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Background

We want to understand and predict the
properties of concrete materials, including
its early-age performance and service life

Performance of concrete
depends on the properties of the
cement binder component

Properties of cement binder
5 Cement

e change continuously in time powder

® depend on its proportioning, chemistry,
microstructure, and nanostructure

\Waste-stream
materials




VCCTL Software
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Digital Image Modeling

What we would like to reproduce accurately in 3D image:
8 Phase volume fractions
Phase surtace area fractions
Phase correlations:in-space

Particle size aistribution
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Particle 'shape, it availaple From a 2D image?
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3D Particle Shape

X-ray uCr:

E.J. Garbocziand J.W.-Bullard; Cem.-Concr- Res.
34[10] 1933-1937(2004)

Extract individual particles

NST




3D Particle Shape

Shape characterized by spherical harmonic analysis:

E.d. Garboczi; Cem.-Conct.
Res. 32 [10] 1621-1638:(2002)

(or any engineering math book)
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Solve for SH-coefficients; and store in a
datapase for thousands of particles

Retrieve the set {anm} for a given particle shape and choose

arbitrary Euler angles 6,¢ to reproduce the particle using the top

equation
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3D Particle Shape

= i Reproduces deswed shape
,f,?;,'idlstrlbut|on ssesess

llfReproduces deswed size
f jggi[}dlstrlbutlon

- Reprodiices desired solid volume
,']";'fractlon tsually to- within £ 104

i Multiphase particles
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Multiphase Particles

We want to distribute the clinker phases among particles in a
spatially realistic way, at least statistically.

To do so, first measure two-point correlation functions on different
phases or collections of phases in segmented SEM image:

OO

8y A1) = Jx + 1) fi(x) dx

: where fi(x) = 1 if phase 1 is located at x,
e ¥ and fi(x) = O otherwise.

Equivalent to overlaying a displaced image on an original and
measuring the overlapping areas of the same phase for different

displacements.
NIST




Multiphase Particles
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So(r) = Probabllity that second dart lands in same phase

as the first dart
NIST




Multiphase Particles

Features of Sq:
® S5(0) = volfrac
® So(e0) = (VoI frac)?

® Slope atr = 01s =1/4 ot the
Specific: surface area

G0 o

€]

€

> First minimum is-average
domain:size

€

s the same in 2D and: 3D for

homogeneous, ISOtropIC We can use Sz measured on 2D
SUFBICIHIES Bt oannanais > Images to construct 3D images
J.G. Berryman and S.C. Blair, J. Appl. Phys. Wlth the Sdalme StatiStical features

60 [6] 1930-1938 (1986)
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Multiphase Particles

1. Make a 3D box of desired size populated with Gaussian noise

2. Filter the Gaussian noise image with Sz2i(r) to create a correlated
noise image corresponding to distribution of a phase |

3. Overlay the correlated noise image onto the generic particle image,
applying the correlated noise only within the particles (this is done
in the distrib3d function of the G program genmic. c)




Multiphase Particles

4. Because correlation structure is dependent on which phase is
considered, execute the algorithm in five passes:

. Separate Into silicates and aluminates/alkali;sulfates, then

. Separate aluminates and:alkalr sulfates

separate silicates into CzS and C2S; then

. Separate aluminates into CsA and C4AFE

PR CR EI S

. separate alkali sulfates into-KesSO4 and - NasSO4

5. After each pass, use a surface smoothing algorithm between the
two modified phases until correct surface area Is obtained. This is
done in the function sinter3d in the C program genmic. c

NST




Multiphase Particles




VCCTL Software

Material Inventory &

¥ Edit or create a cement &9

-

Name: cementld) |+ ' v

Upload data from a ZIP file for the cement:

» Cement data &

Mass fractions of sulfates &9

Dihydrate 0.0039 Hemihydrate 0.022
Cancel Save Save as... Delete | ¥

» Edit or create a fly ash &

Anhydrite 0.016




VCCTL Software

Step 1: Prepare mix &
Curing Conditions &
Binder &

— Thermal
Choose a cement: cement140 |51
Conditions:

™ isothermal
semi-adiabatic
adiabatic

» Modify phase distribution in the clinker

» Modify calcium sulfate amounts in the cement
Initial temperature: 25.0 °C

» Add SCM to the binder > Aggregate

Mix &

. - A
Mass fraction Volume fraction ging &

Binder 0.1724 0.1307 Hydrate for 28.0 days
... Or stop at degree of hydration:

