
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Multiscale Mechanics of Quartz Sand Under Load with Neutron Diffraction and Digital
Image Correlation

Athanasopoulos, Stefanos; Hall, Stephen

2019

Document Version:
Other version

Link to publication

Citation for published version (APA):
Athanasopoulos, S., & Hall, S. (2019). Multiscale Mechanics of Quartz Sand Under Load with Neutron Diffraction
and Digital Image Correlation. 21. Abstract from Svenska Mekanikdagarna, Stockholm, Sweden.
https://www.kth.se/polopoly_fs/1.910093.1560248535!/SMD_2019_Program_Website_Reduced_Correct.pdf

Total number of authors:
2

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

Download date: 23. May. 2023

https://portal.research.lu.se/en/publications/79787cb8-234e-4ea7-92e8-769f76cdf907
https://www.kth.se/polopoly_fs/1.910093.1560248535!/SMD_2019_Program_Website_Reduced_Correct.pdf


Svenska Mekanikdagar, KTH, 11-12 juni 2019 
 

 

 

MULTISCALE MECHANICS OF QUARTZ SAND UNDER LOAD 

WITH NEUTRON DIFFRACTION AND DIGITAL IMAGE 

CORRELATION 
 

S.D. Athanasopoulos1, S.A. Hall1,2 
 

1Divisiont of Solid Mechanics, Lund University, Lund, Sweden 
2Lund Institute of Advanced Neutron and X-ray Science, Lund, Sweden 

 

Since the first photoelasticity-based experimental 

works on force transmission through glass particles 

in the 1950s (e.g., [1]), there have been several 

studies, using various methods, in the effort of 

characterising the distribution and development of 

forces/stresses throughout granular (geo-)materials 

(e.g., [2]). In recent years, Neutron Strain Scanning 

(NSS) has been successfully used as a new 

experimental tool to infer the force/stress 

distribution in granular media under load (e.g., [3]), 

by measuring the variations in interplanar distances 

of crystals (i.e., the crystallographic – or grain – 

strains). 

The presented work considers a novel plane-strain 

experiment performed on a quartz sand specimen 

with the time-of-flight neutron strain scanner 

ENGIN-X, at the ISIS spallation source in the UK, 

see Figure 1. NSS provided the opportunity to 

measure over a 2D grid of gauge volumes in the 

specimen, the averaged crystallographic strains of 

the constituent grains of each gauge volume, during 

mechanical loading and as a function of an applied 

boundary load. In parallel, photographs of the 

specimen in the plane-strain direction were being 

acquired continuously through a sapphire window, 

to derive the strain field of the specimen by Digital 

Image Correlation (DIC).  

 

 
Figure 1: The experimental setup in ENGIN-X. 

A: High resolution camera. B: Lighting system.  

C: Stress rig. D: Beam defining optics system.  

E: Detector. F: Connection of the apparatus to the 

pressure controller. 

 

From the NSS data, full-field mappings of the 

microscale stress distribution were derived for each 

load step of the loading, see Figure 2–top for load 

step 9, as well as single “micro-stress” average 

values for each of the produced mappings, see 

Figure 2–bottom. By associating traditional 

macroscale boundary measurements with the 

mesoscale DIC-derived strain field and the NSS-

inferred microscale stress distribution, a completely 

novel multiscale analysis for granular (geo-) 

materials has been enabled. 

 

 
Figure 2: (Bottom) The applied axial stress and 

the mean axial component of the micro-stress as 

functions of the macroscopic axial strain.  

(Top) The DIC-derived axial component of the total 

strain field (left) and the NSS-derived mappings of 

the axial component of the total micro-stress (right) 

for load step 9. 
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