates
Geometry Type ECM Shell v

4 Parameters

Height (m) 35 v
Width (m) 10 . 0 .
Length (m) .5 Magazine GUI to define ECM explosive and structure model

Wingwall Length (m) 8.5
Wingwall Height (m) 0.1
Front Wall Height (m) 4.25

Magazine GUI

Door Height (m) 2
Double Door Il
Door Width (m) 3

Soil Cover Thickness (m) 0.75
Soil Overhang at Back... 0

16

Magazine Builder in AECAT to define magazine geometry



Ammunition and Explosives Consequence Analysis Tool (AECAT)

Detailed continuum breakup model - ECM debris
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ECM debris generation with blast overpressure contours ECM debris generation with debris velocity contours



Ammunition and Explosives Consequence Analysis Tool (AECAT)

Fast debris generation model - ECM debris launch velocity
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Fast debris solver initial debris velocities Detailed continuum breakup debris velocities at t = 10 ms (top) and

t = 30ms (bottom) 18



Ammunition and Explosives Consequence Analysis Tool (AECAT)

Fast debris generation model - ECM debris launch directions
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Ammunition and Explosives Consequence Analysis Tool (AECAT)

Fast debris ECM consequence analysis - Probability of fatality and QD

Probability of Fatality (Total)

I 99% Fatality
I  90% Fatality
N 50% Fatality

10% Fatality
Quantity Distance
DFD2/DFD1/DFD1

1% Fatality

. 0.1% Fatality

Fast debris ECM consequence analysis in real-world environment shown in AECAT, with probability of fatality isolines (left),
and with IBD QD (DFD2/DFD1) with single 1% probability of fatality isoline (right)




Ammunition and Explosives Consequence Analysis Tool (AECAT)

Fast debris ECM consequence analysis - Terrain effects
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T —

Natural Terrain

Visualization of terrain effects from AECAT consequence analysis for 50% fatality probability isolines
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Ammunition and Explosives Consequence Analysis Tool (AECAT)

Fast debris ECM consequence analysis - Blast considerations

v 8 =

'»,g: ¥ N \ ] A N TEA X i
Detailed — Fully Coupled (50 000 kg TNT) Fast — Uncoupled (19 825 kg TNT)

e

Quantity Distance ( Quantity Distance

BD31/BD31/BD31 @, BD31/BD31/BD31

Blast effects results for detailed continuum breakup model (left) and fast debris (uncoupled) model (right).
Isoline at 5.3 kPa blast overpressure. QD shown for IBD, including reduced quantities shown for illustration purposes.




Validation Programme and
Future Work



Ammunition and Explosives Consequence Analy5|s Tool (AECAT) [EJEER
Validation Status and Future Work

Validation of ECM modelling approaches
 USAMERCURY 10 Trial (October 2025)
* Singapore ECM Trial (Planned 2027)

*  Germany NATO ECM 146 (Planned 2028)
Generation of external validation documentation

System enhancement for naval storage
* Inter-compartment propagation
* Successive failure of adjacent volumes

» Sympathetic detonation

Platform enhancements
* Risk assessments and event likelihoods

» Expanded capability for siting and licensing activities

MERCURY 10 trial observation (October 2025)




Ammunition and Explosives Consequence Analysis Tool (AECAT)

Ground Shock and Cratering

* Expanded capabilities for crater
formation and ground shock
prediction

* Support assessments involving
buried explosives, underground
facilities, etc.

* Initial validation studies have
been performed with surface and
buried explosive charges
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Density contours for half-buried charge showing crater formation (top), AECAT vs. various

empirical models of apparent crater radius and depth for various charge masses



Ammunition and Explosives Consequence Analysis Tool (AECAT)

System Enhancement for Naval Storage

« Advanced capabilities to support risk analysis of
munitions scenarios with naval ships

* Stack/magazine definition within ship compartments
* 3D terrain visualization and water surface

» Water response, low energy effects, large fragments,
sympathetic detonation

* Improved performance, usability, and sustainability
* Testing and workflow updates

» Batched calculations for parametric UQ

+ Validation of modelling approaches

° Deployment a nd su p po rt Wlth | n Ca na d aa nd a b road Hypothetical naval ship storage scenario in Sydney Harbour in AECAT



Ammunition and Explosives Consequence Analysis Tool

Naval Storage Enhancements - Debris breakup (Detailed solver)

Debris directions 20

20

10 10 10

Pressure (Pa) Pressure (Pa) Pressure (Pa)

E ok 7.5E+06 E o 7.5E+06 E o 7.5E+06
bt 6.96429E+06 - 6.96429E+06 bt 6.96429E+06
> 6.42857E+06 > 6.42857E+06 > 6.42857E+06
5.89286E+06 5.8928BE+06 5.89286E+06
5.35714E+06 5.35714E+06 5.35714E+06
-10 4.82143E+06 -10 4.82143E+06 -10 4.82143E+06
i 4.28571E+06 4.28571E+06 4.28571E+06

3.75E+06 3.75E+06 3.75E+06

3.21429E+06 3.21429E+06 3.21429E+06
2.67857E+06 2.67857E+06 2.67857E+06
-20 2.14286E+06 -20 2.14286E+06 -20 2.14286E+06
1.60714E+06 1.60714E+06 1.60714E+06
1.07143E+06 1.07143E+06 1.07143E+06

535714 535714 535714

Debris sizes



Ammunition and Explosives Consequence Analysis Tool (AECAT)
Naval Storage Enhancements - 1% prob. Fatality and DFD6 (IBD)
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Fast fragmentation (3D Generalized Gurney) — Preliminary Result Detailed (continuum) breakup
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