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Familiarity breeds contempt. This old 
saw applies nowhere better in the materi
als world than to concrète and other 
cement-based materials. Concrète is ubiq-
uitous in everyday life. We walk on it, drive 
on it, and live and work in structures made 
of it. It forms much of the material fabric of 
the modem world. And yet it has not cap-
tured the imagination of the scientists and 
engineers engaged in materials research, 
or the attention of those involved in materi
als éducation. This despite the fact that the 
volume used annually is greater than for 
any other material. 

History 
Cementitious materials hâve a long 

history—their antiquity rivais that of 
metals and ceramics. The oldest dated con
crète is estimated at 7000 B.C., and many 
ancient monuments were constructed us-
ing masonry with cementitious mortars. 
Recently it has been suggested that the 
pyramids were made from blocks of lime-
stone concrète cast in place. While this hy-
pothesis may well be disproved it was 
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certainly within the technical capabilities of 
the Egyptians to use concrète. The Greeks 
and the Romans made widespread use of 
cementitious materials. The Romans in 
particular extended and improved the 
technology, and it could be said that the 
might of the Roman empire depended as 
much on its concrète infrastructure as it did 
on the force of arms. The Panthéon in 
Rome, built in 100 A.D. and the Pont du 

Gard at Nimes in the south of France are 
excellent examples of Roman concrète 
technology. How many of our modem 
structures will be standing 2,000 years from 
now? 

Perhaps herein lies the key to neglect. 
The examples given above are utilitarian 
structures. We admire them for their tech
nology and engineering, but give little 
thought to the materials of which they are 
made. In addition, their constituents are 
made of common materials abundantly 
available from the earth. In contrast metals 
and ceramics used technology to create ob-
jects of beauty and hence of value. The ma
terials became valuable in their own right 
because of this fusion of art and technol
ogy, and the scarcity of their occurrence. 

Development of the Science of 
Céments 

The scientif ic study of inorganic céments 
and their reactions began to émerge in the 
late 19th century along with other materi
als science, and some distinguished scien
tists hâve conducted research in the field. 
Henri Le Chatelier studied the chemistry 
and hydration of Portland cernent for his 
doctoral thesis. The National Bureau of 
Standards had an active program in the 
early décades of the 20th century with an 
emphasis on phase equilibria, and much of 
our knowledge of calcium silicate and alu-
minate Systems stems from this work. In 
the 1930s Prof. Brunel (London, England) 
applied the new technique of x-ray diffrac
tion analysis to the structures of cementi
tious compounds, and this was extended 
in the 1950s and 1960s by Prof. Guinier 
(Paris, France). Electron microscopy was 
first used in the 1950s, while Dr. Brunauer 
(of BET famé) spent much of his profes-
sional career studying the surface chemis
try and pore structures of cementitious 
materials. 

It is fair to say that up to the 1950s cernent 
science was on a comparable footing to 
metals and ceramics in terms of the knowl
edge that was being generated. But since 
then progress has lagged behind. Why is 
this? The answers are probably varied and 
it is not the purpose of this article to explore 
this question in depth. Suffice it to say that 
the major factors range from the chemical 
and physical complexity of the Portland ce
rnent System, which has made it difficult to 
develop élégant theoretical models (such 
as dislocation theory which revolutionized 
metallic science), to the lack of large num-
bers of scientists working in the field, due, 
in part, to its neglect in university curric-
ula; and to the shift of research emphasis to 
civil engineering applications with a réduc
tion in funding opportunities for funda-
mental research. 

Science Opportunities 
Materials science may well hâve been the 

loser in this drift into obscurity because ce
mentitious materials hâve many features 
whose study could hâve applications to 
other materials. Cement-based materials 
can be considered as ceramics whose mi
crostructures are developed by chemical 
reactions taking place at or near ambient 
températures. This makes it much easier to 
create desired composite structures using a 
variety of différent types of fillers and fi-
bers without the concerns of thermal sta-
bility and compatibility. However, as 
presently constituted, most of thèse mate
rials are limited by high intrinsic porosity. 
The présence of a continuous pore System 
extending from the millimeter to the nano-
meter range is a unique feature of thèse 
materials. Characterizing and modeling 
this has been a formidable challenge that is 
only slowly being met. Modeling of diffu
sion and moisture migration phenomena 
dérive from thèse studies. The chemical 
complexity of many cementitious Systems 
combined with a tendency to form poorly 
crystallized reaction products has created 
further challenges, but has provided 
knowledge that could be relevant to sol-gel 
processing. Studies of the fracture of ce
mentitious composites could be relevant to 
ceramic composites, where similar con
cerns of microstructural influence on frac
ture properties exist. 

