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| SOLUTION & INNOVATION

Demify®

* Solver for simulation of particle systems using discrete
element method (DEM)

 Particle shape

*  Sphere solver — powders, soil, granules
*  Multi-sphere — compound spheres

*  Polyhedrons —rocks, arbitrary shapes

e State-of-the-art implementation
e Highly scalable and parallel algorithms
e Utilizing GPUs, implementation in CUDA
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SBUF Study 2

Industrial scale validation of roller compaction of unbound aggregates
for road construction
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15t pass — Static — Roller velocity 1 m/s 15t pass - Dynamic @ 26Hz High Amplitude — Roller velocity 1m/s




Particle velocity (m/s)

2"d pass dynamic

26 Hz

High amplitude

15t pass dynamic

High amplitude

15t pass static



Particle velocity (m/s)

2" pass - Dynamic @ 26Hz High Amplitude




P [kPal

Experiment

100
P

m

ax—11.3 [kPa] Statisk Pass:1

P

=151.9 [kPa]
max

Dynamisk Pass:1

P

m

ax = 165.2 [kPa] Dynamisk Pass:2

-0.5 0 0.5 1
Tid[s]

P [kPa)

Simulation
100
P ax=04.6 [kPa] Statisk Pass:1
50+t
0 C 1
-1 -0.5 0 0.5 1
200
P hax=150.3 [kPa] Dynamisk Pass:1
150 |
100
50
Ot .
-1 -0.5 0 0.5 1
200
P hax=162.1 [kPa] Dynamisk Pass:2
150 f |
100
50
0~ ' - . .
-1 -0.5 0 0.5 1
Tid][s]

3000 T T T T
Statisk Pass:1
2000 -
E 1000 -
= or w
-1000 - 1
-2000 1 1 1 I 1
0.5 1 1.5 2 25 3 3.5
Tid]s
8000 T T T T
’ . F.[N]
| Dynamisk Pass:1 4
6000 - Y F. [N]
E 4000 - E
R 2000 1
0F WMW
_2000 1 1 Il Il
0.5 1 1.5 2 25 3 3.5
Tid]s)
8000 T T T T
6000 -
E 4000 -
R 2000
o
-2000
0.5
Tid]s)
Statisk Dynamisk 1 Dynamisk 2

Simulering PS1 - +30/-90




| CASE 2 | Summary

 |ndustrial scale validation data set

 Python API very versatile for advanced
modelling

 Good results when comparing simulation and
experiments
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FINDINGS

 Segregation effects have been investigated, identified
and quantified in both simulations and experiments

 The local size distribution has a very strong effect on
compaction performance and hence road life expectancy

 All steps, from quarry to compacted road layer, needs to
be viewed as a process where quality is managed. Not
only a focus on capacity of individual equipment.




STRATEGY & RESEARCH METHODOLOGY

* |terative development
“Kill your darlings”

* Focus on the technology readiness level and direct actions for
the next step

* Industrial scale physical experiments - Validation

 Work with consortium partners on tangible sub-challenges




| NEXT STEP

*  Software demonstrator implementation at Volvo CE and Dynapac
ongoing

e The developed technology should be used to investigate equipment
performance, processes, quality, sampling, standards etc.

. Next call — Ideas:

Model bound layers, sub-grade and concrete/steel structures with FEM
( FCC LaStFEM) — DEM/FEM/MBS coupling

4 Damping
boundary

“Complete” railway/road superstructure simulation
Discussions with Trafikverket

Ongoing research internationally and at KTH

DigiRoad solution would enable an extreme scale up, performance and quality

DO YO U want to JOl n | ? (a) The model test (b) The DEM-FEM coupling model

Fig. 8 The scene of model test and DEM-FEM coupling model




DISCUSSION

Sustainability aspects

* Increased life-span of infrastructure
 Equipment energy minimization in e.g. loading

From nothing to state-of-the-art in three years
Challenges
Commercialization

Gender & Equality
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EXTRA SLIDES



DEM-MBD co-simulation
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20350 D I G I ROAD Simulation of handling and compaction of unbound aggregates in road construction

