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he main idea of materials sci-

ence is to create a material

with desired properties by us-

ing processing to obtain a mi-

crostructure  that will have those

properties. This is carried out using a

combination of experimeatal and ana-

lytical tools. However, a complex ran-

dom material like concrete requires

something more — computational
materials science.

Computational materials science is
essentially just materials science, ex-
cept that computers are used to simu-
late and analyze microstructures and
predict properties, in addition to doing
experiments and solving analytical
equations. This article describes an
electronic monograph designed to
present the background, techniques,
and results to date in the computational
materials science of concrete.

Computational materials science is a

modern discipline, developing over the
last 20 years because of the revolution-
ary advances that have been made in
computer processing speed and memo-
ry capacity. Computational materials
science is computers applied at the mi-
crostructural level, complementary to
the already widespread use of comput-
ers at the structural scale, in finite ele-
ment packages. The main application
of computational materials science is to
materials that have complex random
microstructures, like concrete, which
defy ordinary mathematical analysis.
And concrete, in particular, has a dif-

ferent complex random microstructure

at different length scales.

At the nanometer (10°m) length
scale, the calcium-silicate-hydrate ce-
ment hydration product, the gel that
holds concrete together, is a porous
random material. At the micrometer
(105 m) scale, cement paste is a differ-
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Fig. 1 — Table of contents of the monograph.

ent random porous composite material,
made up of several different solid phas-
es and capillary pores. At the millime-
ter (10-* m) scale and above, concrete is
another complex composite material
made up of different size and shape ag-
gregates, cement paste, and a compli-
cated porous interface connecting the
two, all randomly mixed together. So
when trying to optimize concrete prop-
erties based on microstructure, the dis-
cipline of computational materials
science is really needed.

In the 1990s, one of the main centers
in the world for the computational ma-
terials science of concrete has been the
National Institute of Standards and
Technology (NIST), Gaithersburg, Md.
Models of the microstructure and prop-
erties of concrete have been developed
at all length scales of interest. Attempts
have been made to link these models
together to predict concrete properties
as a function of mixture design, curing,
and environmental exposure.'* As part
of the development of a Computer-In-
tegrated Knowledge-Based System
(CIKS) for building materials,®¢ a
monograph has been developed® that
attempts to summarize and make avatl-
able the current state of knowledge of
the computational materials science of
concrete. At present, the monograph
focuses on the work done at, or in col-
laboration with, NIST. But many peo-
ple outside of NIST have also
contributed to the work, and are ac-
knowledged within the monograph.

To aid in wider availability, this
monograph has been prepared in elec-
tronic HTML format so that it is acces-
sible via the Internet. It was prepared
this way directly, rather than being
written first as a book, and afterwards
converted into HTML. Many parts are
in color, which are easy and inexpen-
sive to produce using the Internet, but
still rather expensive in paper media. It
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is not designed to be printed
out in its entirety to be read,
but should be read with a
browser directly at the web-
site. Short parts can of course
be printed out for reference,
easier reading, etc. >

As can be seen in the table
of contents (Fig. 1), the mono-
graph, which is presently
about 800 pages long with
hundreds of figures, is quite
comprehensive. It starts off
with general ideas about ran-
dom materials and then goes
more explicitly into the details
of concrete microstructure
and properties. The main
source of text in this mono-
graph has been published pa-
pers. The monograph is more
than just a collection of old re-
search papers, however, al-
though even that would be

a single area are often scat-

Fig. 2 — Example of a simple model for concrete, taken from
the monograph. Gray is cement paste, white is aggregate,
useful, as research results for and black is the porous cement paste interface connecting
the two phases.
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In each chapter, text is arranged by
sections, with an introductory para-
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tion, there is a statement of
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are for that entry. In each section, there
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A sample of what can be found in the
monograph, Fig. 2 is a 2-D slice from a
simple 3-D model of concrete, where
ellipsoids were used to try and capture
the shape of real aggregates. The aggre-
gates are shown in white, the cement
paste in gray, and higher porosity ce-
ment paste areas that connect the ag-
gregates to the cement paste matrix are
shown in black. Multiscale models of
the chloride diffusivity of concrete
have been developed based on more
complex versions of this model.!?
These models and their application are
all described in the monograph.

Since concrete is a prototypical ran-
dom composite material, there is much
that those who work primarily with
other materials can learn from con-
crete. Many of the modelling tech-
niques are also quite general, and can
be used effectively on other random
materials. For this category of reader,

an appendix (Appendix 1) is included
that introduces concrete as a material
and summarizes many of the main
modelling results obtained thus far.
Appendix 1 can also serve as an appto-
priate introduction to the computation-
al materials science of concrete for
concrete technologists.

It should be emphasized that this
monograph is an ongoing document,
subject to frequent changes and addi-
tions. Old material will be removed
when further research updates existing
results, and material will be added as
new research is completed. Since data
quality is an important concern for
technical data placed on the Internet, it
should be noted that all information in
the monograph at present has gone
through the NIST internal review pro-
cess, and all information that will be
added in the future will also have been
screened by the same review process.

More of the contents of the mono-
graph could be described; it is best for
the reader to access and read it directly.
The hope is that the ‘monograph will
play two important roles:

e As a self-teaching guide to educate
students and concrete technologists
about the computational materials sci-
ence of concrete, and

e An easily-accessible electronic re-
source, offering techniques and results
to those doing basic and applied work
in the materials science of concrete.
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