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Do you ever wonder just hew your
microfine aparezales would affect
concrete properties? And wouldn’t 11
he nice if, afier encountering segming-
Iy odd results from o series of aggre-
gate tests, you could explain these
findings quantitatively and so under-
stund and make use of these formerly
puzzling resules?

These kinds of scenarios are ful-
filled all the ume in the pharmaceuti-
cal, metal and semiconductor
mdusinies. because quantitative theory
based on Tundamental materials sei-
ence has been successlully applied o
these materials, Since the time of Sir
Isaae Newton, the greatest advances in
seience have almost always invalved
the close cooperation of experiment
and theory, and these materials are no
exception to this rule.

Unfortunately, testing in the con-
struction materials area has not had
much quantitative theory o help cuide
and interpret it because construction
materials like aggregates, portland
cement concrete and asphaltic con-
creie are much too complicated for
straightforward application of basic
materials science. For example, the
mathematical problem of packing ran-
dom-shaped particles is still a very
hard, unsolved problem. Fortunmately, o
new branch of materials science has
arisen 1 the last 30 years. Called com-
putational materials science, it has
allowed direct application ol the
power of materials science to compli-
cated materials like construction mate-
rials via the functionality of modern
computers., The development of eom-
putational materials science has been
directly linked to the modern revolu-
tion in information technology.

The leading computational materials
science tool in the ULS. woday for con-
crete is the Virtual Cement:and Con-
erete Testng Laboratory (VCOCTL),
which is being developed at the US.
MNational Institute of Standards and
Technology (NIST) with the active
cooperation of 10 leading corporations
and dssociations in the concrete field:
NESGA, vin the Imernational Center
for Aggregates Research (1CAR);
Degussa Master Builders: Holcim
(LS Ine; CEMEX; Sika Technology

AG: W, R. Grace; Portland Cement
Association (PCAY Association Tech-
nigque de L'Tndustrie des Liants
Hydrauliques (ATILH);, Verein
Dreutscher Zementwerke ¢V (VDZ) and
the Mational Ready Mixed Concrete
Association. This lurge, integrated soft-
ware package mimics a complete phys-
1cal testing laboratory, with darabases
of cement and agerecates instead of
bins and hoppers, material combination
and conerete curing models instead of
mixers and molds, o software interface
instead of a cart 1o take materials and
samples around the laboratory, and

accurate models for performance pre-
diction instead of instrumented testing
meschines.

Our 1ded 1s o be able to reduce the
need for much routine testing, espe-
cially in the material development
process. and make the remaining test-

g “smarter” by measuring fundamen-
tal material quantiiies that are needed
by these kinds of madels to be able
unleash their predictive power. An
example of sueh a “sea-change” fora
portland cement concrate test would be
megsuring fundamental rheolozical
guantities with a rheometer nstewd of
running empirical slump tess.

Some ways that the VCCTL could
be psed by industry include: (1) select-
ing a cement and some mineral admix-
tures, along with certain kinds of fine
and coarse aggregates: and predieting
concrete rheology (workability). (2)
predicting what changes inca pevtland
cement concrete or an-asphallic eon-
crete will occur due to a shape change
in aggregates, and (3) predicting the
effect on concrete rheoloay due to the
use of micro-fine ageregates of vary-
ing mineralogies.

To unlock the power of fundamen-
tal models, however, requires 4 hicher
level of material characterization than
has heretofore routinely existed. The
WCCTL ageregate database s o good
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example of this kind of information, In
this datubuse, we have not only vari-
ous sizes of asgresates, but we have
the actual 3-D shapes recorded mathe-
matically. Tsing the information in
this database, we can reconstruct actu-
al aggregates from many dilferent
sources. The higure shown here is-a
montage of two fine and two couarse
aggregates from different sources (we
record actual shape, not actual color),
displaved using Virtual Reality Model-
ing Languaze (VEML) technology
adupted to normal Internet browsers,
This combination of reality ind mode]
gives us an extraordinary ability w
accuralely predict real behavior for
portland cement concrete and some
day for other materials like asphaltic
conerete.:

In five years of cooperative work,
we have progressed from version 1.0
version 6.0 (o be released 1o the con-
sorfium early this year). The VOCTL. is
a challenging underiaking, because all
its predictions are intentionally hased
oo fundamental materials science and
not empirical correlations. Only in that
way can the VCCTL be flexible
enpugh and accurate enough to accom-
madate changes in materials thal come
about for yanous reasons, ¢.g. changes
in supply. changes in standards, or
changes in location. Although some of
the companies in the consortivm are
making effective economic use of the
software already, in a few vears we
expect 1o have a version that is even
more widely usable and practical. We
also hope to develop and release,. in
2006, an educational version of
VCCTL that can be used by students
across the country and the world tooad
in their construction material training.

3ir Ismac Newilon sparked the
Indusirial Revalution by inventing cal-
culus to help him understand the
plvsics problems he wanted to solve.
As computational materials science-
hased models tie logether testing and
theory in the construction industry for
the benelit of materials producers and
selectors and users. what will be the
result? The scenarios that were listed
ut the start of this article were only
dreams—but some dreams do come
true. ]
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