Case study 2021 - Differential compaction of UGM layers due to construction traffic

Scope: Method: Info:

Investigate the effects of articulated e Multi-camera system » SBUF project support

hauler tire compaction of base « Laser 3D scanning * Project Idea: Martyn Luby, Volvo CE
course layer on the final compaction « Material sampling * Project Owner: NCC

performance and differentiation from * Ground pressure load cells * Project Leader: Kristoffer Hofling
the nominal compaction response * Light deflectometer & CMV * Project partners: FCC, Volvo CE

« Material: +0/-32 * Test location: VCE Eskilstuna
e 2 Tracks (with/without traffic) Machinery: e.g. Volvo SD135B, A45G
- DEM/MBD Co-Simulations Time: August 2021

“The first project that we had this discussion was
years ago when | worked for NCC and we were
tendering for a job in Malmd harbour.

Then since | worked for Volvo the discussion has
come up on and off with contractors using our
compaction system who see these areas as they get
extremely high CMV values when they pass over
them with the roller.”

SBU -}

o1 the Swacish oon indutry

Johannes Quist
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20350 D I G I ROAD Simulation of handling and compaction of unbound aggregates in road construction

Case study 2018 - Full-scale flow experiments for DEM validation and examination of segregation effects

Scope: Method: Info:
1. Develop a data-set that can be  Multi-camera system « SBUF project support
used for industrial scale validation of e Laser 3D scanning o Project owner: NCC
DEM simulations * Material sampling * Project leader: Par Johnning
* Motion capture * Test location: NCC Stenungsund
2. Investigate the mechanisms and « Machinery: Volvo L180H / Volvo FMX (SLP)
effects of size segregation during
unloading
SBU =)
Truck unloading Wheel loader unloading msm‘;““'“ oy
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Johannes Quist






This simulation completed ID: C1_T12

C1T12 - Comparison

Time: 0.02

Velocity (m/s) Velocity (m/s) Velocity (m/s)

3.50 3.50 3.50
2.62 2,62 2,62

1.75 1.75 175
088 0,88 0.88
0.00 0.00 0.00




2 Wheel Loader +22/-250 This simulation ID: C2_V5

Time: 0.02 = _ Time: 0.02

Velocity (m/s) Velocity (m/s)
6.0 6.0
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2030 D I G I ROAD Simulation of handling and compaction of unbound aggregates in road construction

Case study 2018 - Full-scale flow experiments for DEM validation and examination of segregation effects

Segregation Validation

The mechanism of size segregation strongly The simulation results demonstrated a high
influences the homogeneity of the pile level of congruence in terms of particle flow
formation in terms of particle size distribution characteristics and rock pile formation

topography

Johannes Quist
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Figure 23. Particle size distribution for the D1 truck unloading test (+22/-90 & +8/-11 mm).




| DEMIFY | Interfaces

Python interface for scripting (Windows/Linux)
* Shared library loaded as a standard Python module
* \ersatile and a user-friendly syntax
* Allows for advanced customization
e Batch simulations

Demify Graphical User Interface:
* Generic DEM environment on the IPS platform
* Pre-processing, running and post-processing
* Generate python script from GUI configuration

2 pp = inter.HMD(rubber, rubber, friction=0.2, restitution=0.5)

11 # Particle material
) rubber = materials.Material(density=1000,

youngs_modulus=1e7,
poissons_ratio=0.25)

6 # Wall material
’ object_material = materials.Material(density=7000.0,

youngs_modulus=200e7,
poissons_ratio=0.25)

# Particle-particle interaction

I # Particle-wall interaction
5 pw = inter.HMD(rubber, object_material, friction=0.2, restitution=0.5)

# Floor mesh based on two triangles

8 floor_mesh = geo.TriangleMesh(

nodes=[[-5.0, -5.0, -0.03], [-5.0, 5.0, -0.03], [5.0, 5.0, -0.03],
[5.8, -5.0, -0.03]],

triangles=[[0, 2, 1], [@, 3, 2]],

mesh_quality check=geo.MeshQualityCheck.BYPASS_ EXCEPTION)