New Directions 
It is to the crédit of the Materials Re

search Society that it provided an opportu-
nity for this small and unfashionable 
branch of the discipline to discuss in depth 
various aspects of the materials science of 
cement-based materials. MRS has thus 
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played its part in helping to reverse the 
"low-tech" image that has dogged cemen-
titious materials for so long. The 1984 sym
posium devoted to récent developments in 
attaining (comparatively) very high 
strengths in cementitious materials high-
lighted some innovative approaches to 
processing and microstructural control. 
This attracted the attention of program 
managers in the National Science Founda
tion (NSF) and-the Air Force Office of Sci-
entific Research (AFOSR), and contributed 
to the création of a Materials Research 
Group on "chemically bonded ceramics" 
at Pennsylvania State University and the 
formation by the Air Force of a Center of 
Excellence for Cernent Composite Materi
als at the University of Illinois. Thèse two 
groups hâve been looking beyond the con
fines of civil engineering and exploring the 
potential of using céments to create new 
materials with properties comparable to 
other ceramic materials. Thèse university 
programs hâve been developing the sci

ence base for a small group of industries 
that hâve been using céments for novel ap
plications. 

Cement-based materials with mechani-
cal properties comparable to aluminum, 
mild steel, or fiber-reinforced plastics are 
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now possible. Along with the develop-
ment of improved materials for repair and 
rehabilitation of the nation's infrastructure, 
the new cement-based materials may well 
become a material of choice for many man-
ufactured articles where low cost and high 
volume are important. Opportunities also 
exist for developing such specialized criti-
cal applications as blast-resistant struc

tures, encapsulation of hazardous wastes, 
abrasion-résistant components, EMP 
shielding, etc. 

The récent establishment by NSF of a 
Science and Technology Center for Ad
vanced Cement-Based Materials further 
consolidâtes the renaissance that appears 
to be occurring in céments research. Mate
rials science and engineering has become 
an intégral part of the new initiatives, tak-
ing its place alongside chemistry and phys-
ics. We are moving toward the récognition 
that céments represent a new class of ma
terials that hâve unique and challenging 
properties. Their future may now be lim-
ited only by our imagination. 

/. Francis Young is professor of Civil Engineer
ing and Materials Science and Engineering at 
the University of Illinois at Urbana-
Champaign. He serves as director of the Center 
for Cernent Composite Materials at the Univer
sity, and is associate director ofthe NSF Science 
and Technology Center for Advanced Cement-
Based Materials. • 
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NEW MATERIALS TECHNOLOGY 
FOR HIGHWAYS 
Raymond Decker, University Science Partners 

Trillions of dollars...that's what it has cost to construct a world network of highways. The U.S. alone 
spends $40 billion/year to maintain existing roads and build new ones. Dr. Decker, who is involved with 
the Stratégie Highway Research Program, shows how materials advances resulting in a mère 1 % exten
sion in the l i feof asphalt pavement could save $100 million/year! 

What You'll Find on This Tape: Advanced materials in use today • économie importance of highways 
and bridges • factors in rutting • pothole formation • reactions to form rust • microstructure of 
cernent • design factors 

Priées 
VHS 
U-Matic 
Audio Cassette 

MRS Members 
$30VHS-I0B 
$45 UM-10B 
$12A-10B 

U.S. List 
$36VHS-10B 
$55 UM-10B 
$16A-I0B 

Foreign 
$45VHS-I0B 
$65UM-10B 
$20A-10B 

Order from the Materials Research Society, Publications Department, 9800 McKnight Road, Pittsburgh, 
PA 15237; téléphone (412) 367^3012; fax (412) 367-4373. 
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Ask for performance - ask for the 
new D 5000 x-ray diff ractometer 

etector configurations include: 

PSD (Position Sensitive Detector). 
Solid-state detector for improved detector efficiency. 
Std. scintillation counter. 

Versatile 
goniometer design: 

• Operates in horizontal or 
vertical mode for reflection or 
transmission measurements. 

• Converts from 9:26 geometry 
to 9:6 in your lab. 

• Converts to parallel beam. 

Fully automated design: 

• Microprocessor control of data 
collection. 

• Host computer for 
experimental setup and data 
analysis. 

Complete set of 
attachments for 
specific applications: 

• Eulerian cradle for 
texture. 

• Open Eulerian 
cradle for texture/ 
stress. 

• Automatic sample 
-hanger. 
ligh and low 

temperature 
stages. 

• Programmable 
sample rotation. 

Available with 
computer controlled 
variable aperture 
slits in incident and 
diffracted beam 
paths to control 
divergence and 
reduce background. 

For maximum performance in your lab, Siemens has engineered a new generation of x-ray diffractometer 
designed to meet your requirements. The D 5000 features a new goniometer design manufactured to the strictest 
tolerances. Complete with application specific attachments and advanced software routines, the D 5000 has the 
precision and flexibility to outperform other systems in every x-ray application. 

Your Solution is Siemens 
In USA & Canada contact Siemens Analytical X-Ray Instruments, Inc.. a joint venture of Siemens & Nicolet. 
6300 Enterprise Lane • Madison. Wl 53719-1173 • Tel. (608) 276-3000 • FAX (608) 276-3015 
Worldwide Contact: Siemens AG, Analytical Systems E 689 • D 7500 Karlsruhe 21 • P.O. Box 21 1262 • Federal Republic of Germany • Tel. (0721) 595-4295 
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