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Civil engineering materials are special 
 
A mechanical wristwatch can be made with bearings in rubies processing unique properties of long 
life and low friction, the watch glass can be made of sapphire crystal for optimal shatter and scratch 
resistance, the strap can be made of leather for comfort and beauty, and the watch case can be 
made of solid gold for anti-corrosiveness or more likely: simply to boast. The materials for a 
wristwatch can be selected with a great liberty of choice, it is machined and assembled in well-
controlled factory conditions by trained workers, and during its final use the physical and chemical 
environment is to a high extent predictable. A similar situation applies to many other groups of 
materials – for dental use, electrical components, machine parts, etc. 
 
In the material world, however, a special position is taken by civil engineering materials. Huge 
amounts of materials and labor force are needed for construction of buildings and bridges. During 
construction and use, such materials have to withstand exposure to mother nature and rough 
treatment by humans. Availability and price are central to civil engineering materials, and for this 
reason non-perfect and inhomogenous materials have to be used. The construction field is strictly 
controlled by norms and standards and, generally, local conditions are highly important; geology, 
climate and construction practices. Civil engineering materials are ill-defined materials subjected to 
ill-defined exposure conditions and handled by ill-defined workers. 
 
Massive research efforts have been made in civil engineering materials and a very large foundation 
of scientific knowledge has thus been established, but a relatively small fraction of it is applied in 
practice. This is because the route to the construction site is long and stony, because civil 
engineering materials are complex, and because many other factors than the pure material scientific 
ones are important to this area, see Fig. 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Compared with other fields the knowledge transfer from science to practice is low within the 
civil engineering materials field. Here, science is defined as the production of knowledge, technology 
as the adaption of science and practice as the utilization of technology. From [1]. 
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Development of materials understanding 
 
In universities materials teaching have traditionally been a descriptive, empirical discipline with a 
starting point in the specific class of material: ceramics, metals, polymers and their subtypes. This 
has been the case for centuries and works well, as long as the material types are few and the 
requirements for them are not complex. 
 
By the end of the 19th century a marked development took place in the materials field. The American 
professor J.W.Gibbs developed the scientific, calculative instrument, “Physical Chemistry”, by which 
physical material properties can be derived from basic chemical data of pure substances. To a great 
extent, chemistry is the foundation for material understanding, and in this way, chemical 
engineering became the forerunner in establishing a scientific basis for understanding and 
development of materials. From a starting point, the physico-chemical methods only apply to pure 
substances, and for this reason its success did not easily spread to other engineering fields. 
 
Through the first half of the 20ies century major advances in instrumental and analytical methods 
took place. This gave sufficient insight to allow a basic scientific description of materials relevant to 
include the areas of mechanical and electrical engineering. The success precipitated around 1960 
with the discipline “Materials Science”. After all, most materials within mechanical and electrical 
engineering are sufficiently well-defined that material properties on a macroscopic level are 
dominated by properties on a molecular and microstructural level. 
 
Attempts to include the civil engineering materials field, however, were not successful, because of 
the complexity related to these materials. Instead, the teaching and scientific treatment of civil 
engineering materials took a detour on the way from empiricism to fundamental science. Focus was 
turned to an understanding of various properties as a common denominator rather than the 
individual materials. Table 1 summarizes some of the above points. 
 
 
Tab. 1: Contrary to other engineering disciplines many materials used in civil engineering, also have 
property relevant inhomogeneities at a macroscopic level. Within civil engineering even the inter-
action between the materials may be more important than the exact properties of the individual 
materials. For this reason a basic scientific treatment of such materials has been challenging. 

 
 
 
 
 
 
 
 

 
Status and way forward for teaching of civil engineering materials 
 
In the half a century which have passed since materials science was coined considerable further 
advances have taken place within experimental methods for material analysis, and not the least 
calculative methods have improved dramatically through progress in computers. Today we have 
much more and much better data relevant for civil engineering materials. Also, we have a better 
understanding about microstructural phenomena. Our scientific foundation for civil engineering 
materials has become coherent, and to a relevantly high extent we are able to perform calculations 
on this basis. In parallel with this development increasingly more new civil engineering materials 

Engineering discipline

Chemical

Mechanical & eletrical

Civil

”Noise level”

Molecular

Microscopic

Macroscopic

Examples

Amorphicity, mixtures

Grain boundaries, micro-cracks

Honeycombed concrete, knots in wood



appear, and it has simply become impossible to “follow” the development by other means than to 
learn the “basics”: Time has matured sufficiently to do with teaching of civil engineering materials 
what was done within mechanical and electrical engineering 50 years ago, and what was done 
within chemical engineering 100 years ago, see Figure 2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: If teaching of civil engineering materials takes a starting point in basic science, many 
apparently different materials and phenomena can be straightforwardly understood, including 
those, which are not present at the time of teaching. Learning outcomes become timeless and 
durable. 
 
 
At the Technical University of Denmark we have for 15 years taught civil engineering materials in this 
way, starting with basic science [2]. The disadvantage of this method is a slower start, but it is 
compensated by the advantages: For example students realize that properties of civil engineering 
materials can and should be understood scientifically, students become able to understand more 
complex material interactions, students get a more complete understanding, and their knowledge 
becomes more durable – after finalizing education students can keep themselves up to date by 
generating understanding of new materials and phenomena themselves. In principle we do not 
teach civil engineering materials – we catalyze. 
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