Water 0.0776 0.1897 -
‘e
Water/Binder ratio 0.45 Use time conversion

. Time conversion factor 3.56-4 h/cycle2
¥ Add Coarse Aggregate 0.30

Use a calorimetry file

» Change properties Use a chemical shrinkage file

@ Add Fine Aggreqate 0.45 Saturation conditions &
™ saturated

Change properties sealed

Air




VCCTL Software

ner VCCTL Software | NIST

@ Secure https://www.nist.gov

:*" Apps . Renweb WCA Intranet o, libxml on Mac OS X [2) Chemistry is Aweso... [] NIST Email Python and User in... » || Other Bookmarks

= NIST MENU

SOFTWARE

VCCTL Software

Y

(Return to ¥ Fine aggregate

Cement Fine aggregate source ' AASHTO Proficiency Sand 39 8

Hydration and _ " . ,. Shepe Date Version
Degradation L # ey — oe

icles analyzed: 533

Image and shape data

Modeling : ; L/T = 2.564 4= 0.777
Software) + R Type of Software
‘ MR virtual testing of cement and concrete

materials
The Virtual

Cement and Last Updated
Concrete Testing Laboratory (VCCTL) software provides a virtual testing laboratory May 20, 2014
environment that can be used by concrete scientists, engineers, and technologists for

virtual testing of cement paste and concrete materials. With this software the user can NIST Authors

* create virtual materials, using carefully characterized cement powders, Jeffrey W. Bullard
supplementary cementitious materials, fillers, and aggregates;

¢ simulate the curing of these materials under a wide range of conditions: and




MicroGhar

Analyzing segmented: Microstructure Images




What you need...

= An Indexed image of a
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icroChar Does (1)
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What MicroChar Does (2)

» Multiplies each phase L i
: gm

volume fraction by lthe o s o
published value of its Belite C,S 3280
: Aluminate  C3;A 3038
density to get scaled Ersitin C AR s
mass Arcanite K,50, 2662
Thenardite Na,SO, 2680
235 Gypsum CaSO, :2H,O 2320
» Divide each scaled mass  1ine CaO . 3310
Oy -tO-tal FRIEISS 'to get Calcite CaCO3 2710
, Periclase MgO 3780
ohase mass fractions Am. Silica  SiO, 2650

NST
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icroChar Does (3)
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MicroChar Download

L L MicroChar | NIST |+
& [¢BEAM & https://www.nist.gov ochar m 6 :

iii Apps [ LaTex [E3 NIST [E3 Cement Chemistry [E5 Christian [E3 Linux/Unix [E5 Databases [E3 Machine Learning [E5 Software Develop... Official Journal Ab... [E5 Python »

NIST SearchNIST Q. = NIST MENU

SOFTWARE

MicroChar

(Return to Cement

Hydration and Degradation = O =l 9
Modeling Software) Closa: ey Type of Software

Image Resolution: 0.5 pum/pixel

Calculate Correlation Functions Executable
Accurate q uantitative data v/ VCCTL Package VCCTL Name: mycement
on cement and clinker NIST Authors
) . VCCTL Data
microstructure images can Jeffrey W. Bullard

prove valuable for Gypsum: 2.0

Bassanite: 2.0

PSD File:

monitoring and controlling
Anhydrite: 0.00

the manufactu ring of Na20: 0.1 Readily Soluble: 0.02 g/100g

_ K20: 0.2 Readily Soluble: 0.08 100 -
cement-based powders. e ‘ — System/Platform Requirements

o Source: {My lab The following requirements must be met for
characterization of Fineness: 400 Method: :

Furthermore, quantitative

. . successful installation and running of MicroChar:
microstructure is an

essential input to « Operating system: Microsoft Windows 7+« or
microstructure-based ‘ Mac OS X 10.9+ or later. Other versions of

computer models of cementitious material processing and properties. This document describes the Windows,such as XP, Vista, or Windows 8, or
use and operating principles of MicroChar, a computer application for automatically calculating a earlier versions of Mac OS X may or may not
range of microstructural properties from an indexed 2D image. Among the properties calculated are be compatiblewith MicroChar.

the volume fraction, mass fraction, and surface area fraction of each phase in the image, as well as o Aminimum of 2 GB RAM and minimum free
two-point correlation functions for quantifying the spatial distribution of the phases throughout the hard disk space of 1 GB for long-term use of

structure. The application also enables the user to package the data obtained on cement powders for thesoftware.




