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Overview

Modeling of concrete
Updates of polyethylene evaluation
Initial transmission measurements at ORNL



Modeling of concrete

Work on ORNL ND11 task started towards the end of FY2022 Q3.
Concrete is a extremely hard material to model on the atomistic level.

DEM, molecular modeling FEM and micromechanics FEM and XFEM [ E—
E.g., XRD and AFM E.g., SEM and TEM Macroscopic testing < ‘
Structure determination Continuum mechanics Quality control |<l l l

Atomic-structure Microstructure Macrostructure Component

Applied theory
Experimentation
Modeling technique

Cement matrix Mortar + ITZ Concrete

10° {105 1053 100 Length
Nanoscale Microscale Mesoscale Macroscale Scale

Reproduced from [1]. Schematic of multiscale description of a cementitious system. DEM: discrete element method; FEM: finite
element method; XFEM: extended finite element method; XRD: X-ray diffraction; AFM: atomic force microscope; SEM: scanning
electron microscopy; TEM: transmission electron microscopes; ITZ: interfacial transition zone.



Modeling of concrete

Molecular simulation of
structure, dynamics, and mechanical properties
of cement based materials

Cement clinker phases Hydrated cement phases

Tricalcium silicate '— Calcium silicate hydrates '—‘

Dicalcium silicate Portlandite

Tricalcium aluminate '— Ettringite

Tetracalcium aluminoferrite

Gypsum '—

Reproduced from [1]. Molecular simulation of cement-based materials.

Cement clinker phases have already been modeled, including gypsum.

Unlike previous solid materials of interest to NCSP, there is no set structure for calcium-silicate-hydrate (CSH),
which is 50%-65% by volume of hydrated cement paste, but we have been using different models available in the
literature for modeling.

Portlandite (CH) and Ettringite will be modeled as well.



Modeling of concrete

So what is our plan?:

1.

Assume (and test) that thermal neutron scattering law
of concrete is linear combination of percentages of the
phonon spectra of the hydrated cement and
aggregates (i.e. quartz, calcite, dolomite)

Mix a specific composition of concrete, i.e. 70%
quartz and 30% hydrated cement (with 50%-50%
mixture of water and portland cement)

Measure inelastic spectra at VISION of aggregates,
portland cement, hydrated cement, and concrete
(after a month of curing). We have some preliminary
data already, and we will create own samples of
hydrated cement and concrete using different portland
cement, and possibly different compositions.

Measure transmission of hydrated cement and
concrete at RPI.

Possibly measure transmission of different
compositions of hydrated cement and concrete at
ORNL.
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Polyethylene (PE) evaluation

Motivation:

- New transmission measurements at RPI, as well as criticality benchmarks from LLNL.

- ORNL PE evaluation was optimized with respect to differential measurement at VISION spectrometer at SNS,

as well as transmission measurement from RPI. See Chris talk, as well as [2,3].

Optimization summary:

- assign weights for each distinct region of GDOS and vary
them by Dakota

- calculate 2 with respect to VISION INS measurement.
ENDF files can be directly compared to the VISION data by
extracting S( ; ) at specific ( ; ) values measured in
VISION experiment and applying well-know VISION
experimental resolution.

- calculate 2 with respect to RPI transmission
measurement

- repeat the process until combined 2 is minimized
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