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An Intr oductor y Mater ials Cour se:
Making Concr ete Stand Up to the Task

Intr oduction
In recent years, much has been written about the many potential benefits resulting from a
freshman-ngxgn"ÐKpvtqfwevkqp"vq"GpikpggtkpiÑ qt"ÐKpvtqfwevkqp"vq"OaterialsÑ"courses. Despite
these benefits, however, many institutions have been unable to add such a course to their
engineering curricula, for a variety of legitimate reasons. At the University of North Carolina
at Charlotte, the creation of a new program in Construction Management allowed for the
development of a new curriculum including a new course on construction materials.
Primarily intended for 1st year students, this introductory course Î GVEG"3444."ÐEqpuvtwevkqp"
OcvgtkcnuÑ"Î studies the history, physical properties, behavior, and application of basic
construction materials. The course format features two 75-minute lectures and a 3-hour
laboratory each week. Selecting Basic Construction Materials, 7th Edition, by Theodore W.
Marotta as the course text, topics included mineral aggregates, Portland cement concrete,
masonry, wood, asphalt concrete, metals, plastics, and other materials.
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This paper focuses on a block of instruction interior to the course that introduces students to
the preparation, testing, and properties of Portland cement. Implementing a methodology
generally consistent a project based learning approach, the students worked in teams to
explore real-world problems involving mixing, placing, curing, and testing of concrete. It is
widely held that project based learning contains two essential components: (1) a driving
question or problem that serves to organize and drive activities, which taken as a whole
amounts to a meaningful project; and (2) a culminating product(s) or multiple representations
as a series of artifacts, personal communications, or consequential tasks that meaningfully
addresses the driving question.1 In this project, the students were challenged to examine a
eqoogtekcnn{"cxckncdng"Ðtgcf{-to-wugÑ"eqpetgvg"okz"cpf"fgvgtokpg"kh"vjg"fgvckngf"mix
instructions provided by the manufacturer represented a reasonable formula for producing
concrete with the specified compressive strength. The project envisioned a deliberate
procedure where student groups would individually mix a batch of concrete that differed
primarily by the amount of water added. Analysis included the testing of concrete cylinders
at seven (7) and twenty-eight (28) days for accrued strength as well as observations of a
number of concrete characteristics such consistency, workability, mixture homogeneity, and
consolidation. Finally, the project culminated in the submission of a detailed lab report where
the students chronicled what they had learned. Project based learning is associated with some
distinctive benefits when compared to learning solely from textbooks including a deeper
knowledge of subject matter, increased self-direction and motivation, improved research and
problem-solving skills, and understanding how classroom learning connects to jobs and
careers.2 This paper provides actual results and analysis from the students completing the
concrete project portion of this course, but objective assessment of these benefits was not
performed. Future research will address the effectiveness of this effort in terms of traditional
project based learning benefits.

Cour se Lear ning Outcomes Concer ning Por tland Cement
The portion of the course dealing with Portland cement included both traditional classroom
instruction as well as the laboratory experiences presented in this paper. The subset of the
Course Learning Outcomes regarding Portland cement is rather well developed and deals
particularly with understanding the nature and application of Portland cement; it includes the
following:
1.

Appreciate the historical development of concrete and its current physical
composition.

2.

Understand the basic steps in producing Portland cement. (Refer to
www.cement.org/basics/images/flashtour.html for audio-visual presentation.)

3.

Understand the process of hydration and its critical role in achieving compressive
strength.

4.

Appreciate the properties of concrete including fineness and soundness.

5.

Appreciate the basic procedures involved in concrete operations including site
prep, erecting form work, placing re-steel, placing concrete, and finishing and
curing.

6.

Recognize the standard tests for concrete include slump tests, test cylinders, and
non-destructive tests.

7.

Recognize the critical necessity of joints in concrete operations; identify the three
basic types of joints and their utility (contraction joint, isolation joint, and
construction joint).

8.

Employing the procedure in ACI 211.1-91, design a concrete mix satisfying a
specified compressive strength and design profile.

9.

Compressive Strength:
a) Understand the historical basis and the limitations of computing the
required compressive strength.
b) Compute the strength for a concrete mix with standard testing data
considering modification of the standard deviation as appropriate.

10. Curing.
a) Understand the process of curing and some of the critical factors
influencing the resulting compressive strength including minimal w/c ratio,
hydration, available moisture, and temperature.
b) Understand the standard curing techniques of water curing and sealed
curing.
c) Recognize special situations requiring potentially extraordinary techniques
for curing including mass concreting, hot-weather, and cold weather.
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These outcomes are directly incorporated into lectures, but during five separate laboratory
periods of approximately three (3) hours in length, project based learning reinforces through
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materials of the mix and to support proper hydration. This observation was further
eqttqdqtcvgf"ykvj"tgrqtvu"qh"ÐuvkhhpguuÑ"cpf"gzvtgogn{"nqy"yqtmcdknkv{"cuuqekcvgf"ykvj"vjku"
initial mix. Other results from designs that included higher quantities of water in the mix
design, however, clearly supported the expected, theoretical downward trend in strength
commensurate with increasing the water in the design. Further, the increase in strength from
seven to twenty-eight days was pronounced.
Subjectively, this particular portion of the course emerged during end-of-semester student
critiques as particularly popular and enjoyable. For many students, this was their first
exposure to concrete and in their words, Ðigvvkpi"fktv{Ñ"tgpfgtgf"vjg"vqrkeu"pqv"qpn{"hwp"dwv"
tgcn0""Qpg"uvwfgpv"ytqvg."ÐYg"ocfg."yg"dtqmg"kv."yg"cpcn{¦gf"kv"Î vjku"ku"gpikpggtkpi#Ñ""
Student comments tended to affirm the practice of corroborating not just in small groups but
also as a collective, sharing data and insights with students in other sections throughout the
course.
Conclusion
This paper testifies to the possible utility of implementing project based learning in a
freshman-level materials course. At the University of North Carolina at Charlotte, the Civil
Engineering Technology and Construction Management curriculums include a new freshman
course exploring construction materials. This introductory course Î ETCE 1222,
ÐEqpuvtwevkqp"OcvgtkcnuÑ"Î studies the history, physical properties, behavior, and application
of basic construction materials. This paper focused on a block of instruction interior to the
course that introduces students to the preparation, testing, and properties of Portland cement.
This paper provided actual results and analysis from the students completing the concrete
project recently executed as a portion of this course. This project based, experimental
procedure with Portland cement was simple in application but far-reaching in its ability to
demonstrate the fundamental properties of concrete. Certainly, this paper provides positive
evidence highly supportive not only of the future development and implementation of
freshman-level engineering courses but also implementation of project based learning in
engineering.
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